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DETERMINING THE SPATIAL LOCALIZATION REGION FOR ELECTRON DENSITY RANDOM IR-
REGULARITIES FROM TRANSIONOSPHERIC RADIO SIGNAL CHARACTERISTICS
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Kak mokaszpiBatoT McciaeioBaHus, NPOBEACHHBIE B MOCJIEIHUE TOAbI, KOHTPOJb MPOLECCOB, NPOTEKAIOLUINX Ha
BBICOTaX HEHUTpPAILHOW aTMOC(EpBl, MOKHO OCYIIECTBIISITH, OTCICKUBAS COCTOSIHAE HEOJHOPOTHOH CTPYKTYPHI
noHocdepHoii mia3mel. boxee Toro, BapHanuy mapaMeTpoB HOHOC(HEPHBIX HEOJTHOPOTHOCTEH MOTYT HECTH B cede
HHPOPMALNIO O KOJICOaHUSIX 3eMHON TOBEPXHOCTH W NaXKe C ONPEACIICHHOM IOoJel BEpOSTHOCTH yKa3bIBaTh Ha
NPeICTOsIIUE celicMIYeckre coObITHS. B HacTosee BpeMsi H3BECTHO, YTO MOHOC(EPHbIE NPEIBECTHUKH 3eMIICTP -
CEHUIl MOTYT HPOSIBIATHCS B BHJIE CHEHU(PUUYECKUX BO3MYIUECHHH 3JIEKTPOHHOM MIOTHOCTH. OTIMYUTENHHON 0CO-
OEHHOCTBIO TaKUX BO3MYIICHHH SIBIISIETCS TO, YTO OHU (POPMHPYIOTCS Ha MOHOC(HEPHBIX BBICOTaX B OrPaHUYCHHOMN
00J1aCTH NPOCTPAHCTBA, MPOCKIMS KOTOPOH Ha 3€MHYIO IUIOCKOCTh COAEPKHUT OKPECTHOCTh SMHUIICHTPA MPECTOs-
IIEro 3eMJIeTpsiCeHUs. MeTo1 0OOHapyKeHHsI U KOHTPOJIS TaKOi BO3MYILEHHOW 00JacTH I0JDKEH OBbITh OCHOBaH Ha
PETYISPHOM CIICKCHUH 338 COCTOSIHHEM HEOTHOPOIHOI MOHOC(EpH Hal CeHCMHYECKN aKTUBHBIMHU paifoHaMU 3eM-
yu. JInms 9TOM Lenu MEepCHeKTHBHBIM SIBIICTCS OpTaHU3aIlus TPAaHCHOHOC(EPHOTO KaHalla CBS3M C MOHO30HIOM,
YCTaHOBJICHHBIM Ha KocMudeckoM ammapate (KA), mepuoamyaecku mpoieTaroeM Hal 3aJaHHBIM PErHOHOM.

Cpenu Bcero MHOT0O00pasusi HEOTHOPOJHOCTEH SICKTPOHHOW IDIOTHOCTH HOHOC(EpPH OCOOCHHBIA HHTEpEC
MPEICTABISIIOT HEOTHOPOAHOCTH TYpOYJICHTHOTO THIIA, 00pa3yIOMuecs B OTpaHMYCHHBIX 00NacTIX MPOCTPAHCTBA.
Takue HEOTHOPOTHOCTH, B YACTHOCTH, MPU OMPEACICHHBIX YCIOBUAX MOTYT OBITh MHUIIMHPOBAaHBI TeHEpanueil B
MoHOC(epe mepeMemarnmxcs KPyTHOMacITaOHBIX BO3MYIIEHHH 3JIEKTPOHHON TuIoTHOCTH. [lociennue, B CBOIO
ouepelib, B BO3MYIIEHHBIX YCIOBHAX MOTYT OBITh BBI3BAaHBI aKyCTHKO-TPAaBUTAIIMOHHBIMH BOJTHAMHM, BOSHUKAIOIUMHU
B pe3ynbTare JUTOCHEPHO-HOHOCHEPHBIX B3aUMOJICHCTBUI MPHU MOATOTOBKE CHIIBHBIX 3eMierpsicenuil. IlosTtomy
orpeieNeHre 00NaCTH JOKAIN3AIUH TYPOYJICHTHBIX HEOJHOPOJHOCTEN MOBBIIIIEHHOW HHTEHCHBHOCTH MPEJCTaBIs-
eTcsl BaXKHBIM. B J0KJlazie Ha OCHOBE I'€OMETPHUYECKOW ONTHKM W TEOPHHM BO3MYIICHMH IpPEJIOKEHa METOJMKa
UIeHTU(HUKALME BO3MYILIIEHHOH MOJIHOCTBIO TypOyIM30BaHHOM 00J1acTH HOHOC(EPHO! IIa3Mbl 110 CTATHCTHYECKUM
TPaeKTOPHBIM XapaKTEPUCTHKAM CHTHAJIOB TPAHCHOHOC(EPHOro MHOr0YacTOTHOro 30HAmMpoBaHUsI ¢ KA. B mo-
clleJTHee BpeMs M3MEPEHUs psa CTATHCTUYCCKUX XapaKTEPUCTHK CHUTHAJa CTald BO3MOXHBIMH OJIaromaps coszia-
HUIO IUQPOBBIX HOHO30HIOB HOBOT'O IMOKOJCHHSA. B KadecTBe MOIENH TOHKOH CTPYKTYpPBI OONACTH CIyJaiHOM
WOHW3aIMH B paboTe MCIONB30BaHBl MPEICTABICHUS O KOPPEIBIIHOHHOM JIUIHIICOUIC, JOKATH30BaHHOM B TPO-
cTpaHCTBe. B mpemraraemMoit MeToIMKe aHAIIN3 SKCIICPUMEHTAIBHBIX JAHHBIX MPOM3BOIUTCS CIEIYIONIIM 00pa3oM.
ITpu HeckonpKuX MoJoXkeHUAX KA OTHOCHTENHHO IyHKTa MpHeMa, PacloioKeHHOTO Ha 3eMIle, OIpeAessIIoTCs cTa-
TUCTUYECKHE TPACKTOPHbIE XapaKTEePUCTHKH CUTHAIIOB HA Pa3HBIX pabounx vacrtorax. [lanee Gpukcupyercs 4acToT-
HBI JMama3oH, B KOTOPOM THUCTIEPCHU (UIYKTYaI[Mi TPAaeKTOPHBIX XapaKTEePUCTHK 3HAYUTEIHHO BO3PACTAIOT MO
cpaBHeHHIO ¢ uXx Qaykryanusmu B GpoHoBoil HoHOChepe. HeBo3aMylieHHbIE (IIyKTyallil TPAEKTOPHBIX XapaKTepH-
CTHK OIICHHMBAIOTCS C IIOMOIIBI0 METOJa, paHee pa3pabOTaHHOTO aBTopamHu. Jlajee B MPOCTPAHCTBE CTPOHUTCS «aK-
THUBHAsD» 00J1aCTh, TJIe MOKET HaXOIUTHCSI BO3MYIIIEHHE TYpOYJIEHTHOCTH TIa3Mbl. [ paHuIe! 3T0# 06mactu o06pasy-
I0TCS TPAEKTOPHUSAMH TPAHCHOHOC(EPHBIX CHUTHAJIOB ¢ YAaCTOTAMHM, HE NPOPEarnpoBaBIIMMHU Ha BOSMYIEHHYIO Typ-
OysieHTHOCTb. JlaHHbIE TPAaCKTOPUH PAaCCUHUTHIBAIOTCS B PErYIIIPHON HEBO3MYILIEHHOH noHoc(epe. Hanoxxenne «ak-
THUBHBIX» 00JIaCTEH, MMOCTPOEHHBIX IJISI COBOKYITHOCTH M3MEPEHHH, OTBEYAIOLIMX Pa3JIMUHBIM IOJOXKEHUsIM KA,
MIO3BOJISIET ONPEICINUTD MECTO JIOKAJTM3ALUH 00JIaCTH BO3MYIIEHHOH TYpOYJIEHTHOCTH HOHOC(EPHI.

As recent research intimates, the processes occurring at neutral-atmospheric heights can be monitored by study-
ing the state of non-uniform structure of ionospheric plasma. Moreover, ionospheric irregularity parameter varia-
tions can carry information about terrestrial surface fluctuations and may even be suggestive of forthcoming seismic
events. It is known to date that ionospheric precursors of earthquakes can show up as specific electron density per-
turbations. Typically they are produced at ionospheric heights within a limited region of space whose mapping onto
the terrestrial plane contains the neighborhood of the earthquake to occur. The method to detect and monitor such a
disturbed region must rely on regular observations of the inhomogeneous ionospheric conditions above seismic areas
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of the globe. In this regard, a promising approach involves setting up a transionospheric communication link to the
spacecraft-based ionosonde that periodically passes over a given region.

In the large variety of ionospheric electron density irregularities, of special interest are turbulent irregularities
produced within limited regions of space. Specifically, under certain conditions, such irregularities can be triggered
by traveling large-scale electron density disturbances generated in the ionosphere. These, in turn, in disturbed condi-
tions can be caused by acoustic-gravity waves resulting from lithosphere-ionosphere interactions during major
earthquake build-up. It is therefore important to determine the localization region for turbulent irregularities of en-
hanced intensity. Based on ray optics and perturbation theory, this paper offers a technique for identifying the dis-
turbed, totally turbulent, ionospheric plasma region from statistical trajectory characteristics of transionospheric
multifrequency sounding signals from a spacecraft. Recently it became possible to measure a number of statistical
signal characteristics with the advent of new-generation digisondes. This paper uses, as the fine structure model for
the random ionization region, the notion of the spatially localized correlation ellipsoid. In the proposed technique,
experimental data are analyzed as follows. Using several spacecraft positions relative to the receiver on the ground,
statistical trajectory characteristics of signals are determined for different operating frequencies. Next, the frequency
range is noted, in which fluctuation dispersions of trajectory characteristics increase considerably compared to fluc-
tuations in the background ionosphere. Unperturbed fluctuations of trajectory characteristics are estimated by the
method developed previously by these authors. This is followed by spatially constructing the “active” region with
the possible plasma turbulence disturbance. The boundaries of this region are formed by trajectories of transiono-
spheric signals with frequencies that have not responded to disturbed turbulence. These trajectories are calculated in
a regular undisturbed ionosphere. The superposition of the “active” regions, constructed for the set of measurements
corresponding to different spacecraft positions, makes it possible to determine the location of a disturbed turbulent
ionospheric region.

METOJABI HOBBIINEHUSA TIPOCTPAHCTBEHHOI'O PASPEIIEHUA
HA UPKYTCKOM PAJAPE HP
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METHOD OF INCREASE THE RANGE RESOLUTION ON THE IRKUTSK IN
COHERENT-SCATTER RADAR

S.S. Alsatkin, A.V. Medvedev, D.S. Kushnarev

Lenp paboTsl 3aKiIroyaeTcst B pa3pabOTKe METOIUK, 00ECHEUNBAIOIINX TTOBBIIIEHHE TPOCTPAHCTBEHHOIO paspe-
LIeHMs [IPY U3MEPEHUsX Ha panape HP.

MeTo/1 HEKOT€PEHTHOTO PACCESIHUS AaeT BO3MOXHOCTh AMAarHOCTHPOBAaTh Hanbojee BaXKHBIE XapaKTEPUCTHKU
noHocdepsl. B m3MepeHnax ncronbp3yeTcss MOIIHBIN PaanoIoKaTop, ¢ IIOMOIIBI0 KOTOPOTO YAAeTCs MOIYYUTh WH-
(opmario 0 BEpTUKAIBHOM CTpyKType HOHOc(hepsl n ee nuHamuke. OCHOBHAS YacTh M3IydaeMoi pagapamu HP
9HEPTUH paccerBaeTcs HOHOC(Epoil B pa3HbIX HANpPAaBICHUSX, IOATOMY B IPUEMHUK BO3BPAIIACTCSl OUCHDb CIaObIi
CHTHAJI, HECYIIMH IOJIe3HYI0 MHPOPMAIMIO, K TOMY e OH cMemaH ¢ myMamu. [Ipn oOpaboTke Takux CHUTHAJIOB
UCTIONB3YIOTCS CIIOKHBIE METOIMKHI, B KOTOPBIX IPUCYTCTBYET JUIMTEIHHOE CTATUCTUUECKOE HAKOIIJICHUE SHEPTeTH-
YECKHX XapaKTePUCTUK CUT'HAJIOB.

CeroaHsauraue U3MepeHus TPeOYIOT YIyqIlIeHUs pa3peIieH s 0 JaTbHOCTH 10 €ANHHUI] KUJIOMETPOB.

CaMBIM IIPOCTHIM CIIOCOOOM YIIYUIIEHHUS TPOCTPAHCTBEHHOTO Pa3pelIeHUs SBISAETCS YMEHbIICHUE IITUTEIHHO-
CTH uMIynbca. JlaHHBIN COCOO yMEHBIIAET SHEPrUI0 CHTHANa, CJIEAOBATENIBHO, YXYHALIAeT COOTHOIIEHHE CHT-
HaJI/IIyM, B pe3yJIbTaTe 4ero CTAHOBHUTCS. HAMHOT'O CJIOXKHEH BBIJIEISTh MOJIE3HbIH CHUTHAJ.

PaanonokanioHHBII METOJ B YHCTOM BUAE HE MpUMeHUM B Metone HP, mostomy ocHOBHast 3ajaua HalWTH cuT-
HaJl, KOTOPBIH MO3BOJIMI OBl YJIYUIINTh B Pa3bl pa3pelleHne 110 JATbHOCTH, 03 yXy/IICHHs SJHEPreTHUECKUX XapaK-
TEPUCTHUK CUTHAJA.

BrenpeHnne coBpeMeHHON BBIUMCIUTENBHON TeXHUKH Ha Mpkyrckom panape HP mo3BosseT npuMeHsATh HOBbIE
METOJIbI IPH U3MEPEHUSIX HOHOC(EPHBIX apaMeTpOB. DTH METO/IbI JIAFOT BO3MOKHOCTD YJIYUIINTh OJJMH U3 BaXKHBIX
HapaMeTpOB: pa3pelIalollyl0 CIoCOOHOCTh M0 AATBHOCTH. B paboTe mccieyloTcst BOIIPOCkl IpUMEHEHUs (da3oMa-
HUITYTHPOBAaHHBIX CUTHAJIOB Ha OCHOBE K010B bapkepa.

B pabore ommcaHbl orpaHHYeHUs], KOTOPBIE HAaKJaApIBaeT MeToauka HP Ha IIMTensHOCTh UMITYJIbCA U IIUPUHY
MIOJIOCHI TIPOITycKaHusA. B mpomecce paboTHl yCTaHOBIICHB! ONTHMANbHBIC 3HAYCHUS TS JUTUTEIIFHOCTH UMITYJIbCA H
IIMPHUHBI TTOJIOCH! MPOITYCKaHHs, KOTOPBIE 00ECIIEYNBAIOT HYKHYIO Pa3pemIaronlyi0 CIIOCOOHOCTh MO JaIbHOCTH U
YBEpEHHYIO PETHCTPUPYEMOCTh CUTHAJA.

IIpuBeneHs! npuMepsl 00paOOTKH 3KCTIEPUMEHTAIBHBIX JAHHBIX M MPOGIIIEH 3JIEKTPOHHOW KOHIEHTPAINH C
MOBBIIIEHHBIM NIPOCTPAHCTBEHHBIM Pa3peIICHUEM.
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The aim of work is to develop the method, witch will give the possibility to increase the range resolution of the
incoherent-scatter radar.

Method of incoherent scatter enable to diagnose more important characteristics of ionosphere. Powered radio-
locator is used in measurement, using it, isa success to give the information of vertical structure of ionosphere and
its dynamics. Primary part energy which is radiated by IS radar is scattered by ionosphere in different directions,
beacos the signal which return from ionosphere and carry usefull information is very small in addition it is combined
with noise. Complex methods are used in processing such signal, in which is presented long statistical accumulation
of energy of signal.

Modern measument require the range resolution of several kilometre. The simplest way of improvement the
range resolution is the decrease duration of impulse. This way decrease the energy of signal so it make worse ratio
of signal noise beacos it is very dificult to pick out the usefull signal from noise. Major aim find signal which should
be allowed to improve the range ressolution in times without decrease of energy characteristic of signal.

The modern digital devices used on the radar, allow to use a new method for the measurement of ionosphere pa-
rameters. This method allow to increase one of the important parameter, this parameter is range resolution. The
question of use signal with phase switching on the base of Barker code is looked at in the work.

Restrictions was describe in the work, witch is superimposed of incoherent-scatter method on the pulse duration
and bandwidth. Optimum value was installed for pulse duration and bandwidth in the work process, witch provide
the necessary range resolution and the certain finding of signal.

The experimental data was presented.
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THE INFLUENCE OF THE INHOMOGENEOUS STRUCTURE OF THE HIGH-LATITUDE
IONOSPHERE ON THE HF RADIO WAVE PROPAGATION ALONG THE MERIDIONAL ROUTES
WITH DIFFERENT LENGTHS

M.Yu. Andreev, G.l. Mingaleva, V.S. Mingalev

B Hacrosmielt paboTe uccieayeTcs BIMsTHIE KPYITHOMACIITAOHBIX HEOTHOPOAHOCTEH B pacrpeieNieHUH 3JIEKTPOHHOM
KOHIICHTPAIIMX Ha MEPHIMOHAIILHOE PACIIpOCTpaHeHne KOpoTKHX paanoBoiH (KB) B BeicokommpoTHO#H noHochepe. Vc-
ClIe/IOBaHNE TIPOBOAMTCS IIPU MOMOIIM YHCIIEHHBIX PAacyeToB IO pa3pabOTaHHOM paHee MporpamMMe TPEXMEPHOTO JIyde-
BOro npocinexuBanus Tpackropuil KB [1]. OTa nporpamma no3BonisieT CHHTE3UpOBaTh HOHOTPAMMbl HAKIIOHHOTO 30HIH-
posanns (H3) npu momory Metona «pucTpenku». CoryiacHoO 3TOMY METOY PACCUMTHIBAIOTCS TPACKTOPUH JIydeH, uc-
MyCKaeMbIX M3 MEPeNaloIero MyHKTa MPY PasIMYHbIX YITIaX BBIXOJA M Pa3iIMYHBIX pabouMx 4acToTax, a 3aTeM M3 HUX
BBIOMPAIOTCS TE TPACKTOPUH, KOTOPBIE JOCTUTAIOT TOUKH MPHEMa, U 0 UX ITapaMeTpaM CHHTe3upyeTcs HoHorpamma H3.
IIpu pacyere HaknoHHOTO pacnpocTpaHeHust KB Mbl ncrons3zyem pacnpe/ienieHHe 3IEKTPOHHON KOHLEHTPALUH, PaCcCUU-
TaHHOE TIPY MTOMOIIX pa3pabOTaHHOHN paHee TPEXMEPHOI MaTeMaTHIecKoi MosieNi HoHOC(eps! [2] 1 XOpOIIo BOCTIPOU3-
BOJISIIIIEE B IPEENIax T€OMarHUTHBIX MHPOT 53—65° pacnpeneneHne 3eKTPOHHON KOHICHTPAIHH, TIOJTyYEHHOE METOI0M
CITyTHUKOBOM panurotomorpaduu [3]. PaccuntanHoe pacnpeseneHiue 0OHapyKUBaeT CIIOKHYIO HEOJHOPOJHYIO CTPYKTY-
PY B BBICOKOIIIMPOTHON 00IACTH.

Hamu Opiim cuHTE3MpoBaHBl MOHOTpaMMBl H3 M paccumTaHbl 3aBUCHMOCTH BEPTHKAJIBHBIX YIJIOB BBIXOJA H
MPUX0JAa pajuoIydeld OT 4acTOTHI BOJHBI A paguoTpacc MockBa—Mypmanck, MockBa—MaruutHeli nostoc Ce-
BEPHOTO MoJymrapus 1 MypMmanck—MarauTHeli nomoc CeBepHOro MOJyIIapHs, BEITAHYTHIX MPUMEPHO BAOJB OJI-
HOTO MarHUTHOTO MEpHINAHA.

Oxa3aioce, 4YTO M3-3a CYIIECTBEHHO HEOTHOPOIHOW CTPYKTYpPHI BBICOKOIIMPOTHOH MOHOC(HEPHI XapakTep Mmpo-
xoxaeHust KB or Mockssl 10 Mypmancka U 0 MarHuTHOro 1oJiroca J0JKEH BECbMa CHWIIBHO pasiauyarbes. Eciu
Ha noHorpamme H3 mist Tpaccsl MockBa—MypMaHCK, Hapsily ¢ IpYTMMH, IPUCYTCTBYIOT ciiesibl MojioB 1F2 u 2F2,
To Ha moHorpamme H3 mns tpaccel MockBa—MarHutHbIN monroc CeBEpHOTO TOJYIIApUs ITHX CIEJO0B HET. DTO
O3HA4aeT, YTO yJIJIMHEHHE PaJUOTPACChl B CTOPOHY IMOJIFOCA JTOJKHO MPUBOJIUTH K yXyaueHuto yciaosuit KB-cBszu.
Nonorpamma H3, cuaTe3npoBanHas 11 Tpacchl MypMaHCK—MarHuTHBIH ITOJIIOC CEBEPHOTO MOJYIIAPHs, OKa3anach
BeChbMa HACBHIIIEHHOHN U cojepiKamieil, B 4acTHOCTH, cieasl MooB 1 F2 u 2F2. TTostomy mnst ymyummenus KB-cBs3u
MEXIy HaXOAAIINMCS BOIM3M MOCKBHI NIEPEAATINKOM M HAXOIAMMMCS BOJIIM3M MarHuTHOTO TOJTIOca MTPUEMHUKOM
MOJKET OBITh MPEII0KEH IBYXCTYINEHUYATHIH CIIOcO0: CHavana rnepeaaBaTth CUrHaIBI 13 MoCKBEI B MypMaHCK, a 3a-
TEM 3TH CHUTHAJBI epechuIaTh n3 MypMmaHcKa B paiioH MarautHoro nosoca. [IpuMenenue 3Toro crocoba JOKHO
CYLIECTBEHHO yJIy4dlnuTh yciosus KB-cs3u.
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The present paper is intended to the investigation of the influence of the large-scale inhomogeneous structures in
the electron concentration distributions on the meridional HF radio wave propagation through the high-latitude iono-
sphere. The investigation is done by means of numerical simulations by utilizing a three-dimensional ray-tracing
computer program developed earlier [1]. The program allows us to synthesize ionograms of oblique sounding by
means of the “shooting method”. In accordance with this method we calculate ray-path trajectories of HF radio
waves, originated from the transmitting point of the Earth’s surface in the vertical plane for different values of the
elevation angle and transmission frequency. When this is done, from the variety of calculated ray-path trajectories of
HF radio signals, we choose those, which reach the receiver, and synthesize the ionogram of oblique sounding. For
calculating of the oblique HF propagation, we make use of the electron concentration distribution computed by uti-
lizing the three-dimensional mathematical model of the ionosphere developed earlier [2]. This distribution corre-
sponds well to the electron density plot constructed by the satellite radio tomography method in the geomagnetic
latitude range from 53 to 65 degrees [3]. The calculated distribution manifests the complicated and irregular struc-
ture in the high-latitude region.

We synthesized the ionograms of oblique sounding and calculated the dependence of vertical elevation angles on
the wave frequency for the routes Moscow—Murmansk, Moscow—Magnetic pole of the northern hemisphere, and
Murmansk—Magnetic pole of the northern hemisphere, stretched approximately along the same magnetic meridian.

It turns out that, due to the inhomogeneous structure of the high-latitude ionosphere, the oblique HF propaga-
tions along the routes Moscow to Murmansk and Moscow to Magnetic pole ought to be different significantly. In
particular, the ionogram of oblique sounding for the route Moscow—Murmansk contains the tracks of 1F2 and 2F2
propagation modes among other things. Unlike, the ionogram for the route Moscow—Magnetic pole does not contain
the tracks of 1F2 and 2F2 propagation modes. Consequently, the extension of the route in the direction of the Mag-
netic pole ought to lead to aggravation of the radio propagation. It appears that the ionogram of oblique sounding for
the route Murmansk—Magnetic pole of the northern hemisphere is much better than those for other two routes under
consideration. The latter ionogram contains the tracks of 1F2 and 2F2 propagation modes among other things.
Therefore, to improve the radio propagation between Moscow and Magnetic pole, it is recommended to apply a two-
step method: firstly, to transmit HF radio waves from Moscow to Murmansk; secondly, to transmit these waves
from Murmansk to Magnetic pole. Application of this method ought to improve the radio propagation between
Moscow and Magnetic pole of the northern hemisphere.

UCCJEJOBAHME BJIUSHUSA KOCMUYECKOM MOTI'0/1bl HA CUCTEMBI
SJIEKTPOIIEPEJIAYM JJIA CPEJHUX IUPOT

9.C. babaes, A.b. Ackepos

[amaxuHckas actpodusmueckas ooceparopus uM. H. Tycu HAH Azepbaiimxana
askerov777@yahoo.com

INVESTIGATION OF INFLUENCE OF SPACE WEATHER ON THE ELECTRIC POWER
TRANSMISSION AND SUPPLY SYSTEMS FOR MID LATITUDES

E.S. Babayev, A.B. Askerov

CoBpeMeHHBIE ATEKTPOHHO-YIIPABIISEMBIE CHCTEMBI TeHEPALNHU U Mepeaadn IEKTPHUECKON IHEPTUU CTAaHOBSITCS
Bce 0oJice UYBCTBUTCIBHBIMH K COJIHCYHOW W T€OMArHUTHOH aKTUBHOCTH. BIUsSHHE KOCMHUYECKOH MOTrOJbl Ha
HA3eMHBIC TEXHOJOTHYECKUE CUCTEMBI MPOMCXONUT TIaBHBIM 00pa3oM H3-3a OBICTPHIX M3MEHEHUI T€OMarHUTHOTO
HOJIS, KOTOPOE CIIOCOOHO CO3/1aBaTh 3JIEKTPHUYECKUE MOJIS TONEPEK IMOBEPXHOCTH 3eMilH. ['eOMarHUTHO -HHTyIUpPO-
BanHble TokH (I'MT) cozmarorcst BO BpeMsi FTeOMarHUTHOH OypH T'€03JIEKTPUUECKUM I10JIEM, KOTOPOE OIpeesieTcs
TOKaMH B MOHOC(Epe U ONpE/EIICHHOW CTPYKTYPOH MPOBOANMOCTH 3eMIH. DJIEKTPUIECKOE HalpsKEHUE, CBsI3aH-
HOE C IF€0NNEKTPUYECKUM MOJIEM, 3aBUCUT OT PACCTOSHUS MEXAY TOUKaMU, IJIe CUCTEMa JJIEKTpOoNepesaun 3a3eM-
neHa. [T tekyt depe3 Tpexdasuple TpaHCHOPMATOPHI K KaOENIsIM BHICOKOBOJBTHBIX JIMHUH U TOYKE 3a3€MJICHUS;
Takasi MUTPaNns MOXKET HACHIIIATh TPAHC(HOPMATOPHI M BECTH K MEPETPEBY H, B HEKOTOPHIX IKCTPEMABHBIX CITyda-
X, K Pa3pylICHUIO WIH CUCTEMaTHYECKUM aBapHsAM BCEH ANIEKTPHUECKON CHCTEMBI (TpaHC(hOPMATOphl, JIUNHUH Ie-
penad  T.I.). Bcero HECKONBKO aMIiep JOCTATOYHO Ui TOTO, YTOOBI HAPYIINUTH PadOTy HIIM BBIBECTH W3 CTPOS
TpaHcopmaTop.

BbuTH MCTIO/Ib30BaHbI JaHHBIC 00 aBapusAX B CHCTeMax 3jieKTponepenad Aszepoaiimkana (1994-2004 rr.) ayst uc-
CJIEZIOBAaHUS BO3MOXKHOTO BIUSHHS KOCMUYECKOH TOTOBI Ha HX CTaOmIbHYyI0 padoty [1]. Ocoboe BHIMaHUE OBUIO
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YIIEJICHO U3YYEHHIO BIMSHUS TaK Ha3bIBAEMBIX dKCTPEMAIBHBIX COJIHEUHBIX COOBITHII C MOIIHBIMH I'€OMAarHUTHBIMHU
Oypsimu (Harpumep, B okTs0pe—Hos6pe 2003 r.) [2]. JleTanbHble 3anmMcy H3MEPEHUH M PETHCTpaIvii aBapuii, cie-
naHHble JlucneTyepckuM ynpasieHneM rockommaHud AO «AsepsHepku», MO3BOJIMIN CO3AaTh 0a3y TEXHHUECKHX
JAHHBIX, OXBATBIBAIOIIYIO BCE CIIydaH OTKJIIOYEHHH, Ieped0eB, CKAUYKOB M JPYTHX BHEIITATHBIX CHTYaIlMi B CHUCTE-
Me JHeprocHaOkeHus (Bce MOBPEXKICHHUS YHUCTO TEXHWYECKOTO XapakTepa OBUIM MCKITIOYCHBI U3 PACCMOTPEHHSA).
Berna coznana u cooTBeTCTBYIOMAs 1H(poBast 6a3a JAHHBIX 0 KOCMUIECKON ITOTOE.

Pe3ysnpraThl oKaszaiy, 4TO BIWSHUS T€OMarHUTHBIX Oypb B II€JI0M HE CYLIECTBEHHBI IJIsl CpEHUX reorpaduye-
CKHUX LIMPOT, I/Ie U pacnosokeH AsepOaiipkaH. AHAIU3 AaHHBIX B JIHU C 3KCTPEMaJIbHO MOIIHBIMH T€OMarHUTHBI-
MU OypsIMH, B T€OMarHiTHO-0JIarONpHsTHBIE JHU U B THU C YMEPEHHBIMH U CPEIHEH CHIIbI TeOMarHUTHBIMH OYpsIMU
MOKa3aJI, 4TO YMCJIO CEPhE3HBIX aBapHii, 0OPHIBOB B CUCTEMaX 3JIEKTPOCHAOKEHUS U CKAUYKOB HAIPSIKEHHS B BBICO-
KOBOJIBTHBIX BO3JYIIHBIX JIMHUSX DJIEKTpOIEpesnad 3HAYUTENbHO YBEIMYHMIOCH NMPEUMYILECTBEHHO B JIHH OYECHb
CHJIbHBIX MAarHUTHBIX Oypb, KOTJa T€OMarHUTHOE MOJIe MoKasano peskue (uykryauuu. [Io cpaBHEHHIO ¢ OTHOCH-
TENBHO CIIOKOMHBIMHU JHAMH C «OOBIYHBIMI» TEXHHUECKHMH MpoOJIeMaMy OBUIO 3apErHCTPHPOBAHO 3HAYHTEIHLHOE
YBEJIMYCHUE YHCIIa aBapHi TaKoTo THIA, Kak anddepernuansHas (pa3oBas) 3ammnTa, aBapus B 3eMEIbHO 3aIInTe,
cpabaTbIBaHHE peNeHHON 3aIUTHI U T.JI.

OcnmiorpaMMbl B MOMEHTBI aBapuil SICHO MOKa3bIBAIOT BO3POCIIEE YHCIO TAPMOHUUYECKHUX KOJIEOaHNH TOKa U
HaINpsKEHUSI, KOTOPBIE OLIYTHMO MEHSIOT BOJIHOBYIO (hOpMY CHT'HaNIa B HACHIIIEHHBIX TpaHchopmaTopax. Mcecmemo-
BaHME I10Ka3aJ0, YTO T€ TpaHC(HOpMaTOphl, KOTOPHIE PACIIOJIOKEHB! HA YIJIaxX (B TOYKaX MOBOPOTA) CHCTEMBI HIIEK-
Tponepeaad, B 60.]'1])].[16171 CTCIICHU MOJABEPIKEHBI HETATUBHOMY BJIMAHHUIO I'COMAarHUTHBIX 6ypl) CaMbIMH YA3BUMbBIMHU
00J1aCTSIMH, C TOYKU 3pEHUS CTAOMJIBHOM pabOThl CHCTEM JIIEKTpoIepenaun W TpaHcdopmaropa, SBISIOTCS MpPH-
OpexHble pernonsl Kacnuiickoro mopsi.

Bo Bpemst sKcTpeMalibHBIX COOBITHI B OKTA0pe—HOs0pe 2003 . ObLTH 3aperuCTpUPOBAHbI, IO KpaliHeH Mepe, 1Ba
citydasi aBapuu TpaHcopMaTopa, CBS3aHHbIE C HAarpeBaHUEM M3-3a OJy’)KIAloIero MarHUTHOTO MOTOKa. B Mecrax ¢
TUIOXOH TIPOBOJMMOCTBIO TPYHTA CHCTEMBI dJIEKTporiepesad OOoJbIe MMOABEPKEHBI PUCKY MOBpexaeHus u3-3a [ UT
(ToKHm, BCcTpeyast CONPOTUBIICHUE TPYHTA ¢ HU3KOH IPOBOAMMOCTBIO, TEKYT IO «XOPOIIMM» IPOBOAHHUKAM, OKa3aB-
MIAMCS 110 OJTM30CTH, HAPUMED, M0 TpaHC(HOPMATOPaM 1 JIMHIAM JICKTpOIIepeiad Yepe3 MX TOUKU 3a36MIICHUS).

We cannot conceive of any industrial society without electric power generation and supply systems. These in-
creasingly technology-dependent and electronically-equipped systems tend to be more and more sensitive to solar
and geomagnetic activity. The effects of Space Weather on ground-based technology are mostly due to the varying
geomagnetic field. The rapidly varying geomagnetic field may induce geo-electric fields across the Earth’s surface.
The geomagnetically induced currents (GICs) in electric power transmission systems during a geomagnetic storm
are produced by the geo-electric field, which is determined by currents in the ionosphere and by the structure of the
Earth’s conductivity. The voltages associated with the geo-electric field depend on the distances between points
where the transmission system is earthed. GICs flow through the three-phase transformers to the power cables of
high-voltage lines, and grounding point, which may saturate the transformers and lead to overheating and, in ex-
treme cases, to destruction of the power unit. Saturation produces voltage regulation and harmonic distortion effects
in each transformer. The result can be sufficient to overwhelm the voltage regulation capability and the protection
margins of equipment. Only a few amperes are needed to disrupt transformer operation. Combinations of events
such as these can rapidly lead to systematic failures of the power supply network.

Relevant data of electric power transmission and supply systems’ failures, covering the period of 1994-2004 is
used for investigation of possible influence of space weather events on the operational reliability of the Azerbaijani
power industry. Special attention was paid to the affects of so-called solar extreme events, namely those of October-
November 2003.

Accurate detailed notes and relevant controlling measurements made by the Dispatcher Office of Joint Stock
Company “AzerEnerji”, the Republic of Azerbaijan, allowed to create data on power supply system breakdowns.

Preliminary results have shown that geomagnetic storm effects were not so strong in Azerbaijan (middle geo-
graphical latitudes) and the effects on consumers were small during weak and mild geomagnetic storms, while they
became significant at days with severe geomagnetic storms, when the geomagnetic field displayed sharp changes.
There were registered increased (comparative to relative quiet days with “usual” technical problems) such types of
system failures as differential phase protection, earth protection failure, relay operations, etc.

For each interruption case relevant oscillograms were registered; they show clearly nhumber of harmonic oscilla-
tions in the current and voltage, disrupting the signal waveforms that were registered in saturated transformers De-
tailed study has revealed that those transformers, which are positioned at the corners (at turning points) of an electri-
cal power system, and lines in the East-West direction as well as coastally located “Caspian Sea-land boundary”
areas suffer more damage from geomagnetic storm effects.

During solar extreme events October-November 2003 storms, at least two incidents of transformer heating prob-
lems were registered. The suspected failure linkage is stray flux impinging on external core structures in concentrations
intense enough to develop hot-spots. Weak, but long-duration storms can also cause transformer-heating damage.

Conductivity of the Earth itself is crucial in determining the electric fields produced by a given magnetic field.
Variation of ground conductivities plays an important role in determining the efficiency of coupling between dis-
turbances of the local geomagnetic field caused by space environment influences and the resulting impact to ground-
based power systems.
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Perspectives of study of space weather effects on operational conditions and ecology of the domestic and region-
al electric power industry are discussed.

JAAHAMHUKA IPOCTPAHCTBEHHOT' O PACHPEAEJIEHHA IIOJTHOI'O 3JIEKTPOHHOI'O
COJEPKAHNS BO BPEMS MAT'HUTHOU BYPH 29-31 OKTABPA 2003 r.

3.JI. AdpaiimoBuy, J.U. Actadnena, E.A. Kocoropos

WHcrutyt conneuno-3emuoit puznku CO PAH, UpkyTck
elliada@iszf.irk.ru

DYNAMICS OF SPATIAL DISTRIBUTION OF TOTAL ELECTRON CONTENT DURING
THE STRONG MAGNETIC STORM ON OCTOBER, 29-31, 2003

E.L. Afraimovich, E.I. Astafieva, E.A. Kosogorov

Pa3paboTaH HOBBIIT METOA MOCTPOCHUS TIOOANBHOTO TOJISI CKOPOCTEH IMepeMeIleHHs PeryJIIpHO COCTaBIIAIO-
el moHoro 3MekTponHoro coxepxkanusg (II9C). B ocHOBe MeToma exaT TeXHOIOTHS IIOCTPOSHISI KapT abCOMIOT-
HOTO BepThKainbHOTO 3HaueHus [19C |y Mo maHHBIM MeKayHapoaHO# cetn npueMunKoB GPS (texmosorus Global
lonospheric Maps, GIM) [1] u meron SADM [2] onpezernenust CKOPOCTEil W HANPABJICHHS PACIPOCTPAHCHUS BO3-
MYILEHUH.

Kaptet GIM ¢ nByxuacoBsIM BpeMeHHBIM paspemieHueM B cranpaptHoMm ¢opmare IONEX mpencraBienbl Ha
caiite Internet (ftp://cddisa.gsfc.nasa.gov/). OGmiast KOHIENIIUS BOCCTAHOBIEHUS aOCOJIOTHOTO «BEPTHKAIBHOTO»
3HaueHus [I19C ocHoBaHa Ha MOAOOPE ONTUMATBHBIX MMAPAMETPOB BEIOPAHHON MOJIENTM BEPTHKAIBLHOTO pacipeaene-
HHUS DIICKTPOHHOM KoHIeHTpanuu ¢ BeicoToi (N(h) mpodust) U3 ycnoBuss MUHUMATBHBIX 3HAYSHHN HEBA30K, COOT-
BeTCTBYIOIIUX TpezacTaBieHHbIM B ¢aitne IONEX Bemmuunnam CKO. Jlanee 11 «ONTUMAIBHOTO0» 0 MUHUMYMY
Hesa30k N(h) mpoduis paccunteiBaetest BeprukaibHoe [19C, KOTopoe 1o CylmecTBY paBHO CpelHeMy 3Ha4eHHIo |g
0 perHoHy cooTBeTcTBYtomeH GIM-suetikm.

Momyns CKOPOCTH M OPHEHTALHsI BOJTHOBOTO BeKTOopa Bo3myIeHus [19C onpenemnsroTest o NpupameHusiM Ipo-
n3BoaHBIX [19C mo koopAWHATAaM X, Y ¥ TI0 BpeMeHH t 171 KaXkKIoH CTaHIApTHON SYSHKH reorpapuuecKor CHCTEMBI
koopauHat GIM (5° mo monrote u 2.5° mo mmporte). [loxydeHHBIe TakKUM 00pa30M KapThl MOJS CKOPOCTH TIepeMe-
IIEHNUS ¥ HaNpaBJIeHUs HOpMaIH K M30muHIAM [19C mo3BONISIOT MPOCIEANTh TUHAMHKY ITPOCTPAHCTBEHHOTO pac-
npeaenerus [I19C ¢ BpeMeHHBIM pa3pelieHHeM 2 4; Takoe OorpaHHueHHe OOyCIIOBICHO BPEMEHHBIM pa3pelleHUeM
CTaH/IapTHBIX KapT a0COJIIOTHOTO BEPTUKAIBLHOTO MIOJHOTO AIIEKTPOHHOTO coaepkanus GIM.

B pabore npuMeHeHHEe JaHHOTO METO/1a IEMOHCTPUPYETCS Ha IPUMepe HCClieIoBaHusl HOHOChEpHBIX 3D HEeKTOB
CUJIbHBIX TE€OMAarHUTHBIX Bo3MyIieHuit 29—31 oktsaops 2003 r. Ha miaoTHOH cetu cranimii GPS Ha Tepputopuu Ce-
BEpPHOM AMepHKH. AHaiHM3 IMOKas3al, YTO ITyOOKHe BapHalM{ HANPSHKEHHOCTH T€OMArHUTHOTO TOJI Ha TJIaBHOM
(haze marauTHBIX Oypb 29 1 30 okTs16pst 2003 T. COMPOBOXKIATHCH MEepepacipeieIeHIeM HOHU3AUK U 00pa3oBaHU-
eM Ha roro-3amane CIHIA o6nacreit ¢ BeicokuM 3Hauenuem [19C — no 200 TECU (1016M'2). [Ipu 3TOM CKOpPOCTH TIE-
pememenns m3onauHui [19C mpepprmana 400 m/c. JIas cpaBHEHUs OTMETHM, YTO B MAarHUTOCTIOKOMHBEIA TEpHOJT
MakcumanbHble 3HadeHus [19C He mpepprmanu 60—80 TECU, a ckopocts nepememenust 100 m/c.
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New method of mapping of global field of total electron content (TEC) regular component velocity is worked
out. The method is based on a global absolute vertical TEC value I, mapping technique (Global lonospheric Maps
technique, GIM) [1] and on method SADM of ionospheric disturbances velocity and propagation direction deter-
mining [2].

GIM with 2-hours’ time resolution is presented in Internet on site ftp://cddisa.gsfc.nasa.gov/ with standard
IONEX-files format. Common conception of absolute “vertical” TEC value reconstruction is built upon optimal
parameters selection of electron concentration vertical distribution (N(h) profile). Such selection proceed from con-
dition of residuals minimum presented in IONEX files as RMS. Then for “optimal” N(h) profile “vertical” TEC is
calculated, it is equal to mean Iy value in corresponding GIM cell region.

Disturbance velocity absolute value and its wave vector orientation are determined from increments of TEC x, y
derivatives and TEC time derivative for each standard GIM cell (5° in longitude to 2.5° in latitude). Thus final maps
of velocity field permit to get obvious spatial TEC distribution in dynamics with time resolution of 2 hours.

This work demonstrates an application of the new method for investigation of ionospheric effects of strong geo-
magnetic storms on October, 29-31, 2003 at GPS sites located in Northern America. Data analysis made showed
that deep variations of geomagnetic field intensity were accompanied with ionization redistribution and high TEC
values areas appeared in the south-west of Northern America. TEC value in that areas reached up to 200 TECU
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(10" m™). That time TEC equal lines motion velocity exceeded 400 my/s. It should be noted that maximum TEC
values during magnetic quiet condition is about 60-80 TECU, its motion velocity is about 100 m/s.

NOHOC®EPHOE BOSMYIIEHMUE, BBI3BBAHHOE 3EMJIETPAACEHHUEM 26 JTEKABPSI 2004 r.
BBJIM3U O. CYMATPA 110 IAHHBIM CETH GPS B UHIUNCKOM OKEAHE

J.1. AcradbeBa, J.JI. AppaiimoBuy

Wucruryt conneuno-3emHoi guznu CO PAH, Upkytck

elliada@iszf.irk.ru

IONOSPHERIC DISTURBANCES CAUSED BY THE M9.3 SUMATRA EARTHQUAKE
ON 26 OF DECEMBER, 2004 AS DEDUCED FROM GPS NETWORK IN THE INDIAN OCEAN

E.l. Astafieva, E.L. Afraimovich

HccnenoBannio HOHOC(HEPHOTO OTKINKA Ha BO3MYIIEHHS, BO3HUKAIOIINE TIPH UMITYJIbCHOM BO3JICHCTBUH Ha aT-
Mochepy, TTOCBAIEHO MHOXKECTBO paboT. K mcTouHMKaM TakuX BO3JEHCTBHN MOKHO OTHECTH ITOJ3EMHBIC AICPHbIC
UCTIBITAHUS, TIPOMBIIUIEHHBIE B3PBIBBI U KPYIHBIE 3€MIIETPSCEHHS; IIPH 3TOM IEepEMELICHNE 3¢MHON MOBEPXHOCTH
NPUBOAMT K TCHEPAIIH aKyCTHIECKNX BO3MYICHUH, KOTOPBIE PaclpOCTPAHIIOTCS B aTMOocdepe 10 OOIBIINX BBICOT
¥ MOTYT IIPUBOJUTH B JBIDKCHUE IUIa3My HOHOC(EPHI BCICACTBHE CTOJKHOBUTEIHHOTO B3aNMOACHCTBUS HEUTpalb-
HBIX U 3aPsDKEHHBIX YaCTHIL.

26 nexabpst 2004 r. 8 00:58:53 UT BOiu3u 0. Cymarpa MpoH30ILI0 3eMICTPSICECHHE MarHUTY 10U 9.3. DruieHTp
3emileTpsiceHus Haxoauwicsa B MHauiickoM okeaHe, 1oro-Boctounee 0. Cymatpa.

B pe3ynbpTate aHanm3a JaHHBIX ceTH NpueMHHUKOB GPS, pacnosnoxeHHBIX Ha TeppuTopun MHIUNACKOTro okeaHa,
ObLT OOHapYKeH OCOOBIN KJlacC CPeJHEIIMPOTHBIX CPeIHEMACIITAOHBIX IEepPEeMEIAONIXCs HOHOCHEPHBIX BO3MY-
menuit (CMIINB), xoTopsle MOABMINCE citycTs 1-3 4 mocne 3emueTpsceHus. Taxkue BO3MYILEHHS COOTBETCTBYIOT
nepememaromumcs BosmynieansM (I1B) momHOTO 3nekrponHoro coaepykanus (II19C). BriepBeie ueTkuit OTKINK Ha
3emzerpsicenne B [I9C obHapykeH Ha paccTossHUH 10 3500 KM OT SIHIIEHTpA.

3aperucTpupoBaHHbIE MEPEMEIIAIOIINECS BO3MYIICHUS SABISIOTCA KBasunepuoandeckuMmu Bapuanusmu [19C c
nepuogamu ot 12 1o 18 MuH 1 BpeMeHeM Xu3HU nopsaka 1 4. Ammmtyna [1B npeBeimaet aMmumTyny «(QOHOBBIX»
kosrebanunit [I9C kak MUHUMYM Ha TOPSIIOK.

IIpocTpaHCTBEHHO-BpEMeHHbIE XapakTepucTuku 1B ObuTH MccaenoBaHbl ¢ moMonpio Meroga SADM-GPS [1].
Hampasienue u ckopocth pacnpocTtpanenus [1B cooTBeTCTBYIOT mapamerpaMm HOHOC(HEPHBIX BO3MYIICHUI, BO3HH-
KaIOIINX IPH MEePEMEIIEHUH BO3IyITHBIX BOJIH, KOTOPBIE OBIIN 3aperUCTPUPOBAHbI IPH MOIIHOM 3€MJIETPSICEHHH Ha
Ausicke 28 mapra 1964 1. [2, 3].
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Many papers have been devoted to the researches of the ionospheric response to disturbances generated at the
pulse impact on atmosphere. Nuclear tests, industrial explosions, and large earthquakes may be considered as
sources of such impacts. The shift of the Earth surface leads to generation of acoustic gravity waves (AGW)
propagating into atmosphere with an increasing of the amplitude up to high altitudes where they are able to initiate
the plasma motion due to the collision interaction of neutral and charged particles.

An Mw 9.3 earthquake originated in the Indian Ocean off the western coast of northern Sumatra at
00:58:53 UT on December 26, 2004.

We identified a specific class of mid-latitude medium-scale traveling ionospheric disturbances (MS TIDs)
caused by the M9.3 Sumatra Earthquake on 26 of December, 2004, named traveling wave packets (TWPs) of total
electron content (TEC) disturbances.

For the first time, we found the TEC response on the earthquake well-defined so far out of epicenter (3500 km).

The traveling wave packets are observed by a network of GPS receivers in the Indian Ocean in 1-3 h after the
earthquake.

TWPs are quasi-periodic oscillations of TEC with a period of around 12-18 min, and time duration of the order
of 1 hour. The TWP amplitudes exceed the amplitudes of “background” TEC fluctuations by one order of magni-
tude, as a minimum.

We carried out a detailed analysis of the spatial-temporal properties of TWPs by considering using the SADM-
GPS [1]. The velocity and direction of TWP displacement agrees with the ionospheric disturbance parameters
caused by traveling air waves of the great Alaskan earthquake of March 28, 1964 [2, 3].
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HCCJIEJOBAHUE I'NTABHOI'O HOHOC®EPHOI'O ITPOBAJIA TIO JAHHBIM GPS
N NOHOC®EPHbBIX CTAHIIMU B PAUOHE SAKYTCKA
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STUDY OF THE MAIN IONOSPHERIC TROUGH BASED ON DATA OF THE GPS AND
IONOSPHERIC STATIONS IN THE YAKUTSK REGION

'E.D. Bondar, 'V.F. Smirnov, 'E.K. Zikrach, ?E.L. Afraimovich,
?0.S. Lesyuta, N2.P. Perevalova, 20.M. Pirog

HccrenoBanmio TMHAMUKHA U MEXaHI3MOB (HOpMUpPOBaHMS TTTaBHOTO HoHOc(hepHoTo mpoBaina (I'UIT) nocesmeno
Oonpmoe koimdecTBO pabdot. MHTEpec k 310l mpobiieme 00ycIOBIeH HEOOBIIHOCTHIO CBOHCTB M OCOOBIM JHHAMH-
YECKHM PEXUMOM HOHOC(epHoH tra3Mbl B ipeaenax [ UII. Mccnenosanme NI, kpome 3HAYCHUS U TOHUMAHUS
(PM3UKM BBICOKOIIMPOTHON MOHOC(EPHI, IMEET W MPAKTUYECKYIO IIEHHOCTh U YTOYHEHHUS METOJWKH pacuera pa-
JMOTpacc Ha IHUPOTaxX CyO0aBpOPaIbHOM 30HbI, I7ie HanOoJIee JacThl M AITUTEIBHBI CPBIBBI KOPOTKOBOJIHOBOH pagno-
cBs3u. BrepBele perynspHoe MOHMKEHHE IJIEKTPOHHON KOHIIEHTpAIlMM Ha BBICOTaX MakcuMyMa obiactu F B ee
HIMPOTHOM pacIipeAeieHiH ObII0 00HAPYKeHO Mpu HoHOochepHOM 3oHaANMpoBanun cBepXy ¢ MC3 AJIYDTT-1. C Tex
HOp paJo30HANPOBAHUE CBEPXY U HEMOCPEACTBEHHBIE U3MEPEHUsI Ha OOpTYy HI3KoOopOuTaIpHbIX MC3 nanu MHOTO
Ba)XKHBIX JaHHBIX 0 (husndeckux nporeccax B [UII. OgHako 10 cUX MOP HET JOCTATOYHOMW SICHOCTH B MOHUMAaHHUH
OCHOBHBIX CBOWCTB M HaJIeKHBIX HKCIEPUMEHTAIbHBIX OlleHOK mapameTpoB ['UII (rmyOuHa, mmpuHa mpoBana, CKo-
POCTh IEpeMEIeHNsI MUHIMYMa Ha Pa3iIW9HBIX CTaJHSIX Pa3BUTHS T€OMArHUTHBIX Oypb). CyIIECTBEHHBIM JIOTOJ-
HEHHEM B JKCIECPHMEHTAIBHBIX HCCIECIOBAHUAX CTPYKTYPHl M JUHAMHKH HOHOC(HEDHI SBISIETCS HCIONB30BAHUE
BO3MOXKHOCTEH DPaMO30HANPOBAHUS HOHOC(EPH! C MOMOILIBIO CHTHAJIOB TI00ANBHONH HaBUTAIIMOHHOW CHCTEMBI
GPS Ha ocHOBe UCNIOIB30BaHUS JaHHBIX IIHPOKO pa3BETBICHHBIX ceTel cranuuil GPS.

Henp nannoit pabotel — Ha mpumMepe ['MII, HaOmM0ga€MOTO B CIIOKOWHBIX TEOMAaTHUTHBIX YCIOBHAX 2 OKTSOPS
2000 r. B paiione SKyTcKka, H3y4UTh HOBBIE BO3MOXKHOCTH OXHOBpeMeHHBIX HabOmromenuit ['UII ¢ ucmons3oBanneM
JTAaHHBIX PACTIOJI0KEHHBIX B PETHOHE HOHOC(epHBIX cTaHImid, a Takke RINEX u IONEX nannsix cranmmii GPS.

IIpuBenens! pe3ynpraThl uccaenoBanusd I NI npu cOKOHHBIX T€OMarHUTHBIX yclIoBUAX 2 okTa0ps 2000 r. Mc-
MOJIF30BAHBl JaHHBIE JIBYX paanoTpacc npueMHuk—cinyTHUK GPS u moHochepHsix cranuuit Sxkytck u JXurasck,
PAacIIoNIOKeHHBIX BIOTh MepuanaHa ~125°E. Ananu3 BEIIBIT 4eTKUH () ()EKT YMEHBIIEHHUS OIHOTO 3JIEKTPOHHOTO
COJIepXKaHus Il BCEX paauoTpacc B MoMmeHT npoxoxaeHus ['MII. MoHochepHble CTAHIUM TAKXKE MOKA3bIBAIOT
YMEHBIIIEHNE 3JIEKTPOHHON KOHLEHTpAIMKU B MakcuMyme ciosi F2, coorBercTByromue nokasanusMm GPS Bo Bpems
nposieta HaJ HUMH. IloiydeHHBIe pe3yabTaThl HAXOAATCS B XOPOIIEM COTJIACHHU C JaHHBIMM NPOBEICHHBIX paHee
u3MepeHuil. [IpuBeneHHbIe B pabOTe JaHHBIE COOTBETCTBYIOT 00mIel Mopdororndeckoit kaptuae aquaamukn [ UIL.
Onnaxo Bapuanuu [19C B obnacTu mpoBaja MoKa3pIBaloT OoJiee IMIaBHYIO KapTHHY 0€3 4eTKO BBIPaKCHHOW MOIsp-
Ho# crerku ['UI1, 0ObrdHO HaOMIO1AEMOI 110 HA3€MHBIM JIAHHBIM KPUTHYECKUX YacTOT cJosi F2 M 1o cIyTHUKOBBIM
JTAaHHBIM 3JIEKTPOHHOH KOHIIEHTPALMH B MaKCUMyMe F-001acTy MM Ha ONIpe/ieNIeHHON BBICOTE.

Many works are dedicated to studying the dynamics and mechanisms of MIT formation. This problem is inter-
esting because the properties and dynamic regime of the ionospheric plasma within MIT are unusual. The study of
MIT encourages understanding the physics of the high-latitude ionosphere and makes it possible to specify the tech-
nique for calculating radio paths at latitudes of the subauroral zone, where HF radiocommunication gaps are most
frequent and prolonged. A regular decrease in the latitudinal distribution of the electron density at altitudes of the F
region maximum was first observed during the ionospheric sounding from above on the Alouette 1 satellite. The
following radiosounding from above and direct measurements on low-orbiting satellites have given many important
data on physical processes within MIT. However, the main MIT properties are still insufficiently clear and the main
MIT parameters (depth, width, minimum displacement velocity at different stages of development of geomagnetic
storms) have been estimated insufficiently reliably. Experimental studies of the structure and dynamics of the iono-
sphere are substantially completed with data of ionospheric radiosounding using GPS signals based on widely
branched networks of GPS stations.

The aim of this work is to study new opportunities of simultaneous MIT observations based on MIT observed
under quiet geomagnetic conditions of October 2, 2000, in the Yakutsk region and using data of the ionospheric sta-
tions located in this region and RINEX and IONEX data of the GPS stations.

Results of studying the main ionospheric trough (MIT) under quiet geomagnetic conditions on October 2, 2000,
are presented. Data of two radio paths receiver—GPS satellite and Yakutsk and Zhigansk ionospheric stations, locat-
ed along ~125°E, have been used. An analysis has indicated that the total electron content pronouncedly decreased
during the passage of MIT on both radio paths. It has been shown that the electron density at the F2 layer maximum
also decreased in accordance with the corresponding indications of the GPS satellites above the ionospheric stations.
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The obtained results are in good agreement with the previous measurements. Data given in the present work corre-
spond to the general morphological pattern of the MIT dynamics. However, the TEC variations in the trough region
indicate a more smooth pattern without a clearly defined poleward wall of MIT, which is usually detected in ground-
based data on the F2 layer critical frequencies and in satellite observations of electron density at an F region maxi-
mum or at a certain altitude.

JJABOPATOPHOE MOJEJIMPOBAHUE HECTAIIUOHAPHBIX ITPOHECCOB B KOCMHUYECKHUX
HNUKJIOTPOHHBIX MA3EPAX

A.B. BojnonbsinoB, C.B. I'onty0eB, A.I'. [lemexos, I.A. Mancdeana, B.FO. Tpaxrenrepiy

Wueruryt npuxnannoit ¢usnkun PAH, Hwkunit Hosropoa, Poccust
avod@appl.sci-nnov.ru

LABORATORY MODELING OF NONSTATIONARY PROCESSES OF SPACE
CYCLOTRON MASERS

A.V. Vodopyanov, S.V. Golubev, A.G. Demekhov, D.A. Mansfeld, V.Yu. Trakhtengerts

OLIP-HarpeB Mo3BOSET MOIYYNTh HEPABHOBECHYIO IUIa3My B MarHUTHOM JIOBYIIKE C CHJIBHO aHM30TPOIHOH (yHK-
MeH pactpenencHus 31eKTpoHoB (PPI) mo ckopocTsM, 4To 1aeT BO3MOXKHOCTD HCCIIEZIOBATh B JIAOOPATOPHBIX YCIIOBH-
SIX IeJBIH PSIT MPOTEKAOMNX B KOCMUYECKUX MarHUTHBIX JIOBYIIKAX MPOIIECCOB, ONPEAEIAEMBIX ClI0xKHON PPO.

IIpuMepoM Takoro MoJeNUPOBaHHUS MOXKET CIYKUTh OOHAapyKeHHBIM B 1iazme OI[P-paspsaa B mpocToi Mar-
HUTHOM JIOBYIIIKE aBTOKOJICOATENBbHBIA PEXKUM PA3BUTHSA IIUKJIOTPOHHON HEYCTOIUMBOCTH.

W3 npoBeneHHBIX paHee HCCIEAOBAaHUN M3BECTHO, YTO B IUIa3Me MPUCYTCTBYIOT JIBE MOIYJIALUH 3JICKTPOHOB,
OJIHA U3 KOTOPEIX (OCHOBHAsS H30TpomHas) nMeeT konmentparmio Ne~10" ecM® u Temneparypy Te~300 5B, a apyras
(’HEepruyHas aHU30TPOITHAS) — Ne~10% cm 2 i T~10 x3B. HeycroitunBocTs mposiBisieTcs B BUAE KBa3ulepuoanye-
ckux (xapakrepHblif nmepuoa 200 HC) BeruieckoB (xapakTepHas mmutensHocTh 30 He) CBU-u3nyueHus miaasmsl U
CHHXPOHHBIX C HUMH BBIOPOCOB TOpSYMX JICKTPOHOB M3 MarHUTHOH JIOBYIIKH. CpenmHssl SHEPTUs TOPSUUX IICK-
TPOHOB, OKMHYBIINX MarHUTHYIO JIOBYIIKY, cOCTaBiseT okosno 10 xk3B. AGcomoTHEIE H3MEPEHUS TUIOTHOCTH I10-
TOKa SHEPIMYHBIX AJIEKTPOHOB MOKA3bIBAIOT, YTO DHEPreTUYECKHE MOTEpH Muaa3mbl cocTaBisaoT 20-30 % ot 3Hep-
THM HAaKa4KH, BBOJUMOH 3a BpEMsI HEyCTOMYMBOCTH.

Habmonaemsrit ciektp CBU-u3iryueHns mia3Mbl OrpaHUYEH CBEPXY MO YaCTOTE, YTO COTJIACYETCS C TEOpEeTHUe-
CKUMHU TnpenacTaBieHussMH. OnpeneneH AHana3oH IUNIOTHOCTEH IIa3Mbl, B KOTOPOM BO3MOYKHO Pa3BUTHE TaKOW He-
YCTOMUMBOCTH, ONTUMANBHOE JUTS PA3BUTHS HEYCTOMUMBOCTH ILIa3MbI JaBJICHHE ra3a cocTapmseT okono 10~ Topp.
ITpu onTuManbHOM AAaBICHUM U3MEPEHAa MHTEHCUBHOCTH cOOCTBeHHOr0 CBU-m3iryueHus niaa3smsl B 3aBUCUMOCTH OT
MarHUTHOTO MOJIS B IIEHTPE JIOBYIIKH B PA3JIMYHBIX JUaNa30HaX JUIMH BOJH. [loka3zaHo, YTO NMpH yBEIMYEHUH Mar-
HUTHOTO IOJIS CTIEKTpP CABUraeTcs B 00JIacTh 00JIee BEICOKMX 4acTOT.

IIpoBeneHHBIE HCCIEIOBAHNS TO3BOJIMIM YCTAHOBHUTH, YTO BBICHIIAHUS JIEKTPOHOB CBSI3aHBI C BO30YXKACHHEM
CBHCTOBBIX BOJIH C HAaIIPABJIEHHEM PACHPOCTPaHEHHs BAOJb OCH JOBYIIKM M YTO HaOirogaeMas HEyCTOWYHBOCTb
MMEEeT MHOTO OOIIETro C SBJICHUAMH, HAOJIIOIaeMbIMU B KOCMHUYECKHX MArHUTHBIX JIOBYIIKAX, TAKAX KaK paauariv-
OHHBIE M0sICa B MarHUTOC(epax IUIaHET U COTHEUHbIE KOPOHAIBHBIE METIIH.

Pe3synbraTel SKCIIEpUMEHTa AEMOHCTPUPYIOT BO3MOKHOCTh MOJEIUPOBAHNS KOCMHUYECKUX LUKIOTPOHHBIX Ma-
3€pOB B JIA0OPATOPHBIX YCIOBHSX.

The ECR heating allows obtaining plasma in the magnetic trap with anisotropic electron distribution function
(EDF). That fact gives us an opportunity to investigate in laboratory conditions a number of processes, occurring in
space magnetic traps, which are determined by complicated EDF.

As an example of such a modeling we present a study of pulsating regimes of whistler cyclotron instability in a
laboratory magnetic mirror trap.

Early experiments has shown, that ECR plasma consists of two electron components. First isotropic character-
ized by plasma density N.~10"* cm™ and electron temperature T.~300 eV, second anisotropic component character-
ized by N.~10" cm™ and T.~10 keV. The instability occurs as the quasi-periodic bursts (about 200 ns) of precipitat-
ed energetic electrons, accompanied with bursts (about 30 ns) of the electromagnetic emission. The mean energy of
precipitated electrons is about 10 keV. Absolutely calibrated measurements shows, that energy losses of plasma due
to whistler cyclotron instability comprises up to 20 % of pumping energy.

The emission spectrum is bounded from above by the frequency which is below the electron gyrofrequency in
the central cross-section of the trap. Plasma density range of whistler cyclotron instability running is determined.
Optimal operating gas pressure was about 10—4 torr. Plasma emission intensity in different bands was measured
versus magnetic trap field value at optimal pressure. It was shown that microwave emission spectrum shifts to high-
er frequencies as the magnetrap field increases.

We found that the spike-like regimes of precipitation observed in the laboratory trap are generally consistent
with the theory of cyclotron masers and can have much in common with similar regimes in space cyclotron masers,
in particular, in magnetospheric radiation belts and solar flare loops.

Experimental results show prospects of laboratory modeling of space cyclotron masers.
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CPABHEHHUE PEAKIIMHA NOHOC®EPBI HA KPYITHOMACIITABHBIE BO3MYIIEHUSA
ABPOPAJIBHOT'O MPOUCXOKJIEHHS BO BPEMSI MAT'HUTHBIX BYPb 29-31 OKTSIBPS 2003 r.
N 7-11 HOSIBPS 2004 I'. 10 JAHHBIM CETH GPS 1 HOHO30HJ10OB

3.J1. AdpaiimoBuy, C.B. BoeiikoB, K.I'. PaToBckuii

WuctutyT comreyno-3emuoi pmsuku CO PAH, UpkyTck
serg3108@iszf.irk.ru

A COMPARISON ANALYSIS OF IONOSPHERE RESPONSE TO AURORAL LARGE-SCALE
DISTURBANCES DURING MAGNETIC STORMS ON OCTOBER 29-31, 2003
AND NOVEMBER 7-11, 2004 FROM GPS AND IONOSONDE NETWORK DATA

E.L. Afraimovich, S.V. Voeykov, K.G. Ratovsky

HoBprlit 5Tan B AMCTaHIMOHHON AMAarHOCTHKE MOHOC(EPH OTKPHIBAeTCS Ojaromaps pa3sBUTHIO MEKIyHApOTHON
r1o0aNbHOM Ha3eMHOM CeTH BYXYacTOTHBIX MPHEeMHHKOB HaBHTannoHHOU cucteMbl GPS. B UC3® CO PAH pas-
pabaTeiBaeTcs mporpammusiid komiuiekc GLOBDET, nmpenna3HadeHHBINH U1 TII00aTFHOTO AETEKTUPOBAHUAS U MO-
HUTOPHHIa MOHOC(EPHBIX BO3MYIIEHHH €CTECTBEHHOTO M TEXHOTEHHOTO NPOUCXOXKICHUS 10 JaHHBIM M3MEPEHHH
Bapuanuii mojaHoro 3nekTpoHHoro coaepsxkanus (I1DC), npousBoaumseix B cucteme GPS [1].

OnHO# U3 KITIOYEBBIX MPOOJIEM HCCIIeI0BaHI HOHOC(HEPHI ¢ MOMOIIBIO TPAHCHOHOC(HEPHOTO 30HANPOBAHUS SIB-
JSIETCSI BOIIPOC O COOTBETCTBUU MapaMETPOB MOHOC(HEPHBIX BO3MYIICHHUI, ONPEIENICHHBIX MO AaHHBIM W3MEpPEHUI
[13C, nokaabHBIM XapaKTEPUCTHKAM BO3MYLICHUH 3JEKTPOHHOW KOHIIEHTpalMH, 00YCIOBJIEHHBIX PacHpoOCTpaHe-
HHEM aKyCTHKO-TPaBUTALIMOHHBIX BOJIH (AI'B) ecTecTBEHHOro M TEXHOTEHHOI'O IMPOHCXOXKACHUS (aBpopanbHBIE
SBJICHUSI, MeTe03(D(EKThI, 3eMIIETPSICCHUS, B3PBIBBL, 3aITyCKU pakeT U T.A.). s peuienust 3Toil mpobieMbl HeoOX0-
JMMO TIPUBJICUEHHE JOTIOJHUTENBHBIX JAHHBIX, HOJIYYEHHBIX C TIOMOIIBIO IPYTrUX reo(pU3NYeCKUX WHCTPYMEHTOB!
MOHO30HIOB, PaJJapOB HEKOTEPEHTHOTO PACCESTHUSL.

B Hacrosmei paboTte B kKauecTBe 00BEKTa MCCIICAOBAHMUS OBIIIM BEIOPAaHBI KPYITHOMACIITAOHbIE NTEPEMEIIAFOIIH-
ecst noHocepHsle Bo3mytieHus (KM I1MB), sapeructpupoBaHHEIe BO BpeMsi MarHUTHBIX Oyphb 29-31 okTs10ps 2003
r. u 7-11 HOs0ps 2004 r. Cunraercs ycraHoBieHHBIM, uT0 KM IIVB sBISIIOTCS CIIEACTBHEM paclpOCTpaHEHUS B
atMoctepe AI'B, oGmacTn rerepauy KOTOPBIX JIEXKAT B aBPOPATBHBIX 30HAX CEBEPHOTO WM IOXKHOTO ITOJYIIapHs
[2]. TToaTomy m3yuenne KM TTMB MoxeT gaTh BaKHYIO HHPOPMALMIO O MPOIEccaX B 3TUX 30HAX B CIIOKOWHBIX U
BO3MYIICHHBIX YCIOBUAX.

UroOBl CpaBHUTH MHTETPATbHYI0 HHTEHCUBHOCTH HccaenxyeMbix KM ITMB nmo nanaemM I19C ¢ HHTEHCUBHOCTBIO
JIOKaJbHBIX BO3MYIIEHUH 3JEKTPOHHONW KOHLIEHTpAIMH, ObUTH HCIIONB30BaHbl AaHHBIEe m3MepeHuid 119C Ha HazeM-
HbIX GPS-npueMHHKax, pacrnooKeHHBIX BOJIM3H OT HOHOC(EPHBIX CTAHIMH, U COOTBETCTBYIOIME 3HAYCHUSI KPH-
THYECKOH 9acToThl F-ciiost monochepsr foF2.

Jlyist BceX pacCMOTPEHHBIX CiIydaeB OblI0 oTMedeHo noaooue koiebanuit [13C u fyF2. [onydennsie cooTHoIE-
HHSI OTHOCHTENIbHOM aMIUIMTY/bI UCCIenyeMbIX Bo3MmylneHui mo ganueiM [19C (~15-20 %) u no nanubim foF2
(~40-50 %) moaTBepIUIM BHICKa3aHHOE B psie padoT (Hanpumep, [3]) npenrnonoxeHue 0 ToM, 4TO OCHOBHOW BKIIa]
B Monyisinuto [19C BHOCHT 00macth TommuHoi 150—200 kM B okpecTHOCTH MakcuMmyMa F-o0macti noHOChEpHI.
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An opening shot in a new chapter of remote sounding of the ionosphere is the development of the international
ground-based network of two-frequency receivers of the navigation GPS system. The GLOBDET technology for glob-
al detection and monitoring of ionospheric disturbances of natural and technogenic origin from measurements of total
electron content (TEC) variations acquired by the GPS network have being developed at the ISTP SD RAS [1].

The main problem of ionosphere investigation using transionospheric signals is the correspondence between
TEC variations and electron density disturbances caused by propagation of acoustic-gravity waves (AGWSs) of dif-
ferent origin (e.g. auroral effects, weather effects, earthquakes, explosions, rocket launches and etc.). To solve the
problem it is necessary to involve additional data from other probing tools: ionosondes, incoherent scatter radars.

In this work we chose large-scale traveling ionospheric disturbances (LS TIDs) detected during magnetic storms
on October 29-31, 2003 and November 7-11, 2004 as investigation objects. It is generally accepted that LS TIDs
represent the manifestation of AGWs whose generating regions lie in the auroral zones of the northern or southern
hemisphere [2]. Therefore, research on LS TIDs can provide important information about the processes occurring in
these zones under quiet and disturbed conditions.
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To compare the LS TIDs integral intensity with intensity of local electron density disturbances we used TEC
measurements from GPS-stations situated near ionosondes and corresponding ionospheric F-layer critical frequency
values fyF2.

TEC and foF2 variations were close for all considered LS TIDs. The obtained ratios of the relative amplitude of
considered disturbances according to the TEC data (~15-20 %) and electron density data (~40-50 %) have con-
firmed the early suggested assumption (for example [3]) about localization of the disturbances in the region of iono-
spheric F-layer with vertical size not more than 150-200 km.

HOBBI MOJAXO0J K MATEMATUYECKOMY MOJEJUPOBAHUIO SKBATOPUAJIBHOMN
NOHOC®EPBI

H.C. I'aBpwiiok, B.b. UBanos

HpxyTckuil rocyjapcTBeHHBIN yHUBEpCUTET, MIpKyTCK

ivb@ivb.baikal.ru

B TO Bpemst Kak OCHOBHBIE IIpoLeCcChl (HOPMHUPOBAHUS HOHOC(HEPHI JOCTATOYHO M3YYEHBI M IIPEICTABICHBI B BUIE
MoJIeNell peryisapHoi, «(hpOHOBOW» HOHOC(EPHI, Ha TIEPBBIN IUTaH BRIXOJUT HCCIICIOBAHUE W MOJICIHPOBAaHUE HECTa-
IIMOHAPHBIX U CHOPAIMIECKUX MporeccoB. [l HX MaTeMaTHYecKOTO ONMUCAHUs HEOOX0ANMO 3agaHue «(poHOBOW»
cpenbl Takke B (opMe MareMaTHueckoil Mozenu. Ecii B cpeqHEMIMPOTHON M BBICOKOIIMPOTHOH MOHOChepe aist
ONHCaHMUA MHOTHX IIPOIIECCOB OKAa3bIBACTCA JOCTATOYHBIM PACCMOTPEHHE OJHOMEPHOTO JBMKEHHUS 3apsDKEHHBIX
YaCTHI[ BJIOJIb T€OMAarHUTHBIX CHJIOBBIX JIMHHUI, TO B MOHOC(Epe HU3KUX MIUPOT MPOCTPAHCTBEHHAs JIByMEPHOCTH
NPUHLMITHAIEHO BaKHA. XOPOIIO U3BECTHO, B YACTHOCTH, YTO B JHEBHBIX YCIIOBUSIX BEPTHKAJIbHBIA NpoduIiIb MI0T-
HOCTH IIIa3Mbl (JOPMHUPYETCS C y4acTHEM TaK Ha3blBaeMOro GpoHTaH-3(G(eKTa, CBI3aHHOI'O C BEPTUKAIBHBIM APEii-
(oM 3apsiIOB B CKPEUICHHBIX JEKTPUUECKOM M MAarHUTHOM I10JI€ ¥ TOPU30HTAILHBIM OTTOKOM IUIa3Mbl BOJb Mar-
HUTHBIX JIWHUHA. HOYbi0 IMeeT MecTo 0OpaTHBIH AP PeKT.

B mpencrasisemoii pabote mpearaeTcsi METOJUKa NCKIIOUCHHUSI IPOCTPAHCTBEHHOM IByMEPHOCTH 3aMEHOW -
BEPICHIH TOPH30HTAIIBHBIX ITOTOKOB IUIa3Mbl (PUKTUBHBIMH UCTOYHHKAaMHU M CTOKaMH dacTHll. [loquepkHeM, 9To 3TO
JIeTTaeTCsl He ISl ONMCAHUS PETYIIIPHOM HOHOC(EPEHI, 8 TOJIBKO IS 3aJaHus 0a30BOM MoJenH, Ha (hoHE KOTOPOH pac-
CMaTpHBAIOTCs BO3MyIIeHHs1. Ha maHHOM 3Tare paccMOTPEHbI TOJIBKO YCIOBHS HOYHOW HU3KOIIMPOTHOW HOHOC(EPBHI.

W3 0600IIeHHBIX YKCIIEPUMEHTANBHBIX JaHHBIX (OPMHUPYETCS MOAENBHOE ONMcaHHe (B BHAE YETIMEHOBCKOTO
npoduIis) BEpTUKAIBLHOTO pacipeeieH st INIOTHOCTH M1a3Mbl. Ha ocHOBe aHann3a xapakrepa npoduiis B ero HHX-
Hel 4acTy, rjie TOpU3oHTANIbHAs TU(Qy3Us HECYLIECTBEHHA, ONPENEIISIOTCS NapaMeTpbl peKOMOMHAIIMOHHBIX TPO-
IIECCOB M MIPOLIECCOB BEPTUKAIBHOIO IepeHoca. Jlanee ompenernserca pasHOCTs Npo¢uiIell B OTCYTCTBUM U IPHUCYT-
CTBHMHM TOPH30HTANBHON nuddy3un, uMeromas MecTo B 001acTi MakCMMyMa U BO BHelLIHeil noHocgepe. Drta pas-
HOCTH TIPE/ICTaBIAETCS B BUE (QYHKIIHUHU OT BBICOTHI, 3aatommeit ko3dduiment auddysnn u xapakrepHslil Macmrad
TOPU30HTAIBHON HEOTHOPOAHOCTH. TakuM 00pa3oM AMBEPTEHIMS TOPU30HTANBHOrO AU((Y3HOHHOIO MOTOKA 3a-
MeHsIeTCsl QUKTUBHBIM HCTOYHUKOM 3apsHKEHHBIX YaCTHIL, TIPEJICTABIIEMBIM (DyHKIIMOHAIBHONW 3aBUCUMOCTEIO.

B nmanHOM moaxoze MaibHEHIINI aHAIM3 CBOAWTCS K PEIICHUIO OJHOMEPHOTO YpaBHEHHS HENPEPhIBHOCTH IS
KOHIIGHTPAIMU ¥ ITOTOKA IUIa3MBI C JOMOJHUTENBHBIM wieHoM f(z)N, mo dhopme cXomHBIM ¢ YIeHOM peKOMOHHALIK-
OHHBIX TOTeph YacThil 3(Z)N, HO IMEFOIINM MPOTHBOTIOIOKHbIN 3HAK (B HOYHBIX YCIIOBHSIX).

ON ©
—+—(NV)=f(z)N —B(z)N.
ot oz
Hpe):[naraeMaﬂ METOAHWKA JOBCIACHA O0 KOHerTHBIX YUCJICHHBIX pacquOB. Ee HUCIIOJIB30BAHUC ITIO3BOJIUJIO BBI-
SABUTb, B 4aCTHOCTH, BO3MOXKHOCTb YCHUJICHUSL BOSMYHIGHI/Iﬁ IIpyu UX PpaCpoOCTpaHCHUU CBCPXY BHHU3 B HOYHOMH dKBa-
TOpPIaJ'ILHOfI I/IOHOC(i)epG. Takas CHCI.II/I(I)I/I‘IéCKaH HGYCTOﬁQHBOCTB CBsA3aHa C MPUTOKOM IJIa3Mbl B HETIOCPEACTBECHHO

9KBAaTOPHAIILHYIO 30HY M3 IPHIISKAIINX 00J1acTell BepXHel 1 BHEIIHEH HOHOC(EphI.

HNPOCTPAHCTBEHHO-BPEMEHHAS TUHAMUKA OIINBOK NO3UITMOHUPOBAHUA
HA3EMHBIX IPUEMHHMKOB GPS BO BPEMSI BO3MYIIIEHUI OKOJIO3EMHOI'O
KOCMHNYECKOT' O TIPOCTPAHCTBA

HN.®. "'amawHoB, B.B. /lembsinoB

HpkyTckoe Bbiciliee BOGHHOE aBUAIIMOHHOE WHXKEHEpHOe yuunuiie, UpkyTck
gama@pochta.ru

SPACE-TIME DYNAMICS OF GPS RECEIVER POSITIONING ERRORS DURING THE
DISTURBANCES OF NEAR-EARTH SPACE

I.F. Gamayunov, V.V. Demyanov

KavecTBo (pyHKIMOHMPOBAHMS COBPEMEHHBIX CITyTHHKOBBIX paanoHaBurannoHHbix cucreM (CPHC) orpannue-
HO BJIMSIHHEM CPEZIbl OKOJI03eMHOTr0 KocMudeckoro npocrpanctBa (OKII). B ycaoBHAX reoMarHUTHBIX BO3M YILIEHUH
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CYIIIECTBEHHO TIPOSBIISACTCS HEPEryJspHas COCTaBISIONIAs IMOJHOTO 3JekTpoHHOro conepxkanus (I19C) B cpene
OKII n BO3HHKAIOT TPONOPITHOHATBHBIE QIIYKTyaIlK IpynmnoBoro (Gpa3zoBoro) 3ama3aslBaHusi, KOTOPHIE MOTYT BbI-
3bIBATh TIOSIBIICHHE JOTOJHUTEIBHBIX OTPEIIHOCTEH MO3UIIOHNPOBAHUS B OJJHOUACTOTHOM pexkume. Kpome storo,
AaKTHBU3UPYETCS MPOLIECC TeHEPauy HEOAHOPOJHOCTEH JIEKTPOHHOM KOHIIEHTPAMH PAa3HBIX MacIITaboB, KOTOPBIE
MOTYT BBI3BaTh (MIYKTYaIlMl aMIUTATYIB! M (a3pl curHanoB HaBuranuoHHBIX cnyTHHKOB (HC) B Touke mpuema. B
pe3ysIbTaTe BO3MOXKEH CPBIB CONPOBOX/ICHUS CHUI'HAIA OJHOTO WK Heckonbknx HC HaBUTAIMOHHOTO CO3BE3IUSI 11O
(aze (koay) Ha oxHOI M3 pabounx yacror CPHC u, kak crnencTBre, CHIXKEHUE TOYHOCTH OTIPEeIeHHUsI KOOpIUHAT.

[Ipu aHanu3e NaHHBIX 10 HECKOJIBKUM CHIIBHBIM MarHUTHBIM OypsiM (2000—2004 TT.) HAMH yCTaHOBJICHO, YTO Ha
psine GPS-cranmmii ceBepoamepHukaHCKOTO perroHa u Bocrounoi Cubupu HaOmI0Janoch pe3Koe BO3pacTaHHe
ommOky no3unuoHupoBanus (10 120-280 m). Kpome atoro, 1uist craHumi, pacnooKeHHbIX Ha BEICOKHX (9>50°) u
HU3KKX ((p<20°) mupoTax, B CpeAHEM UMEIOT MECTO 0oJiee BBICOKME 3HAYEHHsI OIIMOOK MO3UIIOHUPOBAHUS, YeEM Ha
CpelHHUX IIHMpOTax. BHIIO OOHApyXeHO TakXkKe, YTO 00JacTH, B NpEAeiax KOTOPBIX HaOII0JaloTCsl MOBBINICHHBIC
3HAYEHMS OMNOOK MO3UIMOHNPOBAHHMS, IEPEMEIIAIOTCS C TCUEHHEM BPEMEHH.

Jst monp3oBarenss CPHC BakHO 3HaTh NPOCTPAaHCTBEHHO-BPEMEHHYIO TUHAMHKY OIIMOOK HMO3HUIIMOHUPOBAHUS
Ha TEpHO]| PEACKAa3aHHOTO0 T€OMarHUTHOTO BO3MYIIECHNUS. B cBs3u ¢ 3TnM HaMu Obuta pa3paboTaHa METOAMKA IO-
CTPOCHHMS IEPUOJMIECKH OOHOBISIEMBIX KapT OMNOOK MO3UIHOHUPOBAHNS.

B kadecTBe MCXOAHBIX IAHHBIX HCIOIB3YIOTCS H3MEPEHUs, IOJydeHHBbIE HAa BceMHpHOH cetn GPS-cranmmi,
npezncraBieHHsle B Internet B popmare RINEX. Ha ocHOBaHWM 3THX AaHHBIX i Kaxmod 3 GPS-cranumii B 3a-
JJAHHOM pErMOHE 3eMHOTO LIapa HAMU PAaCCUMTHIBAIOTCS €€ KOOPAMHATHI B IPSIMOYTOJILHON TeOleHTPUYECKOI CH-
CTeMe KOOp/MHAT B TEKYIINil MOMEHT BpEMEHH. JTH KOOPANHATHI CPAaBHUBAIOTCS C 3apaHee 3BECTHBIMU TOUHBIMHU
KOOpJMHATaMH CTaHLUH U BBIYHCIISIOTCS. COOTBETCTBYIOIIME a0COIOTHBIE OTPELIHOCTH, a TaKkke o0mas chepuue-
cKkas (IPOCTPaHCTBEHHAsI) CpeJHEKBaJpaTHYHAsI OMIMOKa ONpEeJeTCHUs] MECTONooxeHus nanHod GPS-cranimm.
Takum 006pa3oM, B KaXKAblli MOMEHT BpeMEHU (pOpMUpyeTcs Habop JaHHBIX B (hOpMaTe «IIUPOTA, NOJITOTA, OLIHOKA
MO3UIIMOHNPOBAHUS, T.€. IIPEABAPHUTENIbHAS KapTa OMNOOK MO3UIIMOHUPOBAHNS Ul BBIOPAHHOTO PErHOHA (MM 1O
BCEMY 3eMHOMY mapy). [lockonbky miIoTHOCTH pasmemieHusi cetn GPS-cranmmii HepaBHOMEpHA, a MOJIB30BATENS
CPHC neoOxomumo obecrieunTs nHpopManuei 00 omudkax MO3UINOHUPOBAHMS B 000N TOYKE 3€MHOH MTOBEpX-
HOCTH, TpeOyeTCsl UCIIOIb30BaTh MPOCTPAHCTBEHHYIO MHTEPIIONANNIO HA HEPAaBHOMEPHOH CETH TOYEK (B AaHHOM
cilydqae y3JI0B MpEeABAPUTEIBHOW KapThl ONIMOOK IMO3MIMOHMPOBAHMSA) IJIS MOJTYYCHHS HEHNPEPHIBHOTO MPOCTPaH-
CTBEHHOTO TOJIS 3HAYCHUH OMMOOK MO3UIMOHUPOBAHMA. [yl 3TOH LeN HaMM MCIOJIB30BaH MAaTeMaTHIECKUI ar-
napar cepuyeckoro rapMOHHYECKOTO aHaJIu3a ¢ BLIOOPOM rapMOHHMK 110 HauOOJbLIEeMY BKIIATY.

Takum oOpa3om, pa3paboTaHHAsI HAMH METO/IMKA TT03BOJISIET HA OCHOBAHUH HCIIOJIb30BAHUS JJAHHBIX BCEMHPHOM
cetu GPS-cranumii popmMupoBaTh MPOCTPAHCTBEHHBIE KapThl PaCIpeeeHUs] OIMOOK MO3UIMOHUPOBAHUS B TIpe-
JieTiax OTpPe/IeNICHHOTO pErioHa 3eMHOTO 1Iapa C 3aJjaHHbIM BpeMeHeM OOHOBJICHHS.

Nowadays satellite radio navigation systems (SRNS) performance is limited with influence of the near space.
The irregular part of total electron content (TEC) in the near space becomes to be considerable and proportional
fluctuations of group (phase) delay appear, could cause an additional positioning error. Furthermore generation of
different scale electron density irregularities activates; such irregularities produce fluctuations of satellite signal am-
plitude and phase. Finally a slip of satellite signal tracking for one or more satellites is possible and positioning ac-
curacy decrease.

As a result of data analysis related to several magnetic storms we discovered that a steep increasing of position-
ing error (up to 120-280 m) was observed on a set of GPS sites in North America and East Siberia. Besides it was
noticed that positioning error values are averagely greater at the stations which are set at high (¢>50°) and at low
(9<20°) latitudes comparing to the ones in the mid latitudes. Moreover it was found that areas within greater posi-
tioning error values are being observed move eventually.

It is important for SRNS user to be aware of spatio-temporal dynamics of positioning error for the period of ge-
omagnetic storm forecasted. We created a method for positioning error maps constructing which can be periodically
refreshed.

The data obtained from worldwide GPS network and represented in RINEX format files in the Internet were
used as primary data. Using the data we estimated rectangular geocentric coordinates of each GPS receiver within
observed area every time moment. The estimated coordinates were compared to the precisely known ones for the
same site in order to found according absolute errors as well as a spherical (spatial) standard error of positioning for
the GPS-receiver. Thus, the data set with output data format “longitude, latitude, positioning error” (i.e. a previous
map of positioning errors) is formed every time moment for observed region (or the whole earth’s surface). GPS
network coverage is uneven but SRNS user requires to be provided with the positioning errors data at each point of
the Earth. Therefore spatial interpolation technique should be used at uneven grid (i.e. at nodes of the previous map
of positioning errors for our case) in order to obtain the continual two-dimensional field of positioning error values.
The spherical harmonic analysis technique completed with a choosing n-th harmonic procedure according to the
greatest influence criteria we used for this purpose.

Thus the method we have worked out allows to construct two-dimensional maps of positioning error distribution
with an assigned time period of refreshing using data of worldwide GPS network within a observed area or globally.
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YTOYHEHME KPUTHYECKUX YACTOT HOHOC®EPBHI 110 JAHHBIM
O MAKCHUMAJIBHO HABJIIOJAEMBIX YHACTOTAX JIBYXCKAYKOBOI'O
PACITPOCTPAHEHUSA JEKAMETPOBbBIX PAJNOBOJIH

B.A. T'oabirus, C.A. Kuncap, B.A. Ca:xxun

HpxyTckuil rocyjapcTBEHHBIN YHUBEPCUTET, MIpKyTCK
stealth1024@yahoo.com

ADJUSTMENT OF IONOSPHERE CUTOFF FREQUENCIES USING THE DATA ABOUT MAXIMUM
OBSERVED FREQUENCIES OF DOUBLE-SHOCK PROPAGATION OF DECAMETER WAVES

V.A. Golygin, S.A. Kinsar, V.l. Sazhin

BeImonHeHo pa3BUTHE METOMKU PETHOHATBHOW KOPPEKLUH CPeTHEMECSIYHOM HOHOC(EpHOI MOIENN Ha TEKYIIYIO
CUTYallMI0 N0 IaHHBIM HaONIOAEHMS 3a CHUTHAIAMH PENEpPHBIX paanocTaHiuid. Kpome CHrHamoB OJHOCKAadKOBBIX
PaIvOIMHAHN, WCTIONB3YEMBIX paHEe, BKIIOYEHBI TAK)KE CHIHAIBI U JABYXCKAYKOBBIX PaZHOTPacC. DTO CYIIECTBCHHO
pacmmpsieT Habop OMOPHBIX PATANOIMHHH, a CIIEIOBATENILHO, M 007aCTh MPUMEHIMOCTH METO/IHMKH.

VYToYHEeHHE KPUTHYECKUX 4acTOT HOHOc(hepsl foF2 s IByXCKauKOBBIX pagHOTpace BBIIOIHACTCS Ha OCHOBE
NpUOIMKEHHOTO OLIEHOYHOTO PEIIeHUsT 00paTHOH 3aady paclpoCTpaHeHHs CUTHAIOB. KOCBEHHBINH y4eT BIUSHUSA
Ha MakCHMaJIbHO HaOJI0JjaeMble YacTOTHI JBYXCKaukoBoro pacrnpocrpaHenus (MHY-2) ciygaifHbIX HOHOC(EPHBIX
HEO/IHOPOJHOCTEH U MIEPOXOBATOCTEH 36MHOM MOBEPXHOCTU B OOJACTH OTPa)kKEHHsl IIEPBOTO CUTHAJIA ITPOBOAUTCS
Ha OCHOBE PaBEHCTBA MAKCHMAaJIbHO IIPUMEHUMBIX 4acTOT IepBOro u Broporo ckaukoB (MITH-1 u MITY-2). MITY
paccuuThIBaeTCS B paMKax METOJA XapaKTePHCTHK Ul HOHOC(EPHBIX YCIOBHH, ONPEesieMbIX IOJIyIM THpHYec-
kot Mozensio UI'Y. B mensix cokpallleHus pu pacueTe Habopa BO3MOKHBIX CHUTHANOB M OTAEIBHBIX TPAeKTOPHUil
JUIS KOHKPETHBIX JJIMH IPUMEHSETCS CHEelHallbHO pa3paboTaHHAs METOJMKA. YTOYHEHHE KPUTHUECKHX YacTOT
BBITIOJTHACTCS B 00JIACTSAX OTPAKEHHS CUI'HAJIAa Ha IEPBOM M BTOPOM CKadKaX, TEOMETPHs KOTOPBIX ONPEICISIETCS U3
pacuera MHY-2.

Anpobanus ganHoit Meroauku yrounerus foF2 npoBezeHa mo JaHHBIM BBIMOIHEHHBIX paHee m3MepeHuin MITU
JIByXCKadKkoBoro pacmpoctpaHerns (MITY-2) Ha TpPOTSHKCHHOW CPETHEIIUPOTHOW paauONHHHUU. (s OICHKH
TOYHOCTH KOPPEKINH HMOHOC()EPHBIX YCIOBHHA C WCIOJIB30BAaHWEM PETEPHBIX JBYXCKAUYKOBBIX PATHOIUHUN
npoBenieHbl u3mMepenuss MHUY-2 Ha onOpHBIX pauOIMHUAX.

There was developed the method of the regional correction of monthly average ionosphere model at the current
situation by using results of observation of supporting radiostations’ signals. In addition to signals of one-jump radio
links which were used before, the signals of two-jumps radio lines are included. It substantially extends a set of
supporting radio links, and, hence, the area of application of the method.

Adjustment of ionosphere limiting frequencies foF2 for two-jumps radio lines is made based on the approximate
assessed solution of inverse problem of signals’ expansion. Indirect registration of influence of accidental
ionosphere heterogeneities and roughness of the Earth’s surface in the area of reflection of the first signal on
maximum observed frequencies of two-jump expansion (lowest observed frequency-2) is made based on equality of
maximum applied frequencies of the first and second jump (limiting frequencies-1 u limiting frequencies-2).
Limiting frequencies is calculated in the framework of the method of characteristics for ionosphere conditions
defined by semiempirical model of the ISU. A specially developed method is used in order to decrease a set of
possible signals and separate trajectories for certain lengths during calculation. Adjustment of limiting frequencies is
made in the areas of signal reflection at the first and second jumps, which geometry is defined by calculating lowest
observed frequency-2.

Approbation of this adjustment method f,F2 is made based on data of limiting frequencies two-jumps
propagation (limiting frequencies-2) measurement on long middle latitudinal line, performed earlier. The
measurements of lowest observed frequency-2 on supporting radio lines were made in order to evaluate the accuracy
of correction of ionosphere conditions with the help of supporting two-jumps radio lines.

O MNOJIYYEHUU NEPEJATOYHOM ®YHKIMU [TOJIOCOBOI'O ®UJILTPA JIUM-UOHO30HJIA
M.A. laBbIIEHKO

AT'YII Cubupckas reopusuueckas naptus, Upkyrck
davydenko@iszf.irk.ru

ABOUT CHIRP-SOUNDER BANDPASS FILTER TRANSFER FUNCTION RECONSTRUCTION
M.A. Davydenko
B pa6ore [1] npeanmaraeTcst HOBBIN METO[ MOIyYEHHS MIEPEAATOYHON (DYHKIIMH HOHOC(HEPHOTO pagroKaHaia pu

30HANPOBAaHUH cpeasl HenpepblBHBIM JIYUM-curaanom. CyTh TaHHOTO METOJIa 3aKJII0YAeTCs B MCIIOIB30BAHUH JO-
MOJIHUTENBHOTO KOppeKTupyomiero mudposoro ¢guibrpa ¢ 3aganasiMu AUX n @UX mi1st 06paboTKH pa3sHOCTHOTO
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curnana JIYM-nonosnna. Kak mokazano B [1], HEOOXOIUMBIM YCIOBHEM IS CO3AAHMS KOPPEKTHPYIOIIETo (GpribTpa
SIBIIIETCS 3HAHUE mepenarodnolt pynkmun HY-skBuBanenTa monocooro ¢puibtpa (I1D) JITYM-npuemunka. Takum
o0pazom, Bcraet 3amada nmomydeHust AUX u @YX manroro ¢rmstpa. s nmoxydeHus nepegarogHoit gpyakumn HU-sk-
BuBasieHTa [1® MOryT OBITH NMPHUMEHEHBI HECKOIBKO METOIOB, OJHAKO Ul aBTOpa OBLIO MHTEPECHO HCIIONB30BATh
METO]l, OCHOBaHHBIH Ha Ipe/iIaraeMoM B [ 1] moaxoze K MoTydeHnIo epeAaTOYHON (GYHKITIH HCCIEAYEMOTo KaHama.
CyThb mpearaeMoro MeToja 3aKiodaeTcs B cieayiomeM. Ha Bxon mpuemnoro yctpoiicta JIUM-noHo30HA2
nojaeTcst rapMoHnueckuii curnan S, (t) =cos(mt) . B mpueMHHKE OH IEPEeMHOXKACTCS C CHUTHAIOM TeTepOJMHA

s, (t) = cos(w,t + 0.58t?), rue (g — Ha4YaJpbHasl 4acTOTa paboThI FeTepOaNHA; B — CKOPOCTh H3MEHEHHUS ITUKINYECKOIT

4acTOThl. B pe3yibTare noiaydaeTcss cMech pPa3HOCTHOM U CyMMapHON KOMIIOHEHT, noctynatomas Ha [1d. Yacrora
TrapMOHMKHU % BBIOMpaeTcsl TakuM o0pa3oM, 4ToObl B nonocy npomyckanus 11d AF momanana Tonbko pazHOCTHAs
KOMIIOHEHTa, a CyMMapHas nojaasisuiace. CurHan Ha Beixoze [1® perumcrpupyerTcss M moaBepraercs AajlbHeHmei

obpabotke. PasnocTubiii curnan na exoge @ ects JTUM-curnan s, (t) = cos((w, —my)t —0.5Bt), ckopocTh m3Me-

HEHHA YaCTOTBI KOTOPOTO PaBHA IO MOIYJIO U MPOTUBOIIOJNIOKHA MO 3HAKY CKOPOCTH M3MEHEHHS YacCTOTBI I'eTepo-
JVHA, @ HadaJIbHas 9acToTa — Pa3HOCTh YacTOTHl TAPMOHUKH M HAYAIBHON YaCTOTHI TeTepOANHA. TakuM oOpazom,
curHan Ha BbIXoge [I® — oTknmk momocoBoro ¢umibTpa Ha Hekuit JIUYM-curman, T.e. mpoumcxomutr JIUM-
souaupoBanue [1®. 1 cregoBaTensHO, Ui mOTydeHHs nepeaatouyHor GyHKun [1d moxet OBITH MCIONB30BaHA C
HEKOTOPBIMU M3MEHEHUSIMHU METOIUKA, MpeioKeHHas B [1].

Pe3ysbTaThl YNCIEHHOTO HKCIIEPUMEHTA NOKA3aJId, YTO JaHHAsi METOMKA MOXKET ObITh UCIIOJIb30BaHA Ha MpaK-
Tuke. B noxnazne nemoHcTpupyeTcs nepenatouHas GyHkius HY-sksuBanenta I1®, mosmydeHnHas Juis nmpueMHHKA
JIYM-nono3onna UC3® CO PAH. [TokasbiBaeTcst Xopolliee COBNAZCHUE C MapaMeTpaMu NepeaTouHoi QyHKIMY,
MOJY4YEeHHBIMU IPYTHM METOAOM.
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In [1] the new method of ionosferic radio channel transfer function reconstruction is offered at FMCW sounding. The
method essence consists in processing differential chirp signal by an additional correcting digital filter with set transfer
function for. As shown in [1] the knowledge of LF-equivalent of the bandpass filter (BF) the chirp-receiver transfer func-
tion is necessary condition for the correcting filter creation. Thus there is a problem of BF transfer function reconstruction.
Some methods can be used for LF-equivalent BF transfer function reception, however, for the author it was interesting to
use the approach based on offered in [1] approach to the investigated channel transfer function reconstruction.

The essence of an offered method consists in the following. The harmonious signal s,(t) =cos(emt) supplies the

reception device chirp-sounder input. In the receiver it is multiplied with a oscillator signal s, (t) = cos(cogt+0.5[3t2),

here oy is the oscillator initial frequency, 8 is the chirp sweep speed. On out we receive a mix differential and sum a
component, passing BF. Harmonic frequency gets out so that in passband BF AF got only differential component,
and sum component suppressed. The BF output signal is registered and exposed to the further processing. The dif-
ferential signal on input BF is the chirp signal s, (t) = cos((e, — w, )t—0.56t%) for which the rate of frequency chan-
ge is equal on the module and is opposite on a sign to the rate of frequency change of the oscillator, and initial fre-
quency is difference of harmonic frequency and initial oscillator frequency. Thus, the BF output is the response of
the BF to a certain chirp signal, i.e. there is BF chirp-sounding. And, hence, the technique offered in [1] can be used
for BF transfer function reception.

Results of numerical experiment have shown, that the technique can be used in practice. In the report the transfer
function of LF-equivalent BF reconstructed for chirp-sounder receiver is shown. Good concurrence to parameters of
transfer function received by other method shows.

JIMATHOCTUKA TAPAMETPOB CJIYUYAWMHBIX HIOHOC®EPHBIX HEOJHOPOJHOCTEMN HA
TPACCE HAKJIOHHOT'O 30HAUPOBAHUA
A.A. Kxensnix, H.T. Apanacben
HWU Tlpuxnaguoit pusuxku UT'Y, UpkyTck
nta@api.isu.ru
DIAGNOSTICS OF PARAMETERS OF RANDOM IONOSPHERIC IRREGULARITIES ON AN
OBLIQUE RADIO SOUNDING PATH
A.A. Zhzhenykh, N.T. Afanasiev

JluarnocTuka ciry4aiiHO-HEOXHOPOIHON CTPYKTYpPBhI HOHOC(EPHI SIBISETCS TOCTATOYHO CIIOXHOM 3amadell. OTo
CBSI3aHO B IIEPBYIO OYEPE/b C TPYAHOCTSIMHU PEIICHHsI 0OpaTHOW 3a/1a4M PacpoCTpaHEHHs PaJHOBOJIH B HOHOChepe
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B NIPUCYTCTBUM CIYYAiHBIX (IYKTyallyi 3JIEKTPOHHONH KOHLEHTPALMH CPE’bl, TaK KaKk B OOJBILIMHCTBE CIydYaeB
00paTUTh ypaBHEHMS UL pacyeTa XapaKTePHCTHK PAIMOBOJH C YYETOM BIUSHUS CIy4alHBIX HOHOC(HEPHBIX HEO -
HOPOJHOCTEH He MPEeCTaBIIAETCS BO3MOXKHEIM. TeM He MeHee Ul pelleHHs] 00paTHOH 3aJa4n ONpeesICHHUs Tapa-
METPOB HEOJHOPOJHOCTEH OKa3aJoCh BOSMOXKHBIM HCIIONB30BAaTh BBIPAKCHUS, TOJyYCHHBIC B PaMKax MpPUOIIMKe-
HHS TEOMETPHYECKON ONTHKH I PEIICHUS MPSAMOH 3a/1auyl pacIpoCTpaHEeHHs PaIHoOBOJIH B HOHOChEpe cOo Cirydaid-
HBIMH HEOTHOPOJHOCTSIMH, 3aTIOTHSAIONIMMH BCIO €€ TOJIIY (CM., Harpumep, [1]).

B nokiane mpencraBieHbl METOJUKH ONPENENICHNsT PaaHopHU3NIECKUX MMapaMeTPOB TOHKOH CTPYKTYpBl MOHO-
cepsl IO U3MEPsIEMBbIM Ha HAKJIOHHOHM Tpacce CTaTUCTUYECKUM XapaKTEPUCTHKAM paJOCHTHajIa Ha OCHOBE pa3pa-
0OTaHHOTO YHCIICHHO-aCUMITOTHYECKOI0 METOJIa pacueTa CTAaTUCTUYECKUX XapaKTEPHCTHK KOPOTKHX PajHOBOJIH
Ha HaKJIOHHBIX Tpaccax B CIy4allHO-HEOJHOPOIHOM HOHOC(hEpE CO CIIOKHOM peryispHoi cTpykTypoil. KonnuectBo
OTpeieIsIEMBbIX TAPaMETPOB 3aBUCUT OT KOJIMYECTBA U ITOJTHOTHI U3MEPEHUI.

[Mpocreiimmii BapHaHT METOANKHU TO3BOJISIET ONPEACIATh YACIbHYI0 HHTEHCUBHOCTh HOHOC(EPHBIX HEOAHOPO II-
HOCTel, 3aJ1aBaeMyI0 KaK OTHOIICHHE HX OTHOCHUTEIFHOH HHTCHCHBHOCTH K BEpTHKaIbHOMY MacmITaly. [Ipu sTom B
KauecTBEe BXOIHBIX IAPaMETPOB HCIIONB3YIOTCS M3MEpPCHHBIC HA HAKJIOHHOH KOPOTKOBOJHOBOW Tpacce 3HAYCHUS
JHCIIEPCHH JIMO0 BEPTUKAJIBHOTO, JIMOO a3MMYTaJBHOTO yIila NMPUXOAa pPAIUOBONHBL. MeTOomUKa OmpeneneHus
yIOETIBHONH MHTEHCUBHOCTH TAaKXKe MOXKET HCIIOJIB30BaTh JaHHBIC O MPEBBHINICHHH MaKCHMaJbHO-HaOII0qaeMoi da-
crotsl (MHY) Hag MakcumansHO-TIpuMeHIMO# yactoToit (MITH) 6o mapamMeTpsl crajga HHTEHCHBHOCTH BOJTHOBO-
rO NOJIS B YCIOBHAX PajHo3axola, Korja HaOMonaTellb NONaaacT B 30Hy PEryIspHON TCHH MCTOYHHMKA H3JTYYCHUS
(pu 3TOM, 3a CYeT CiIydailHbIX HEOJHOPOAHOCTEH HMOHOC(EPHI, Claj BOJIHOBOTO IOJS B 30HY TEHU MPOUCXOAUT
nocTeneHHo). Mcnonp3oBaHue U3MepeHUit JUCIIEPCHH BEPTUKAIBHOTO MM a3UMYTaJBHOTO YIJIOB MPHXOJa B 1Ba
OJIM3KUX MOMEHTA BPEMCHU ITO3BOJIACT ONPCACIIATH, TIOMUMO yHeHLHOf/lI MHTCHCUBHOCTH, TAK)XXC U CTCIICHb aHU30-
TPONMHU HEOAHOPOJHOCTEH B TPOJOJILHOM M IOIEPEYHOM Tpacce HampasieHHsx. PazpaboTaHa Takke METOIMKa
OIIpe/IeIeHUsI TTOJTHOTO Habopa mapaMeTpoB KOPPESIHUOHHOTO 3JUIMIICOMIA HEOHOPOIHOCTEH, T.€. UX UHTEHCHUB-
HOCTH M MAacIITa0OB B TPEX HAINPABICHHUSIX, B MPEIIOJIOKECHUH, YTO HEOJHOPOJHOCTH BBITSHYTHI BIOJb CHIIOBBIX
JIMHUH MarHATHOTO mouis 3emud. J[iis peanusaniy 9Toil METOAUKH TPeOYIOTCS U3MEPEHHUs TUCIIEPCHI a3uMyTallb-
HOTO ¥ BEPTHKAIBHOTO YIJIOB MPUXOJa ¥ JUCIEPCHH (a3bl IPHHUMAEMOTO PaIHOCHTHANA B JIBa IIOCICIOBATEIbHBIX
MOMEHTA BPEMEHH.

C uenpro anpoOanyy METOAUK, IOMUMO PAacyeTOB yIeIbHON MHTEHCHBHOCTH U CTEIICHH aHM30TPOIIMH HEOIHO-
poxHOCTe, NpOBeNeHHBIX B [1], paccunTaHa «yIeibHas» HHTEHCUBHOCTh HEOJTHOPOIHOCTEH B YCIOBHSAX SKCIICPH-
MeHTa, poBeaeHHoro B Mapte 2001 r. Ha Haknmounoit Tpacce CHU (Orrasa)—Millstone Hill [2].
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Diagnostics of the randomly inhomogeneous structure of the ionosphere is a quite difficult problem. It mainly
comes from difficulties of solving the inverse problem of radio wave propagation in the ionosphere with the pres-
ence of the random fluctuations of electron density of the medium because, in most cases, it is impossible to invert
equations for calculation of radio wave characteristics with taking into account the effects of the random ionospheric
irregularities. Nevertheless, for the purpose of solving the inverse problem of determination of the irregularity pa-
rameters, it was found to be possible to use the expressions that were derived in the terms of approximation of geo-
metrical optics for solving the direct problem of radio wave propagation in the ionosphere with uniformly spread
random irregularities (see [1], for example).

In this presentation, on the basis of the developed numerically-asymptotical method for calculation of statistical
characteristics of high frequency radio waves on oblique paths in the randomly inhomogeneous ionosphere with the
complex regular structure, the techniques for determination of radiophysical parameters of the ionospheric fine
structure from the statistical characteristics of radio signal measured on an oblique path are shown. The number of
derived parameters depends on the quantity of measurements.

The simplest variant of the technique allows determining the "specific" intensity of ionospheric irregularities that
is defined as the ratio of the relative intensity of irregularities to their vertical scale. In this case, the values of vari-
ance of either vertical or azimuth angle of radio wave arrival measured on an oblique high frequency path are used
as the input parameters. The technique of determining the "specific" intensity also can use the data on the excess of
maximum observed frequency (MOF) over maximum usable frequency (MUF), or parameters of the attenuation of
the wave field intensity under conditions of the radioset, when an observer gets to the zone of the regular shadow of
the radiation source (in this case, due to the random ionospheric irregularities, the attenuation of the wave field to
the skip zone goes gradually). The use of the measurements of variance of vertical or azimuth angle of radio wave
arrival at the two close instants allows determining, in addition to the "specific" intensity, the degree of anisotropy
of irregularities in the longitudinal and transversal directions (in terms of the path). We also develop the technique
for determining the full set of parameters of the correlation ellipsoid of irregularities, i.e. the intensity and scales in
three directions, in the assumption that the irregularities aligned along the Earth’s magnetic field. Measurements of
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the variance of azimuth and vertical angle of radio wave arrival as well as the variance of phase of received signal at
two consecutive instants are required for realization of this technique.

For the purpose of approbation of the techniques, in addition to calculations of the "specific" intensity and de-
gree of anisotropy of irregularities made in [1], the "specific" intensity of irregularities under conditions of the ex-
periment, which was carried out in March 2001 on the oblique path CHU(Ottawa)-Millstone Hill [2], is calculated.

JUHAMUKA KPYITHOMACHITABHBIX IEPEMEIIAIOIIUXCS NHOHOC®EPHBIX
BO3MYIIEHUA ABPOPAJIBHOI'O TPOUCXOXKIEHUS. PEAKIIUSI HA BHE3ATTHOE
HAYAJIO MATHUTHOM BYPH 29 OKTSIBPS 2003 .

"M.B. Kusernes °B.B. Kupromkun

1I/IHCTI/ITyT KOCMO(M3NIECKHUX HCCIIEAOBAaHMN 1 pactpocTpaneHus paguosonH [IBO PAH, Kamuarckas o6,
EnusoBckuii paiion, 1. [TapatyHka,
*UuctuTyT conHedno-3emuoi dusukn CO PAH, MpkyTck
zhiv@ikir.kamchatka.ru

THE DYNAMICS OF LARGE-SCALE TRAVELING IONOSPHERIC DISTURBANCES OF AURO-
RAL ORIGIN. RESPONSE ON THE SUDDEN STORM COMMENCEMENT OF THE MAGNETIC
STORM ON OCTOBER 29, 2003

'L.V. Zhivet’ev,’V.V. Kiryushkin

W3ydeHnto KpymHOMACITAOHBIX MepeMermatommxcs noHocepHox Bo3mymenuit (KMIINB) ¢ xapakrepHBIMU
BpeMEHHBIMH meproaaMu 1-2 9 u mumHamu BosrH 1000-2000 kM mocBsAIeHo MHOTO paboT. CHuTaeTcs yCTaHOBIICH-
HbIM, uT0 KMIIVB SBISTIOTCS IPOSIBICHUEM aKyCTHKO-TPaBUTAIIMOHHEIX BOJH (AI'B), o6macTu reHepauu KOTOPBIX
HaxoZsTCsl B aBpopasbHbIX 30HaX CeBepHoro u FOxHOTo momymapuii. OgHaKO 10 CHX MOP HET JOCTaTOYHO JIOC-
TOBEPHBIX AKCIIEPUMEHTAIBHBIX JaHHBIX, MO3BOIOMHNX mocTponTh Moaens KMIIWB, u g dopMupoBanus Ham-
Oonee nonHOM KapTHHB ArHaMUKH KMITVB HeoOxommumo 6obinee KOMHIeCTBO CTATUCTHYCCKIX TAHHBIX.

HoBble BO3MOXHOCTH IJIsi JETNLHOTO HM3yueHHsi ocHOBHBIX cBoiicTB KMIIMB mpenocraBnsier rioGanbHas
HaBHranuoHHas cucrema GPS 1 co3naHHas Ha ee OCHOBE MUPOBAsi CETh JIByXUaCTOTHBIX MHOTOKAHAJBHBIX TPHEM-
HukoB GPS.

B NC3® CO PAH paszpaboTtana TeXHOJIOTHS TI100aTbHOTO AETEKTUPOBAHUS U MOHUTOPHHTA BO3MYIIIEHUM TI0JI-
Horo snekTponHoro conepxanus (II3C) B noHocdepe Ha OCHOBE 0OPaOOTKH JAHHBIX TI00ATBHON CETH MpHUEM-
HHUKOB HaBUraliMoHHOU cucteMbl GPS. Dra ceTh ucnonb3yercs kak Oombiias (azupoBaHHAs aHTEHHAs PEeLIeTKa HITH
riobanbHeId GPS-neTekTop, OTIMYalonMicst OT paHee M3BECTHBIX CPEJICTB PAJANO30HIMPOBAHHS MOHOC(HEPH He-
NPEPBIBHOCTHIO HAOMIOJICHUH, BBICOKOH UyBCTBHTEJIHFHOCTBIO M IMPOCTPAHCTBEHHO-BPEMEHHBIM pa3pellieHHEM, a
TaKKe TEXHOJIOTUYHOCTHIO 00pabOTKN TaHHBIX.

Lenpro HacTosmel paboTH ABISETCS MCCIeq0BaHNE OCHOBHBIX cBoiicTB KMIIMB aBpopaisHOTO IpOHCXOXKIe-
HUA 110 qaHHBEIM GPS-cTaHImii Bo BpeMsi 000 MarHUTHOH Oypu 29 oxtsaops 2003 .

Jus anammsa xapakrepuctuk KMITMB u3 Becero mepeunss GPS-cTanmuii, JaHHBIE KOTOPBIX MPEIOCTABISIOTCS B
Internet, 6p11M CHOPMHUPOBAHBI YETHIPE MEPUIUOHATILHBIC IIETIOUKH: €BpOMEiicKas, a3uaTckasi, 3anagHo-aMepUKaHC-
Kasg M BOCTOYHO-aMepHKaHckas. Kpome Toro, B paboTe MCHOJB30BaHBI JaHHBIE KaMUYaTCKONH PETHOHANBHOM CeTH
cranimii GPS. Beero monmyunsock nste nenodek GPS-craHIuii, pacrosioKeHHbIX TaKMM 00pa3oM, 4TO BO BpeMs
T€OMAarHUTHBIX BO3MYIICHNH YacTh ITHX IETI0YEK OKa3hIBAeTCA B HOYHOM, a JIpyras — B JHEBHOM cekropax Cesep-
HOTO TIOJTyIIapHs.

B pabore mokaszaHo, 4To MOMEHT Hadasa Bo3MymnieHus [19C 3ama3apiBaeT OT MOMEHTa BHE3AITHOTO Hadasa Oypu
Ha 10-30 MHH B 3aBHCHMOCTH OT PErMOHa PerucTpanuy. Bo3MyIieHHs HOCAT XapakTep KPYHMHOMACIITaOHBIX BOJIH
YEIUHEHHOr0 THUIA C JJIUTEIbHOCTBIO MOpsAAKa | 4, KOTOpBIE pacIpOCTPAHSAIOTCS B AKBATOPHAIbHOM HAIpaBICHUU
OT MCTOYHHKA, PACIIOJIOKEHHOTO B aBPOpaIbHOM 30HE, cO cKopocThio oT 700 o 1500 m/c.

Many studies are dedicated to studying large-scale traveling ionospheric disturbances (LSTIDs) with typical pe-
riods of 1-2 h and wavelengths of 1000-2000 km. It is considered established that LSTIDs are a manifestation of
acoustic gravity waves (AGWs), which are generated in the auroral regions of the Northern and Southern hemi-
spheres. However, sufficiently reliable experimental data, which make it possible to create a LSTID model, are still
absent. A large quantity of statistical data is required to form a complete picture of LSTIDs’ dynamics.

The GPS global navigational system and the worldwide network of two-frequency multi-channel GPS receivers
give new opportunities for a more detailed investigation of LSTIDs’ main properties.

In ISZF SB RAS a technology of global detection and monitoring of disturbances of the total electron content
(TEC) in the ionosphere was developed on the basis of data processing from the global network of GPS receivers.
This network is used as a large phased array or global GPS detector, which differs from the earlier means of iono-
sphere radiosounding by observation continuity, high sensitivity, temporal-spatial resolution and also by technologi-
cal effectiveness of data processing.
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The aim of the present research is to study the main characteristics of LSTIDs of auroral origin on the data of
GPS stations during the strong magnetic storm on October 29, 2003.

From the whole list of GPS stations, which place their data in Internet, four “meridional chains” were formed for
the analysis of LSTIDs’ characteristics, they are: European, Asian, West-American and East-American. Moreover,
the data of Kamchatka regional network of stationary receiving GPS stations were also used. Altogether there are
five chains of GPS stations, located so that during a geomagnetic disturbance some of these chains would be in the
night sector and the other ones would be in the day sector of the Northern hemisphere.

It is shown in the paper that the initial moment of the disturbance of total electron content lags 10 to 30 minutes
the moment of the SSC regarding the registration region. The disturbances have the characteristics of large-scale
solitary waves with the duration of the order 1 hour. The waves propagated equatorward from the source located in
the auroral region at a velocity from 500 to 1000 m/s.

HCCJIEJJOBAHUE CJABBIX HEPEMEIIAOIUXCS NOHOC®EPHBIX BO3MYIIIEHUI
B.A. UBanos, JI.B. UBanoB, A.P. JlameBckuii

Mapuiickuii rocyapcTBeHHbII TeXHIUeCKHi yHuBepcuTet, Momkap-Omna, Pecry6mnka Mapuit D11
dvi@marstu.mari.ru

Llenbro paboTHI SBIISIETCS pa3paboTKa METO/Ia ONPE/IeNICHUs TTApaMeTPOB HEPETYISIPHON CTPYKTYPbl HOHOC(EPHI:
10 BEIMYMHE AUCIEPCUOHHBIX HCKAXKEHUH ITUPOKOIIOIOCHBIX paJiiOKaHAJIOB.

OCHOBHBIMU JUTSl KaHalla pacnpoctpaHeHus ssistorcst ero ummyibcHas h(t) (MX) u aucnepcuonnas t(f) (IX)
XapaKTepUCTUKHU:

h(t) =i j Ho, (f)exp(—ip, (f))exp(i2nft)df , 1)
t,(f)=do, /2ndf , @)

rae Hoj(f) — AUX xanmana, obpasosannoro j-m mydom; ¢j(f) — ®UX kanama, o6paszoBaHHOTO J-M ITydoMm; B — momoca
YaCTOT paHoKaHaa.

B cnyuae mocrosinuoit IX u AUX B monoce kanana, UX j-oro iyga uMeeT BULI:
IsineB(t—7;(f,))|
|mBt—1;(f,)]

Ecmu JIX He siBisieTcst mOCTOSIHHOM, TO X MOXXHO MPECTaBUTh B BUIAC (DOPMYJIBI

Ih; @) =\/£M[{c(xz)+(:(xl)}2+{S(x2)+S(X1)}2J °s,
2 2\/@

Ih; )], = Ho; (f,)B

__2 _
rae C(X), S(X) — unrterpanst ®penens, X, = RW[RBY(D m (t 7 ( fp))J :

Haiinem MakcumanbHbie 3HAYCHUS LTS |h i (t)|1 u |h i (t)|2 , 4 3aTeM OTHOIICHHE JUIS HUX. B pe3ysbraTe monyunum:

)L _ [C00+8%00 |y 2y()B.

1h(t;)k x*

Ecnu npuumbodi wusmenenuit ¢yukuuu y(t) sBustorcss [IMB, To ee MOXHO TPEICTaBUTh B BHJIE:

f
y(t) =7, cos[Q(t— kvp)] , e k = h /[ fp — xosppunment, cBsA3BIBAIOMNI BHICOTY ¢ pabodeil 4acTOTON 30HAUPYIO-

1ieil BoJHbL, {2 — yacToTa NepeMeIIaloIIerocs BO3MyIleH s, V — BepTHKaIbHasi CKOPOCTh MepeMEIIeH s BO3MYIIIe-
HUSL.

W3mepsist iepro/| ero BapHalyii U pasHocTh Ga3 Ad Mexay M3MEHEHHSIMH Ha JBYX Pab0Oo4uX 4acTOTax MOKHO

OLICHUTh MacIITad U BEPTUKAIBHYIO CKOPOCTh NEpEeMEIIeHHs BO3MYILICHUS:
Vv =Qk(fP2_ fPl) U Lzﬂ.
Ad

B xoxe HaTypHOro skcrnepuMeHTa, KOTOPBIA IpoBoauics ¢ nomoinbio JIYM-noHo3oH1a Ha Tpacce MpkyTck—
Houkap-Ona 11.03.2004 6eum 3adukcuposansl IIMB co crenyromumu napamerpamu: AN / N = 0.1, V=15 m/c u
L=54 kM.

Takum o6pazom, pa3pabotan MeTos onpeaeneHus napamerpos [1MB ¢ ncnons3oBanuem 3¢ ekra KOMIIEHCAUN
JIICTIEPCHOHHBIX MCKAKCHWH B IMUPOKOIIOJIOCHBIX MOHOC(EPHBIX pannokaHanax ¢ mojocoid 1 MIm. Ilposemens!
yCIIeIIHbIE HATypHbIE SKCIIEPUMEHTHI 110 alpoOalii HOBOTO METO/Ia.

Pabora BeinonHeHa npu nogaepxke PODU (mpoektsr: 04-05-65120, 05-07-90313).
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INVESTIGATION OF WEAK MOVING IONOSPHERIC DISTURBANCIES
V.A. lvanov, D.V. Ivanov, A.R. Lashchevskiy

The work purpose is to develop the method of the parameters determination irregular structure of the ionosphere
in size of the dispersion distortions of the broadband radio channels.

Main characteristics of the channel of propagation are its pulse h(t) and dispersion z(f) characteristics:

hm:iTrmﬁmmemu»wmmmm, (1)
=l fp
t,(f)=de, /2ndf , )

where Hg;(f) — amplitude-frequency characteristic of channel, formed by ray with number j; ¢;(f) — phase-frequency
variation of channel, formed by ray with number j; B —a band of the frequencies of the radio channel.
When dispersion and amplitude-frequency characteristics are constants in band of the channel, pulse characteris-
tic of ray with number j is of the form of:
|hj(t)| _ Hoj(fp)BlsmnB(t rJ(fp))|.
' |nB(t—7;(f))l

If dispersion characteristic is not constant, that pulse characteristic possible present in the manner of formula:
T |H0]| 2 2| o5
h: (1) =)= =] {C(X,)+C(X)} +{S(X,)+S(X ~
Iyt \fzm[{(z) (XOF +{8(X,)+ (X))} |
2

where C(X), S(X) — an Frenel integrals, X, , :—[ By(t)m(t—rj(fp))] .

ny(t)

We shall find maximum importances for |h; (t)|1 and |h; (t)|2 , and then attitude for them. As a result we shall get:

[Tk [C*()+S%(%) where x =/2y(t)B.
|hj(Tj)|1 S |

If reason of the change of function y(t) is moving ionospheric disturbances, that its possible present in the man-

ner of: y(t)=1v, COS[Q(t—k%)] , where k = h / f, — a coefficient, linking height with work frequency of sounding

wave, Q — a moving disturbance frequency, V — a vertical velocity of the moving disturbance.
Measuring period its variations, and difference of the phases A¢ between change on two workers frequency pos-
sible to value the scale and vertical velocity of moving of the disturbance:

v = K (fep — fp) and L:%_

In the course of natural experiment, which was conducted by means of chirp sounder on route Irkutsk - Yoshkar-
Ola 11.03.2004 were fixed moving ionospheric disturbances with the following parameters: AN/ N = 0.1, V=15 m/s
u L=54 km.

In that way the method of the parameters determination of moving ionospheric disturbances with use the effect
to compensations of the dispersion distortion in broadband ionospheric radio channels with band 1 MHz is designed.
The successful natural experiments on approbations of the new method are organized.

Work is executed at support RFFI (the projects: 04-05-65120, 05-07-90313).

OI'PAHUYEHUS HA BEJIMUMHY CKAYKA U CKOPOCTb NEPECTPOMKH YACTOTHI
N3-3A PACITPOCTPAHEHUSA CUTHAJIOB C IIITPY B TUCITEPCHBIX KB-PAJITMOKAHAJIAX

J1.B. UBanoB

Mapuiickuii rocyapcTBeHHbII TeXHHUecKHil yHuBepeuter, Momkap-Ona, Pecrry6nka Mapuit D1
vai@marstu.mari.ru

Lenpto paboThI SIBISIOTCS TEOPETHYECKHE W HKCIIEPUMEHTAIBHbBIE NCCIIEIOBAHHUS YHEPreTHYECKUX MOTEPh JUIS
curraioB c [1ITPY u3-3a ux pacnpocTpaHeHHs1 B HOHOC(EPHBIX KBa3HCTalMOHAPHBIX KaHaJaX ¢ YaCTOTHOM JucHep-
cuelt dassl.

1. Mogenb HeCTAMOHAPHOTO HOHOC(EPHOT0 PaOKAHAJIA

PaccMoTpHM B JIydeBOM HPHOMIDKEHUH JUIS 3aJaHHOM paJMOJIMHAM paJuoKaHan Ha Jactote f, (paboueit), momo-
ca IpomycKaHHus KOToporo Af orpaHuvmBaeTcs KaHAIO00pasyOLMMH yCTpOiicTBaMH (MepelaTInkoM U IPHEMHHU-
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koM). O6brano Af << fp, mostomy: Ho;(f)~H,;(fp), ¢;(f)=;(f)+2rt;(f,)Af +7s;(f,)Af %, Tae j — Homep
MPUHUIMAEMOT0 JTy4a.

31eck TpeThe ciaraeMoe B pas3iokeHHH (a3bl YUUTHIBAET AUCIIEPCHOHHBIE HCKaXKeHus. B ciydae kBazucranuo-
HApHOTO KaHana Jisi HeOOoJIbIINX MacIITaboB BpeMeHu At = t — ty (ty — Hauaso otcyera BpeMeHn), a3y nepeaaToy-
HOM (D)YHKIIMH OT/AENHHOTO JIyda MOXHO Pa3ioxuTh B psin Teitnopa mo crenensm Af u At, kotopoe 6e3 yuera auc-
HEepCUH MOKHO NPEACTAaBUTh B BUJE:

o;(f.)=0;(f 1) +2nt,Af —2nrf At, ?3)

rue fq — moruiepoBckoe cMeleHne 4acTOTHI.

2. Paccorsiacopanue curuajos c IIITPY B cranuoHApPHBIX paIHOKAHAJIAX ¢ JUCIIepcUei
Curnansl ¢ [TTTPY MOXHO NPEeNCTaBUTh CICAYIOIINM 00pa3oM:

a(t) = nZ::Qn(t)exp(jZTc(fp+ for), 0<t<nT 0.0)- Oft—-(n-DT}=1 (n—-1T <t<nT “

0, JUTS OpyTuX t
0, JUtst Apyrux t

rJe M — KOJIMYEeCTBO 3IEMEHTOB B CHrHajle (ocHOBaHME Koxa), f, — pabouas wacrora, f, — gacrora, BEIOpaHHAs 110
ciyJaifHoMy 3aKkoHy. Bennunna Af, paBHas mojoce 4acToT CHTHaJIa, OIpeesIseT BEIMYMHY MAaKCHMAIIBHOTO CKAuKa,
1/T — ckopocTh epecTpOKH 4acToThl, a W=1/MT — cKOpOCTh TIepeaaud HHHOPMAIIUH.

Ilpu BbmonHeHnu ycnopmit: T >>1, u T >>At, rae 1, =4/0.5|s| [2], a At — pas6poc 3aaepskek 1eMeHTOB

cHWrHaNa u3-3a YactoTHo 3aBucumoctH T(f), U, mpexmonarasi, YT0 MPUHUMAEMBbIH CHTHAT CHHXPOHU3UPOBAH C CHT-
HanoM retepoaunsa (t=0), a yactora f, siBIsSETCS CIyyaliHON BETMYNHON, pacHpEaEICHHON paBHOMEPHO B HHTEPBAIe
[-Af /2, Af /2], moxem HaliTh MaTeMaTHIECKOE OXKMJIAHME CHKATOTO CUrHana dg(t):

M[as(t)]:m|H(fp)|Q(t)—Wexp{j[(p(fp)+arctg%]},r;[e: 7 =+25Af . (5)

®opmyrna (5) He yUINTHIBAET pacIUIbIBAaHHUE 3JIEMEHTA CHUTHaja M BapUalny 3aJep>KKH JIEMEHTOB M3-3a 3aBHCH-
. o 2
moctH 1(f), a yuuTeiBaeT Tospko npoxanue (jitter) daspl, BemmunHoi 7S f,, ©. Y3 Hee HETPyIHO MOMYYUTH BBIpaXe-

P 2 2
Hue Ui ko3 duimenTa sHepreTHIecKux moreps 1 curHana: =10 IgF2 =10lg M

, Tne P, — nUKoBast
1 1

MOLIHOCTh CHTHANIA HA BBIXOJE PaJIHOKAHAIA C HCKAKEHUSIMU U Oe3.
Bugum, 4o Ko>punmeHt noteps N gocturaet 3nauenus 1.5 nb yxe npu Af ~1.4Afy , rne Afy; =2/, fn|s J-| . 910

O3HAYaeT, YTO KaHaJl paCpOCTPAHEHHUS C JUCIIEPCHEN OrpaHNYMBAET BO3MOKHBIH BBIMIPHILI PU 00pabOTKe CUTHA-
na u3-3a «apokanus» dasel. Kpome atoro saddexra, orndaromias napuaibHOr0 CUrHajla HCIBITHIBAET «PACIUIbIBA-
HHE», KOTOpOe B Cilydae HpsSMOYrojbHOI ormbaromeit cocrasiser 40 % mpu T, = \/E . Taroke 37eMeHTHI ¢
Pa3HBIMH YacTOTAMHU 3aloJHEHUs f, MMErT pasHble BpeMeHa NpHXO0Ja, TaK YTO NPH MAKCHMAaJbHOM AHANa3OHe
cKayka, paBHOM Af, U HaKJIIOHe MUCHIEPCHOHHON XapaKTEPUCTHKU S pa30poc 3aJepiek MPUHUMAEMBIX JJIEMEHTOB
coctaBuT At =SAf . Yumpenue orubaronieli panouMILysibca U pazdpoc 3ajepKek OyAyT MPUBOJUTH K SBICHHIO
MEXCHUMBOJIFHON HHTepdepeHnnn. DHepreTHUecKue moTepu u3-3a Hee He mpeseicat 30 % (1.5 nb), ecim
T, =6AT.

min
Jliist 60phOBI ¢ MEKCHMBOJILHOW HHTep(epeHIneil 00bIYHO BBOIST 3aIMTHBIA WHTEPBAI JIHTEIBHOCTBIO AT,
MOATOMY PE3YJBTHUPYIOIIEe YCIIOBHE Ha MUHHMAJBHYIO JUIMTEIFHOCTH AJIEMEHTAa CHTHalla OyJdeT WMETh B
T.in = 7At. Takum 006pa3oM, MaKCUMaIbHYIO CKOPOCTh YaCTOTHOI nepecTpoiikn N MOXKHO OLIEHHTH 110 opMmyIe:

1 1 1
e S ®)
T TAt  TsAf
Dopmyna Af ~1.3Af, mo3BosseT oLEeHUTH ONTHMAabHBIN JHANa30H MaKCHMAIbHOrO ckaduka Af, kotopslii pa-

min
BeH: Af =E.

Js
3. PaccorsiiacoBanue curnajios c¢ IIITPY B kBa3ucTanuoHApHOM pajguokaHajie. B JaHHOM ciydae MoJenb

®UX kanana numeer BuA (3). Cuntas, 4TO NPUHATHINA CUTHAJ CHHXPOHM3MPOBAH ¢ CUTHAIOM rerepoanHa (1=0), Ha
BBIXOJI€ PHEMHHUKA OyIeM UMETh:

a,(t) = an: H(fp)exp{ (9, +2nf, (t~[n-1]T)}Q(1). (10)

VYunteiBas, uto Gopmyna (10) mpeacTaBisieT cyMMy M WIEHOB I'€OMETPUYECKON MPOrPECCHH, HETPYIHO IOITy-
YHUTH BBIPRKCHHE JUIS IINKOBOIM MOIITHOCTH CUTHaJIa Ha BBIXO/€ NPHUEMHHKA!
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2
2| sinTmTf
P=H(f) | =——=2| . 1
= [H () {sinand } D
CrnenoBarenbHO, KO3(PPHUIHNEHT YHEPTETHUECKUX NOTEPh OYAET NIMETh BHI:
P, sinTmTf
=10Ig| -2 [=20Ig ———4 1, 12
1 g(Plj g{ sinmTf, } (12)

2
rac P1 = | H ( fp)| m2 — IMAKOBAasA MOIIHOCTH CUTHAJIa Ha BBIXOAC CTAlIMOHAPHOI'O paarOKaHaJia.

C yderom mapameTrpoB moHoceproro KB-kanama gmcnurens u 3HamMeHaTens B Gopmyne (12) MoxHO pasio-
2
xuTh B psix Teitnopa. [Ipunnmas ycnosre m? >> 1, 1 1) OKOHYATEBHO MOTYIHM: 1)~ O.l(—dj . st Toro, 4ToOBI
w

HOTEepH He NpeBbImamy n=1.5 1b, HeoOX0INMO BBINIONTHEHNE yCIOBHA: W > 3.3, .

BuHO, 4TO YeM BHIIIE CKOPOCTH TMepenadun nHpopMauyd W, TeM MEHbIIee BIASHUEC Ha SHEPTETHIECKHE TOTePH
OKa3bIBaeT JOMIepoBCKuit caBur 4actotsl. [Ipu fy <10 'y motepu 6yayt menee 1.5 1B, ecniu W>33 6ur/c.

HOP LENGTH AND FREQUENCY TUNING VELOCITY LIMITS BECAUSE OF SIGNALS WITH
PROGRAMMED TUNABLE WORK FREQUENCY PROPAGATION IN DISPERSIVE HF RADIO
CHANNELS

D.V. lvanov

The work purpose is theoretical and experimental research of power losses of signals with programmed tunable
work frequency (PTWF), that appears when they propagating in quasistationary ionospheric radio channels with a
frequency dispersion of a phase.

1. The model of non-steady ionospheric radio channel

We are considering with ray approximation the radio channel on work frequency f, which passband Af is limited
by channelling devices (the transmitter and the receiver) on the specified radioline. Usually Af << fp, therefore:

Ho, () = Ho;(f5), 0;(F) = ¢;(fp)+2nt;(f.)Af + s (f,)Af ? , where j — number of the received mode.

The third item in phase expansion takes into account dispersive distortions. In a case of non-steady radio channel
for small scale time At =t —t, (t; — reference mark of time), a phase of transfer function of a separate ray is possible
to expand in Taylor's series in terms of Af u At degrees, which without taking into account a dispersion can be pre-
sented as:

0;(f.)=0;(f 1) +2nt,Af —2nrf At, 3)
where fq — Dopler shift of frequency.

2. Mismatch of signals with PTWF in stationary radio channels with a dispersion
Signals with PTWF can be presented as follows:

iQn(t)exp(jZR(fp +f)t), 0<t<nT Qt—-(n-1T}=1, (n—-T <t<nT

a(t)=<% ,Q,(1) = 4
=1 o { 0, forothert )
0, for other t

where m — quantity of elements in a signal (code base), f, — work frequency, f, — frequency, that was selected by

the random distribution. The magnitude Af, that equals to frequency band of signal, determines maximal hop size,
1/T — frequency tuning velocity, w=1/mT - information transmition velocity.

At performance of conditions: T >>t, u T >> At, where 1, = ,f0.5|s| , At — delay scatter of signal elements
that appears because of frequency relation t(f) and, proposed, that received signal was synchronized with oscillator’s

signal (t=0), but the frequency f, is random magnitude, that uniform distributed in [-Af /2;Af /2]. We can calcu-
late the mean value of compressed signal ag(t):

M[as(t)]:m|H(fp)|Q(t)—Wexp{ ilo(f,)+arctg %]},where: z2=+2sAf . (5)

The expression (5) does not take into account spreading of signal element and variations of elements delay of
because of relation t(f), but takes into account only phase jitter, by value =S f, . It is not difficult to receive the ex-
. . P C*(2)+S%(z
pression for signal power losses n: nleIgF2 =10Ig#
1 A
radio channel output with and without distortions.

, Where P, is the peak power of a signal on
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Apparently, the factor of losses n already achieves value 1.5 dB when Af ~1.4Af, , where Af,; = 2/1fn|sj| Ct

means, that dispersive channel limits probable signal’s processing gain because of phase jitter. In addition to this
effect envelope of partial signal has "spreading™ which in case of rectangular envelope makes 40 % at T, = Jrs .
Also elements with different filling frequencies f, has different times of arrival. So, that at the maximal hop range
equals Af, and dispersive characteristic curve tilt s the disorder of delays of received elements can makes At = sAf .
Radio impulse envelope widening and delays disorder carrying to intersymbolical interference phenomenon. Power
losses, that caused by this phenomenon that because of it (her) are not exceed 30 % (1.5 dB), if T .. > 6At

min =
Usually protective interval with duration At implements for the intersymbolical interference control, therefore
the resulting condition to minimal duration of signal element has value:  T_.. >7At. Thus, the maximal frequency

tuning velocity N can be estimated by the expression:
Not b1 ®
T 1At TSAf

min

15

&
3. PTWEF signals mismatch in quasistationary radio channel
In this case channel’s phase-frequency characteristic model looks like (3). Considering, that the received signal
is synchronized with a oscillator signal (t=0), on receiver’s output we have the next signal:

3, =3 H(f)exp| (6, +2e, (- [1-1T)}Q( . (10)

Taking into account, that the formula (10) represents the sum of m geometrical progression members, it is uneasy
to get expression for signal peak capacity on receiver’s output:

Expression Af ~1.3Af, allows to estimate optimal range of maximal hop Af that equals to: Af =

2
2| sinumTf
P=H(f)[ | =—=2]. 11
= [H ) {sinand} ()
So, the power losses coefficient looks as follows:
P sintmTf
=10lg| =2 |=20Ig{ ———< !, 12
n g(F’J g{ sinmTf, } (12)

where P, =|H ( fp)|2 m? is the signal peak capacity on stationary radio channel output.
Subject to ionospheric HF radio channel parameters the numerator and a denominator in the expression (12) can

2
be expensed in Taylor series. Accepting a condition m® >> 1, for the n finally obtain: n~ 0.1(£J . That losses did
w

not exceed n=1.5 dB if the condition: w>3.3f, is performed.

Evident, that the higher information transfer velocity w, gives the smaller influence Dopler’s shift of frequency
on power losses. When fy <10 Hz if w>33 bit/sec power losses will be smaller than 1.5 dB.

PACCOT'TACOBAHHE CJIOXKHBIX CUI'HAJIOB IIPU PACITIPOCTPAHEHU N
B CPEJAX C JMCIIEPCHUEUN

J1.B. UBanoB
Mapuiickuii rocyapcTBeHHbII TeXHHUecKuil yHuBepcuter, Momkap-Ona
vai@marstu.mari.ru
COMPLEX SIGNALS MISMATCH CAUSED BY PROPAGATION IN DISPERSIVE MEDIA
D.V. lvanov
Lenpto paboThI sABIISETCS MCCIEIOBAaHNE ONTUMAJIBHBIX IOJIOC CJIOXKHBIX CUTHAJIOB Ha OCHOBE aHAIN3a IOTEPh
IpPU UX CIKATHH.
PaccMoTpeHBI 0COOEHHOCTH HEPreTHYECKHX TOTEPh IPH PACHPOCTPAHEHHH CIOKHBIX CHTHAJIOB B cpenax ¢
aucrepcueil u ontuManbhele mojockl curHanoB. st AUX Hy(f) u @UX ¢(f) MHOTONMYYEBBIX paguoKaHaioB pac-

IpOCTpaHeHHs Ha paboueli yacToTe f, MOXKXHO BOCIIONB30BATHCS NPECTABICHUSIMH B BHJe MHOrodieHoB Teiinopa

HYJICBO M BTOPOIi cTeneHu (COOTBETCTBEHHO) OTHOCUTENbHO pasHocTH (f — fy) = Af:
HOj(f)zHOj(fP)i )
0;(f)=o;(fp)+2nt;(f;)- Af +7'ch(fP)'Af2,
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e | — HOMep MPMHUMAEMOTO JTyda.
B kadecTBe nonocsl korepeHtHoctH Afj pagnokanana pacnpocTpaHeHHs BbIOEPEM JHMAIa30H 4acTOT, HA KPasx
KOTOpOro Haber HenmuHEeWHO cocraBistomei ¢assl (1) pasen | paguany, T.e. Af, =2/n|s|.
Bocrmosb3yeMest KOMILIEKCHON MOJIEBIO [UISL CIIEAYOIIMX CIOKHBIX CUTHAJIOB:
tZ
exp(———5) expin(2 f,t+ &), (a)
2T
a,(t)expin(2f.t+ £), (6)

ZK:ak (expi2n(f, + f)t, (6) 2

ar (t) =

ZK:ak (t)expi(2nf, +6,), (2)

rae (a) — JIUM-uMmysbc ¢ rayccoBoi ormbaromieit; (0) — mpsmoyronshsit JIIM-umMmyisc; (6), (2) — oUCKpeTHO-
KOAMPOBAHHBIC CHTHAJIBI C YaCTOTHEIM U (ha30BBIM KOJMPOBAaHUEM COOTBETCTBEHHO. 31ech fy — cirydaitHpiM oOpasom
BBIOpaHHOE 3HaUCHHE YacTOTHI, Oy — (pasbl amemMenTa curHana, K — KOMH9ecTBO 3JI€MEHTOB B CHTHaje. J{JIs rayccoBoro

JIYM-umrynbca 2T paBHO JUIMTENLHOCTH UMITYJbca Ha ypoBHe 0.6, 1t mpsMoyroisHoro ag(t) omiuuaercs ot Hyss

JMIIb HA JUTUTENBHOCTH MMIyIsea 1. [ obonx JIYM-curHanos i CKOPOCTh U3MEHEHHS 9acToThl. J[iis TpeThero u
1, ecmn (K—1)T <t <KkT

YETBEPTOro CUrHamoB 3, (t) = .
0, ms Bcex mpyrux t

Haiins cekTp CHrHajioB MpH YCIOBHH OOJBIION 0a3bl, M Jajiee, paCCMaTPHUBasi X PacpOCTPAHCHUE B AHUCIICPC-
HOM KaHalle ¢ nepeaarouHo ¢pynkuueii B Buze (1), a 3atem B QUIBTPE, COrNIACOBAHHOM C U3y4aeMbIM CUTHAJIOM, B
uTore ajs MUKOBOM MOIIHOCTH IMOJYYHM CJICAYIOINE BhIPpAKCHUA:

HTIREE, (g
201+ (p)']
6T [H(1)F 700 +5°00]

R(Af, Af) = X , 3)
K Ho(f,) P IC°() + SO
Y? ’

K? [H,(fp) P [C*(Z) +S%(2)]
5 :

(2)

rne C(V), S(V) — wmrerpamst ®penens; V. = {X, Y, Z} X=,/25jﬁl=0.8Af/Aij=\Ep=0.8p;
T

Y = ZSjAf /2 ~0.8Af /Aij =\Fp=0.8p; Z=T/ 2s; =0.63Aij [ Af =\E£=@; K?=Af /o, tne @ —
T p P
CKOpOCTH Iiepeaaddl HHPOPMALUH, a P — KO3PPUIMEHT AUCIICPCHH PaTdoKaHaa, PABHBIH OTHOIICHHUIO MTOJIOCH Ka-
HaJla K €T0 I0JIOCC KOTCPECHTHOCTH.
Jis kaHANOB co crnaboil aucnepcuei (p2<<1), packiazapiBasi uHTerpaisl OpeHens no MajaoMy apryMeHTy B psijl
Telnopa, nosydum:
C2(X)+S*(X)~ X?+n?X®/36~ X2,
C2(Y)+S*(Y)~ Y2

OrtKyza cleqyer, 4To IIHKOBask MOIHOCTE pacTeT P, oc Af .

(4)

B ciydae dazo-koaupoBaHHOTO cHrHaNMa apryMeHT Z B mHTerpanax dpenens ctpeMutcs: K 6eckoHedHocTu. [Ipu
OTOM UHTETPAJTIBI UMCIOT MHYIO ACUMIITOTHKY:
C(Z)~0.5+(1/nZ)sin(nZ /2)* +...~0.5,

S(Z) ~0.5+(1/nZ)cos(nZ / 2)* +... ~ 0.5. ©

V4auThIBas TOJILKO TNEPBLIC YJICHBI pa3J'IO>KCHPII7[, MOJY4YUM, YTO U B 3TOM ClIydac Pl oc Af . OHHaKO n3-3a TpUro-

HOMETpHUYeCKHX (QYHKIUI B HHTETpanax (5) Ipu MOHOTOHHOM M3MEHEHHH MOJIOCH CUTHAJA, IIKOBAs MOIIHOCTh Ha
MOJIOCE KOTEPEHTHOCTH OYJIET MCIIBITHIBATH KOJIEOaHUSI.

JIHH JUCIICPCHBIX KaHAJIOB p2 >>1, T.C., KOrJia 1oJjioca KaHajla IMPEBBIIIACT MOJIOCY KOIN€PEHTHOCTH, IMUKOBas

MOIITHOCTh CHUTHAJIa YOBIBACT C POCTOM IOJIOCHL. [Ipy 3TOM A MOCTATOYHO OONBIINX IOJIOC OHA BO BCEX CIydasx
-1
yoeiBaer kak (Af)~. CrnemoBarenbHO, IPY YBEINYEHHH IMOJOCHI CIIOKHOTO CHIHAJIA IMUKOBAsk MOLIHOCTBH CXKAaTOrO
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CHTHAJIa IMEET MAaKCHMYM M MOJKHO TOBOPHTB O €r0 ONTHMAIIBHO MMOIOCe YacTOT. PacdeTs! MOKa3bIBAIOT, UTO IS
paccmarpusaembix curnanos Af,, ={1; 1.25; 1.25; 0.63}Af.

HekoTopsie OTNYHs OMTHMAIBHBIX [IOJIOC OT IIOJOCHI KOTEPEHTHOCTH CBSI3aHBI C «Pa3phIBAMID) IS aMILIHTY
M3JIy4aeMbIX CHIHAJIOB, a rayccoBa orubaroruast JJYM-curuana NpuBOJUT K H3BECTHOMY 3((PEKTY «CIIaKHBAHHUSI»,
U Pe3yJIbTAThl PACYCTOB AJIS OTOTO CITydasi JAlOT CIIIAKCHHYIO OLICHKY.

Ecnmu s koaddunuenta noreps B paspemenu npunatsh ¢pyuakiuio g(p) =1019(T,/T,), rme T,, — mnmurens-
HOCTP «CKaTOT0» CHTHAJA IIPH PACIPOCTPAHCHHUH B IHUCIICPCHOM Cpelie U B cpene Oe3 QUCIepCuH, TO IS CTIIaXKEH-
HOU OLIeHKH (ciydait rayccoBoro JIYM-curnana) 3Toro kodppuureHTa NoxyIuM GopMyIiIy:

4
4+ p* ©)

g(p)=5lg

U3 dopmyist (6) BUAHO, ITO TIOTEPH B Pa3pelICHUH 3a MPEaeIaMy MOJIOCHI KOTEPEHTHOCTH KaHama (¢ poctom Af)
pactyt Kak (Af) 2. MOXHO MOKa3aTh, 4TO TPH 3TOM AHATOTHYHBIM 06PA30M PACTYT M IHEPIETHUECKHE OTEPH, OMpe-
nemsiemble koddpdunuentom =10Ig(P,/P,), rue P; u P, — MOIIHOCTh MCKaQ)XEHHOTO M HEUCKA)XEHHOI'O CHUTHAJIOB
COOTBETCTBEHHO.

Takum 00pa3oM, Ha OCHOBE TEOPETHYECKOTO aHAIM3a PACIIPOCTPAHEHHUS CIIOXKHBIX CHT'HAJIOB B JHCIIEPCHBIX pa-
JMOKaHaJIaX ONpEeAeIeHbl 3HAYCHHS UX ONTHMAaJbHBIX moyoc. [loka3aHo, 4To B Cily4yae MPEBBILICHHS MOJIOCOU CHUT-
HaJla TIOJIOCH! KorepeHTHocTH KB-kaHanma sHepreTHyeckue MOTEPH CXKATOTO CHUTHANA U IOTEpH B Pa3pelICHUH IO
IPYIIIOBOMY 3ala3/IbIBAHUIO PAacTyT Kak (Af)2

The purpose of work is the research of optimal complex signal pass bands on the basis of analyzing of losses at
their compression.

Power loss features of propagated in dispersive media complex. Signals optimal pass bands. For amplitude-
frequency characteristics H,(f) and phase-frequency characteristics ¢(f) of multipath radio channels on work

frequency f, it is possible to take advantage of Taylor's polynoms of a zero and second degree (accordingly) con-
cerning a difference (f — f;) = Af representations:

Ho, ()~ Ho,(f,),
0;(f)=o;(f)+2nt;(f,)Af +nsj(fp)Af2,

where | — received mode number.
As a radio channel’s band of coherence Af,; we choose the range of frequencies at which boundary values of

@)

phase nonlinear component (1) entering is equal to 1 radian, Af, = 2/«/7: Is].
We make use of complex model for the following signals:
tZ
272
a, (t)expin(2 f.t + ft?), (b)

gak O expizn(f, + f)t, (c)

exp(-—) expin(2 f,t + ft?), (a)

a (1) = @

iak (t)expi(2xf, +6,), (d)

where (a) is the linear frequency modulated (LFM) impulse with Gauss envelope; (b) is the rectangular linear fre-
quency modulated impulse; (c), (d) are the discrete-coded signals with frequency and phase coding accordingly.
Here f, is the random value of frequency, 0, is the signal element’s phase, K is the quantity of elements in a signal.
For the Gauss LFM impulse 2T equally duration of impulse at level 0.6, for rectangular ay(t) differs from zero only
from duration of impulse T. For both LFM signals f is the frequency tuning velocity. For the third and fourth sig-
1, (k=DT <t<kT
nals a, (t) = (k=1) :
0, for other t

Calculating spectrum of signals under condition of big base, and further, considering their propagation in disper-
sive radio channel with transfer function as (1), and then in the filter matched with transmitted signal, in a result for
peak power we get the following expressions:
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AT IR(T)E )

2+ (p)°]

4T [Ho( 1) F 700+ S0

R(AF, Af,,) = X* L 3)
K Hy(f) FIC*0)+S° )]
y? ’

K? [ Ho(fp) | [Zc @+5°@)

where C(V), S(V) are the Frenel integrals; V ={X, Y, Z}; X =/2s; fT =0.8Af 1 Afy :\/zp =0.8p;
T

Y = ZSjAf /2 ~0.8Af /Aij =\Fp=0.8p; Z=T/ 2s; =0.63Aij/Af =\F£=E;
i 8 p p
is the information transfer velocity, p is the radio channel’s dispersion coefficient, that value equals to channel’s
passband divided channel’s band of coherence.
For channel with weak dispersion (p’<<1), distributing Frenel integrals on small argument in Taylor series, we

can get:

K2 =Af /@, where ®

C*(X)+S*(X) = X?*+n°X°®/36~ X?,
CHY)+S*(Y)~Y?,
whence follows that power peak grows P, oc Af .

In the event of phase-coded signal argument Z in integral Frenelya it strives to infinity. At integrals have other
asymptotic:

(4)

C(Z)~0.5+(1/nZ)sin(nZ /2)* +...~ 0.5,
S(Z) =~ 0.5+ (1/nZ)cos(nZ /2)* +...~0.5.

Considering only first members of the decompositions, shall get, as in this case P, «c Af . However because of
trigonometric function in integral (5) under monotonous change the band of the signal, peak power on band coher-
ence will feel the fluctuations.

For dispersive channel p? >>1, i.e. when band of the channel exceeds the band xorepentaoCTH, peak power of
the signal decreases with growing of the band. Herewith for it is enough greater bands she in all events decreases as
(Af)™. Consequently, when increase the band of the complex signal peak power compressed signal has a maximum
and possible speak of his(its) optimum band of the frequencies. The calculations show that for considered signal
Afo =1{1; 1,25; 1,25; 0,63} Af;.

Some differences of the optimum bands from band coherence is bound “breakup” for amplitudes radiated signal,
but Gauss bending around LCHM signal brings about the known “smoothing” effect and results calculation for this
event give the smoothed estimation.

If the coefficient of losses in permit to take the function g(p)=10Ig(T,/T,), where T, is the duration of “com-
pressed” signal when spreading in dispersed ambience and in ambience without dispersion then for smoothed esti-
mations (Gauss LFM signal) of this factor we shall obtain the expression:

4
=5l : 6
9(p)=5lg— o (6)

From the expression (6) it is seen that loss in permit outside the channel’s band of coherence (with growing Af)
grow as (Af)2 It is possible to show that herewith similar image grow and energy losses defined by coefficient
g=10Ig(P,/PR,), where P, and P, are the power distorted and undistorted signals.

In that way on the base of the theoretical analysis of the spreading complex signal in dispersed radio link are def-
inite sign their optimum bands. It is shown that in the case of excess by band of the signal of the band coherence
SQ-channel energy losses compressed signal and loss in permit on group delay grows as (Af)

®)

PAJJAPHOE 30HANPOBAHUE MAPCUAHCKHUX NOJIAPHBIX HIUTOB:
MOJIEJb HECTAHIMOHAPHOT O PAANAIIMOHHOTI' O TEPEHOCA

S1.A. WimromuH

MockoBckuil rocy1apcTBEHHBII yHHBEepcUTeT, MockBa
ilyushin@phys.msu.ru
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DEEP RADAR SOUNDING OF THE MARTIAN POLAR SHEETS: NON-STATIONARY RADIATIVE
TRANSFER MODEL

Ya.A. llyushin

IIpo6nema riryOMHHOTO paAHO30HAMPOBAHUS MAapCHAHCKUX MOJLPHBIX OIUTOB [1, 2] paccMaTpuBaeTcst ¢ TOYKH
3pEHNS] HEKOT€PEHTHOW TEOpHHU IepeHoca n3nydeHHs. [IpeanokeHo HECKONBKO (M3MYECKUX MOAENEH MONSIPHBIX
muTOB. [10JIy4eHbl aCHMIITOTHYECKHE PEIICHHS pacCMaTpUBaeMON 3a/1auu JUIs BCEeX MPEUIOKEHHBIX MoJieel. YKa-
3aHBI METO/IBI OTIpe/IeNIeHNs (PU3NIECKUX ITapaMeTPOB MOJSIPHBIX IIUTOB 10 PE3yJIbTaTaM PaJn030HIUPOBAHMSI.

CoBpeMeHHbIE MOJIENN CTPOCHUSI MAPCUAHCKUX MOJSPHBIX MIMTOB [1] mpeanonararoT HaTMuUe B UX TOJIIIE CJIO-
€B TbUIM METPOBOM TOJIIHUHEL, Pa3EeICHHBIX CIOSIMHU JIbAa TommMHON 1545 M u 80-120 M 1 ceBepHOro MOISIPHOTO
IIMTa COOTBETCTBEHHO. [IpM 3THX YCIIOBMSX MOXKHO CUHMTATh, YTO paccesHHe CBEpXUIMpoKorosiocHoro JIYM-um-
MyJbca Ha Pa3IMYHBIX MBUIBHBIX CIIOSAX MPOMCXOIUT HE3aBHCHUMO JPYT OT Apyra. B mpubimkeHun HenmpepbIBHON
paccenBaroIeil cpenpl PacIpOCTPAaHECHHE MMITYJIbCa B TOJIIE MOJSIPHOTO IMMTa MOXKET OBITH OMHCAaHO CHUCTEMOM
YpaBHEHHI HECTAIIMIOHAPHOW TEOPHH IIepeHOCca N3MydeHus [3]:

ar(dr) (3.1

=—1"(J,7)+M " (J,7),

oJ ot
ol a(JJ,T)_al éj,r):_l(J’T)MP(J’T)'

rae dt=kdz— onruueckas Tommumua; dJ =kcdt — Ge3pazmepHoe HOpMHPOBaHHOE BpeMsi; Z — riiyOuHa; K — K0ag-
¢unueHT ocnabiaeHusi UHTEHCUBHOCTU HM3JIY4YEHUs; A — ajnb0elo OJHOKPAaTHOro paccesHus; |- — MHTEHCHBHOCTH
MOTOKOB M3JIy4eHHMS IIPOTHBOIOJIOKHBIX HanpaBieHui. s moxyOecKOHSUHOH cpeibl HHTCHCHBHOCTH OTPayKeHHO-

T'O U3JIYy4YCHUA Ha OOJBIINX BpPEMCHAax paBHa

I )
1(J,0)=Ekc——=—=e ,

27
rae £ — monHas sHeprus u3aydeHHoro pagapoM JIUM-mmmynbca. MakpoCKONMYECKHE TAapaMeTphl cpemsl A, K 1 C,
CBsI3aHHBIC C (PUIUKO-XMMUYCCKHM COCTABOM U T€OMETPHUYCCKON CTPYKTYPOHl JISASHOTO IUTa, MOTYT OBITh OIpe/e-
JIEHBI [0 HAOJII0JaEMOMY CIIa[y HHTEHCHBHOCTH BEIXOMISIIETO M3IYUCHHS CO BPEMEHEM.

B paoTe MpoaHaTu3UPOBaHBl BO3MOKHOCTH OLEHKH (DM3UKO-XMMHYECKHMX M CTPYKTYPHBIX HapaMeTPOB JICIIHO-

0 IIUTA MO JAHHBIM PaJapHOTO 30HIHPOBAHUSA, a TAKKE ONPENCICHUS HAJIUIHS KHAKOM BOAB B OCHOBAHMH IIHTA
II0 CHaly MHTEHCHBHOCTH OTPaKEHHOTO H3TyYEHHS.
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The problem of deep sounding of martian polar sheets [1, 2] is considered from the point of view of the incoher-
ent radiative transfer theory. Several physical models of polar sheets are proposed. The asymptotical solutions of the
posed problem are derived for all these polar sheet models. Methods of determination of the physical parameters of
polar sheets are discussed.

Modern structural models of martian polar sheets [1] imply the presence of the dusty layers inside of them, em-
bedded in the ice. Thickness of the icy layers, separating them, is 15-45 m and 80-120 m for north and south polar
sheets, respectively. Under these conditions it can be assumed, that the dusty layers scatter the ultra wide band LFM
pulse independently and incoherently. Within this approximation, propagation of UWB LFM pulse obeys the system
of equations of non-stationary radiative transfer theory [3]:

8I+(J,r)+6|+(\],r)

=—1"(J, 1)+l (J3,7),

aJ ot
ol a(JJ,T)_a' gj*’:)z_|(3,r)+m+(3,r),

where dt=kdz is the optical thickness; dJ =kcdt— normalized dimensionless time; z — depth; k — volume extinc-

tion coefficient; A — single scattering albedo; I* — intensities of radiation fluxes going in the opposite directions. For
semi-infinite medium, the intensity of outgoing radiation is
-3/2
1(3,0)= Ekc e -,

J2mh
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where E is the total radiated energy of LFM pulse. Macroscopic parameters of the medium A, k and ¢, connected
with physical and chemical composition and geometrical structure of the ice sheet, can be retrieved from the ob-
served temporal decrease of the outgoing radiation.

In the present paper the possibilities of retrieval of physical, chemical and structure parameters of the ice sheet
from the radar sounding data are discussed. The problem of detection of liquid water at the base of polar sheet (basal
melting) is solved.

PAITMONIPOCBEYMBAHHME KOMETHOTI'O SIJIPA: OIIPEJEJEHUE TIAPAMETPOB
KOMETHOM KOPBI

SILA. NimomuH

MocCKOBCKUH TOCYJapCTBEHHBII YHUBEpCUTET, MOCKBa
ilyushin@phys.msu.ru

RADIO TRANSMISSION DIAGNOSTICS OF THE COMETARY NUCLEUS:
DETERMINATION OF THE COMETARY CRUST PARAMETERS

Ya.A. llyushin

B pabote ncciemyercss BO3MOXHOCTh OMPENEIICHNUSI CTPYKTYPhI IPUMOBEPXHOCTHOTO CJIOSI KOMETHOTO s/pa I10
JaHHBIM OMCTAaTHYECKOTO PaAapHOTO 30HAMPOBAHMA. AHaIN3 MPOOJIeMbl HA KAaYeCTBCHHOM YPOBHE Ha OCHOBE CKa-
JSIPHOTO BOJIHOBOTO ypaBHEHUsI ObLI TMpoBeneH B padore [1, 2]. B nanHO# paboTe maercst cTporoe pemeHue 3a1adu
Ha OCHOBE BEKTOPHBIX YPAaBHEHUH 3JEKTPOMarHUTHOTO noJjs [3].

[To coBpeMEeHHBIM TIPEICTABICHHUM, TOBEPXHOCTHBIH CI0H KOMETHOTO sI/Ipa SIBJICTCS CIOXKHBIM 00pa30BaHHEM,
(PMBUKO-XMMUYECKHE M 3JICKTPUIECKUE CBOHCTBA KOTOPOTO ONPENEISIOTCS LENBIM PSIIOM (DU3UKO-XHUMHUYECKHX
MPOIIECCOB, MPOTEKAIOIKX B HeM. B maHHOIt paboTe Ha OCHOBE BEKTOPHBIX YPaBHEHUI TEOPUHU AJIEKTPOMArHUTHBIX
BOJIH IIPOBEJICH aHAJIM3 PACpPOCTPAHEHHS PaUOUMITYIbCOB B UACATM3UPOBAHHON MOJIEIN KOMETHOIO A/pa C ABYX-
CIIOIHOI CTpYKTYpOi THIA «IApOo—MaHTUs». OnpeeneHbl BO3MOXKHBIC MOIXO0bI K MHTEPIIPETAIluH TaHHBIX JKCIIe-
pumenta CONSERT-ROSETTA no panuonpocBednBaHuio siipa komeTsl 67/P Uypromosa-I'epacumMeHko, B 4acTHO-
CTH, OIPEACICHUIO TUAJIEKTPUIECKUX ITapaMeTpOB KOMETHOI KOphl. BBIBOIBI HacTOsAIIEH pabOTEl B OCHOBHOM COB-
MaJaroT ¢ pe3yJbTaTaMy paHee MPOBEICHHOTO UCCIEOBaHNS HA OCHOBE CKAJSIPHOTO BOJHOBOTO ypaBHeHus [ 1, 2].
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The possibility of retrieval of the parameters of the cometary crust from the bistatic radio transmission data is in-
vestigated in the present work. Semi-qualitative analisys of the problem has been performed in the previous papers
[1, 2]. Here the strict vectorial treatment of the problem is presented.

According to the modern state of knowledge, the topmost surface layer of the cometary nucleus is a very compli-
cated structure, physical and chemical properties of which are dominated by a number of complex physical and
chemical processes, taking place in it. In the present work, the propagation of the ultra wide band chirp radar pulse
in the idealized layered spherical model of the cometary nucleus is analysed on the basis of strict equations of elec-
tromagnetic field [3]. Possible approaches to the interpretation of the radio transmission data of the CONSERT -
ROSETTA experiment with the nucleus of the 67/P Churyumov-Gerasimenko comet [1]. In particular, the abiblity
of determination of dielectric parameters of the cometary crust is shown. Basic results of present investigation agree
with the results of earlier scalar treatment of this task [1, 2].

JABYXIIO3UIINOHHASA KB IUATHOCTHUKA IINB HAZI AHTAPKTUYECKUM
MMoJIYOCTPOBOM

B.I'. l'aaymko, A.C. KameeB, A.B. Kosiockos, U.W. Mukyaunk, FO.M. SAmnosnbckuii
Pannoactponomuueckuit uactutyr HAH Vkpanusi, anton_k@rian.kharkov.ua

HUccrnenoBanne nepememaromuxcst HoHocpepHbix Bosmymenuid (I[IMB) npeacrasiser Gonbioit mHTEpec s
pacumpeHust 3HaHUH 0 Qu3MUecKux mpoleccax B BepxHel arMocdepe. Ito obycnosieHo tem, uto [I1B, kotopsie
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MPEACTABISIIOT CO00H KBAa3WIIEPHOAWIECKUE BO3MYINEHHS JJICKTPOHHOH KOHIEHTPAlUH HOHOC(EPHI, SBISIOTCA
CJIEICTBUEM PACTIPOCTpPaHEHHsI B HEW aTrMochepHO-TpaBUTAIIMOHHBIX BOH (AI'X), KOTOpBIE, B CBOIO OYepE/b, UT-
paroT BAXHYIO POJIb B YHEPIETHYECKOM OOMEHE M B3aMMOJECHCTBHHM Pa3IUYHBIX 00JacTed BEpXHEH aTMoc(epsl.
Kpome toro, ITMB sBisroTcss cBoeoOpa3HBIM HHIMKATOPOM TeHepupyembix AI'B mporieccoB Kak €CTeCTBEHHOTO,
TaK ¥ HCKYCCTBEHHOTO mpoucxoxaeHus. Vccnenosanus [1B B BicokomupoTHO# atMoctepe B palioHe AHTapK-
THYECKOTO MOJyOCTPOBA MPEACTABILIIOT OOJIBIION HHTEPEC 1O Psiy NpUUMH: 1) moIApHas HoHOc(epa MoCpeaACTBOM
TE€OMAarHUTHOTO IOJIsI CBsSI3aHa C BHEIIHEH MarHuTocepoil U OJIM>KHUM KOCMOCOM; 2) pailoH AHTapKTHYECKOTO I10-
JIyOCTpOBA XapaKTepU3yeTCs MOBBIIIEHHON IIUKIOHUYECKON aKTUBHOCTBIO; 3) B OTJIMUYUE OT CEBEPHOTO 3aMOJISIPh,
TJie UCCIIEZ0BaHUs B OTOM 00J1aCTH BEAYTCS JOCTATOYHO MHTEHCHBHO, B AHTapKTHJIE OHM €JMHUYHBI. VI3BecTHO He-
CKOJIBKO Pa3IMYHBIX AMCTAHLIMOHHBIX METOIOB HMccienoBanus napamerpos [IMB, Takux kak pasapbsl HEKOTEpEHTHOTO
paccestHus, IOTUIEPOBCKHE pajaphl, CIIyTHUKOBBIE U3MEPUTEINHN MOJHOTO COJEP)KaHUs AJIEKTPOHHON KOHIEHTPALMU 1
T.0. Ho Hanbonee nepcreKTUBHBIM SBIISETCS METOA JIBYXIIO3UIIMOHHOTO KOPOTKOBOJIHOBOTO YaCTOTHO-YIJIOBOTO 30H-
nmupoBaHus HoHocdeps! (UY3U), ocHOBaHHBIN Ha M3MEPEHHH TOIUIEPOBCKOTO CMEICHUS YacTOTHI U YIJIOB MIPHUXO0/a
KOPOTKOBOJIHOBBIX CHTHAJIOB HECTICINANIBHON (pOpMBI (HApHMEpP, CUTHAJIOB MIMPOKOBEINATENIFHBIX CTAHIMI) U pa3pa-
6otannsIil B Pamnoactporomudeckom uacTHTYTe HAH Yipamusl. B 2002 r. kommieke YY3U Oput ycTaHOBJICH Ha
YKpanHCKOW aHTApKTHUECKOW CTaHINHU «AKaneMuKk BepHanckuii». Ho B ¢Bs3H ¢ OTCYTCTBHEM BONH3H CTAHIIAH IIH-
POKOBEIIATENBHBIX MEPEAATINKOB, M KaK CIEACTBHUE, HCIOIb30BAaHUEM TPAcC OONBIION MPOTSKEHHOCTH, XapaKTe-
puctuku [IMB BoccTaHaBiIMBaIKMCh JOBOJBHO JAJEKO OT pailoHa MOBBILIEHHOW LUKIOHMYECKOH akTUBHOCTH. [o-
3TOMy OBUI CO3/[aH CIEIHAIBHBIN MepefaTiuK Majloil MOLIHOCTH, KOTOPBIH Obul ycTaHoBieH yetom 2004 r. Ha
MOJIBCKON aHTapKTH4YecKoW cTaHuuHM «l'eHpux ApkToBckuit». JlmuMHa pamuorpaccsl cocraBmiia mopska 440 k.
Bcero 6buto npoeneno 6oniee 1000 yacoB HaOMIONEHUH, U3 KOTOPBIX MPUMEPHO B 15 % ciyyaeB peructpupoBa-
mucek IIWB. Onpenenens! Hanbosnee BeposiTHeIe BpeMeHa nosiBieHus [1MB, a Taxke BOCCTaHOBJIEHBI UX XapakTep-
HBIC TapaMETPhbI, TAKUEC KaK HAIIPABJICHUE U CKOPOCTh ABMKCHUSA, ICPUOT U aMIUIUTYda.

BISTATIC DIAGNOSTIC OF TID OVER THE ANTARCTIC PENINSULA

V.G. Galushko, A.S. Kashcheyev, A.V. Koloskov, L.I. Pikulik, Y.M. Yampolsky

Institute of Radio Astronomy NAN of Ukraine, anton_k@rian.kharkov.ua

Investigations of traveling ionospheric disturbances (TID) are of considerable importance for enhancing our
knowledge of physical processes in the upper atmosphere. The reason is that the TIDs, representing quasiperiodic
disturbances in the electron density of the ionosphere, are an implication of atmospheric gravity waves (AGW) that
play an important role in the energy exchange between different parts of the upper atmosphere. In addition, TID are
kind of an indicator of the various processes responsible for AGW generation, both of natural and artificial origin.
The three reasons why investigations of TID in Antarctica are of great interest: 1) the polar ionosphere is coupled to
the outer magnetosphere and near space through the geomagnetic field; 2) the Antarctic peninsula region is known
for its high cyclonic activity; 3) in contrast to the Northern polar region which allocates a great number of diagnostic
means, there are only a few such facilities in Antarctica. Compared with the traditional methods of TID parameter
reconstruction like incoherent scatter radars, Doppler radars and satellite instruments for total electron content
measurements, bistatic frequency-and-angular sounding at HF (FASTID) is more perspective and cost effective. It
is based on estimating the Doppler frequency shift and angles of arrival of non-special probe signals (e.g. broadcast
station signals). The method was developed in the Institute of Radio Astronomy NAS of Ukraine and FASTID com-
plex was installed at the Ukrainian Antarctic station “Academician Vernadsky” in 2002. But because of the absence
of broadcast stations near the station, the site for TID parameter reconstruction was located far from the place of our
interest. Therefore in the summer of 2004 a special low-power transmitter was installed at the Polish Antarctic sta-
tion “Henryk Arctowsky”. Thus the length of the radio path was about 440 km. More than 1000 hours of observa-
tions were made from which TID were registered in about 15 % of cases. The most probable periods of appearance
of TID were determined and TID parameters like velocity, direction, period and amplitude were reconstructed.

NPUMEHEHUE COBPEMEHHBIX TEXHOJIOIU# JJ151 OBPABOTKH HOHOTPAMM
KAMUYATCKOUN ABTOMATUYECKO HOHOC®EPHOM CTAHLIUN.
PE3YJbTAThI HABJIOAEHUM 7-11 HOSIBPSI 2004 r.

'Kum A.I'., 'KoroBuu I.B., 1Fp0303 B.IL., ’BpIuKoB B.B., 2lIIyMel”mo A.B.

lI/IHCTI/ITyT conHeuHo-3eMHO# ¢pusuku CO PAH, UpkyTck;
ZI/IHCTI/ITyT KOCMO(M3NUECKHUX HCCIIeIOBAaHUI U pacnpocTpanenus paanosoian IBO PAH
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APPLICATION OF CONTEMPORARY TECHNOLOGIES FOR KAMCHATKA'’S AIS
IONOGRAMM PROCESSING. OBSERVATION RESULTS FOR THE NOVEMBER 7-11, 2004

'Kim A.G., 'Kotovich G.V., *Grozov V.P., 2Bytchkov V.V., ’Shumeiko A.V.

Habmonenus 3a nonochepoit HeOOXOIUMBI KaK AJISI UCCIIEI0BATENbCKIX HAYIHBIX 33/1ad, TaK U JUIS PAaKTHYe-
CKUX neneil. [y momydeHust CBeICHNI O COCTOSIHUM MOHOC(EPH! B KOHKPETHBIE MOMEHTBI BPEMEHH IIMPOKO HPH-
MEHSI0TCS pPa3IMYHble HOHOC(EpHbIe cTaHIuK (aBToMaTH4yeckue nonochepusie ctaniuu (AUC), JTUM -nono30H1bI,
JUTH30HIBI U T.11.). W, eciu criocoObl perncTpanuyd HOHOTPaMM MOHOC(EPHBIMH CTAHLIUSIMH MOTYT OTJIMYAThCS, TO
CrocoObl 00pabOTKH, MHTEPIPETALMA HOHOIPAMM MOTYT OBITh, KaK MPaBHJIO, ONMCAHBI OOLUIMMH NpaBHIAMU U PY-
koBojcTBaMU [1]. JIorH4HBIM B TaKo# CHTyallMu SIBJISIETCS CO3[aHHE €JMHOTO YHHBEPCAIBLHOTO IPOIPAaMMHOIO arl-
napara Juisi HHTepIpeTalui HOHOTPaMM U IIPUMEHEHHE er0 He3aBUCHUMO OT THIIAa HOHOC(HEPHBIX CTAaHLIUH.

B kauectBe Takoro ammapata npemiaraetcs SAO-Explorer, Bxoasiuit B KOMIUIEKT HUGPOBOrO HOHO30HAA ([IH-
rim3oHAa) DPS-4. OH mo3BoJseT MPOBOAUTH MOIHYI0 00pabOTKY MOHOTpaMM BEpTHKaJIbHOTO 30HAupoBaHus (B3)
HOHOC(EPBI, a TAKKE IOIydaTh MPOTHO3HBIE 3HAYECHUS M PAcCUNUTHIBATH NPO(IIIb SIEKTPOHHON KOHIEHTPALUH C
HCIIONIB30BAaHIEM MEKIYHapOIHOW crmpaBouHON moxmenu noHocdepsl IRI [2]. EnumHcTBeHHAs TexHWUYECKas TPYI-
HOCTb, KOTOpast BCTACT Ha 3TOM IyTH, — 3TO NPUBEACHNE (hopMaTa HOHOTPAMM, ITOIYIEHHBIX C IOMOIIBIO HE IUTH-
30H7a, a Hanpumep Ha AUC, B dopmart, morstHeiii SAO-Explorer. 3to pemaercs myteM nepehopMaTHpOBaHHs
JaHHBIX B (popMaT HOHOTPAMM JTUTH30H/A.

PaGota mokasana Ha npumepe AUC, uto nepedopmarupoBanue nanubix B popmatr SAO-Explorer u ux mocie-
Jyromasi 00paboTka 3HAUUTENBHO 00JIEryaroT U yCKOPSIOT Mpoliecc HHTepnperanuu noHorpamm B3. Takum croco-
6oM ObuTH 00paboTaHbI HOHOTPAMMBI, MoJy4eHHbIe kamuaTckoii AMC B mepuojn cuiibHOW MarHuTHO# Oypu 7-11
HO0ps 2004 r.

CraHnms pacIoiioKeHa B BOCTOYHOM peruoHe Poccnn B cpemaux mmportax (53.10° N, 158.63° E). Cyrounsrit
XOJ KPHUTHUYECKHX YacTOT W BBICOT MaKCUMyMa MOHM3AIMU CBHJIETEILCTBYET O HApYLIEHUH CBOWCTB MOHOC(EPHI,
KOTOpBIE MPHUCYIIN CPEAHEIIUPOTHOI noHochepe. Habmronarores cylecTBeHHbIE OTKIOHEHHUS! KPUTUYECKUX YacTOT
B MIEpHOJ BOSMYILCHHS OT MEIMaHbl. 32 MEIAWaHy NPHHUMANAch 3aBUCHMOCTb, MoiydeHHas 1mo monenu IRl mms
cpenHeMecsiaHoro nHaekca F10.7. B nepuon HabmroneHnit MarauTHas Oypsi MOpOAMIa OTPUIATEIbHOE HOHOChED-
HOE BO3MYIICHHE, NMPOSBICHHE KOTOPOTO 3aMETHO YXYIIIMIIO CTPYKTYpy HOHOC(EphI MO BCeMy pPErnoHy. JTO
HaOromaxock u Ha apyrux crannusax B3 (Upkyrck, Axyrck, Hopunsek, XKuranck).

Pa6ora BemonHeHa npu nogaepxxke PODU (rpart Ne03-05-64527) ¢ ucmons3oBaHIEM JaHHBIX IIEHTPa KOJIICK-
TuBHOTO noin3oBanust BCLUIUN3 u B pamkax rpanra NeHIII-272.2003.5 rocynapcTBEHHOW NOINEPKKHA BEAYLIMX
HayuHBbIX 1IK0JI Poccuiickoit @enepanyu.
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lonospheric observations are necessary as for research scientific problems as for practical purposes. Different
ionospheric stations (AIS, Chirp-ionosoundes, digisondes) are used widely for obtaining of information about iono-
sphere condition at the concrete time moments. The methods of ionogramm registration of ionospheric stations can
be distinguished, but ionogramm processing and interpretation methods can be generally described by common reg-
ulations and manuals [1]. Creation of unified universal program apparatus for interpretation of ionogramms and ap-
plication it independently from ionospheric stations type is logical in such situation.

“SAO-Explorer” included in digital ionosonde (digisonde) DPS-4 set is suggested as such apparatus. It allows
carrying out complete processing of ionosphere vertical sounding (VS) ionogramms, to obtain prediction meanings
and to calculate electron density profile using International Reference lonosphere IRI model [2] also. The only ap-
peared technical difficulty is reduction of format of ionogramms obtained using not digisonde but AIS for example
to format understandable for “SAO-Explorer”. It is solved by data reformatting to format of digisonde ionogramms.

This work demonstrated with an example of automatical ionospheric station (AIS) that data reformatting to
“SAO-Explorer” format and further processing of them noticeably lighten and accelerate process of interpretation of
VS ionogramms. lonogramms obtained by the Kamchatka’s AIS during the period of intense magnetic storm of the
November 7-11, 2005 were processed.

The station is located at the eastern part of Russia at mid-latitudes (53.10° N, 158.63° E). Diurnal variations of
critical frequencies and heights of ionization maximum are evidence of ionospheric characteristics disturbance
which are peculiar to mid-latitude ionosphere. Significant deviations of critical frequencies during disturbance from
median are observed. As median it was accepted dependence obtained using IRl model for average monthly index
Fi07. At the observation period magnetic storm caused negative ionospheric disturbance made worse ionospheric
structure of the entire region. It was observed at other VS stations (Irkutsk, Yakutks, Norilsk, Zhigansk) also.

This work was supported by the Foundation for State Support of Leading Scientific School of the Russian Feder-
ation (grant NeSh — 272.2003.5) and RFBR (grant Ne03-05-64527).
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CTPYKTYPA COBCTBEHHbBIX AJIb®@BEHOBCKHX KQJIEBAHI/Iﬁ C M>>1 B JUTTIOJIbHOM
MATHUTOC®EPE C BPAIIAIOIIENCA MIJIAZMOM

I.A. Ko3ioB, A.C. JleoHoBUY
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THE STRUCTURE OF ALFVIN OSCILLATIONS OF A DIPOLE MAGNETOSPHERE WITH RO-
TATING PLASMA

D.A. Kozlov, A.S. Leonovich

B GonbmmHcTBEe paboT, mocBsmieHHBIX u3ydeHuto MI'Jl-konebanuii mMarHuTocepsl 3eMIH, UCIIOJIb30BAINCH
MOJIETIH CpeJibl, B KOTOPBIX IJIa3Ma KaK BHYTPH MarHUTOC(ephl, TaKk U B 00JIACTH COJHEYHOTO BETpa, Mpe.roiara-
Jack ToKosmeiica. PeansHas MarauToC(epa mpeacTaBiseT co0ol TMHAMUYECKH PaBHOBECHYIO IUIA3MEHHYIO0 KOH(DH-
rypanuio. J[pyruMu clioBaMH, IBIDKCHHE SBISCTCS HEOTHEMIIEMBIM CBOHCTBOM MarHUTOC(EpHOH MIa3Mbl. ITO 00c-
TOSITEIECTBO, HECOMHEHHO, HTPAET BAXXHYIO pOJb B (POPMHUPOBAHUH CTPYKTYPHI U crieKTpa coOcTBeHHBIX MI'JI-K0-
neOaHIi MarHUTOC(EPEI.

B paboTe mpoBeneHO TEOpETHIECKOE HCCIeIOBAHNE CIIEKTPa M TIOHOM IPOCTPAHCTBEHHON CTPYKTYPHI CTOSINX
anb()BEHOBCKUX BOJIH B AWUIOIBHON MarHutocdepe ¢ ABIKYyIICHCs T1a3Moil. J[BIKeHHe T1a3Mbl MOJCITUPYETCS ee
a3UMYTaJIbHBIM BpalleHueM. Takas MOJeNb IMO3BOJISIET ONUCATh IepexoJ]i OT BHYTPEHHEH Iutasmocdepsl depes
IUIa3MOTay3y K BHEIIHEH MarHUTocdepe ¢ KOHBEKTUPYIOIICH IIa3MO U Jajice Yepe3 MarHUTOMay3y K JIBIKYIICH-
Cs IJI1a3Me COJIHEYHOI'O BeTpa.

[MonyueHo ypaBHEHHE, ONMKCHIBAIOIIEE CTPYKTYPY CTOSIYUX Ib(BEHOBCKHX BOJIH C OOJBUIMMH a3UMYTallbHBIMU
BOJIHOBBIMH 4HciaMu M>>1. C noMoUIbl0 MeToJa pa3HbIX MacITa0OB JaHHOE JBYMEPHO-HEOJHOPOIHOE YpaBHE-
HHE CBOJUTCS K TMOCIIEOBATEIFHOMY PEIICHHIO NIBYX OJHOMEPHBIX 3a/1a4 — IPOIOJBHOHN (OMHCHIBACT CTPYKTYPY
CTOSTYMX aTb(PBEHOBCKUX BOJH BJOJIb CHJIOBBIX JIMHHI) U MOTIEPEYHON (OMUCHIBACT CTPYKTYPY aTb(BEHOBCKUX KO-
neOaHMA TOTIepeK MATHUTHBIX 000JI0YEK).

IIpu paccMoTpeHIH TPOJONEHON 33729l MPOAHATM3NPOBAHBl OCOOCHHOCTH aTb(PBEHOBCKUX KOJIEOaHUI ¢ TOPOU-
JATTFHOM M TIOJIOMIATFHOM MOJspH3alield B MarHuTocgepe ¢ Bpamaromeics mia3Moi. Pemmenns npogoIsHoTro ypas-
HeHusl HaiineHsl kak B BKB-mipubmmkenny, Tak u 4uciaeHHO. [10CTpOeHBI CIIEKTPhl HECKOJIBKUX HEPBBIX TapMOHHIK
MOJIONANIBHBIX M TOPOUIAJBHBIX CTOSYMX ajb()BEHOBCKUX BOJH IPU PA3MYHBIX 3HadeHHsX M. [lokazaHo, 4to BO
BpallAfoLIeics T1a3Me NPOUCXOIUT JIOTIOJHUTENILHOE pacIIelIeHHe CIIEKTpa COOCTBEHHBIX alb()BEHOBCKHX Kojeba-
Hui. Ha xamoif MarHUTHOH 000JI0UKe Pa3IMYalOTCsl COOCTBEHHBIE YAaCTOTHI HE TONBKO TOPOUAAIBHBIX M MOJIOUAANb-
HBIX KOJIeOaHWH, HO U YaCTOTHI MOJOUJATBHBIX KOJIeOaHU ¢ pa3IMIHbIMU M. VccrienoBaHa BeIMYMHA MOJISIPU3AIUOH-
HOTO PaCIIEIJICHUs CTIEKTpa — Pa3HOCTH COOCTBEHHBIX TOPOHIAIBHOMN M mojionaanbHON dacToT. IlokazaHo, uTo oc-
HoBHas rapmonuka (N = 1) obnaiaeT yHUKaJIbHO OOJNBIIMM 3HAYEHHEM MOJISIPU3ALUOHHOTO PACILCTUICHHSI.

[oryueHBI ypaBHEHUS, ONMCHIBAIOIIUE ITOTIEPEUHYIO CTPYKTYPY CTOSYHX alb(hBEHOBCKUX BOJIH B MarHurocgepe
C BpalIamoIieics mia3Moil BOJIH3H MOJIONTATEHOW U TOPOMAAIBHON PE30HAHCHBIX MoBepxHOCTed. [locTpoeHo Mo-
JIEIEHOE ypaBHEHHE, KOTOPOE MO3BOJSET ONPENCIHTh MONEPEYHYI0 CTPYKTYPY pPacCMaTPHBAEMBIX adb(BEHOBCKHIX
KOJICOAHWH He TONBKO BOJIM3W PE30HAHCHBIX IMOBEPXHOCTEH, HO U BO Bcel 00NacTu ux cymiectBoBanus. [lomydeHo
aHATUTHYECKOE PEIICHHUe 3TOro ypaBHEHHA. [IpoBeleH cpaBHHUTENBHBIA aHATIH3 MOMEPEYHON CTPYKTYPHI KoieOa-
HUH, BO30YKJAaEMBIX B Pa3IMYHBIX O0NACTIX MarHUTOC(Eepbl HOHOC(EPHBIMH CTOPOHHIMH TOKaMHU OJIHHAKOBOM
MHTEHCUBHOCTH.

[TokazaHo, 4TO momepeyHasi CTPYKTYpa CTOSYMX ainb()BEHOBCKMX BOJIH OUYEHb MOX0XKa HA CTPYKTYPY MHOTOIMO-
JIOCHBIX TIOJISIPHBIX CUSHUH. XapakTepHas HONepedHas JUIMHA BOJIHBI TaKUX KOJeOaHUH B MPOEKINH HAa HOHOCh EpY
COBIAJAET C XapaKTEPHBIM Pa3MepPOM OTIENbHON mosiockl custHUH. KonndecTBo HabIr0maeMbIX MOJIOC TaKXkKe COOT-
BETCTBYET KOJMUYECTBY MaKCUMYMOB aMIUTUTYABI Kosebanuil. Hanmaue npogonbHOM KOMIIOHEHTHI 3JIEKTPHYECKOro
HOJIS 3TUX KOJIeOaHHUH CIIOCOOCTBYET YCHMIICHHIO BBICBHIIIAHUH 3apsHKEHHBIX YAaCTHII, KOTOPhIE MOTYT MPOSIBISATHCS B
noHocdepe B BUJIE CUSHHUI.

Most of the papers studying MHD-oscillations of Earth’s magnetosphere employ models of a magnetosphere in
which plasma is in rest both inside the magnetosphere and in the solar wind. The real magnetosphere is a plasma
configuration in dynamicall equilibrium, so the motion is a main characteristic of magnetospheric plasma, which
badly affects on the structure and the spectrum of eigen MHD-oscillations of a magnetosohere.

Theoretical investigation of the spectrum and the spatial structure of standing Alfven waves in a dipole magneto-
sphere with moving plasma is carried out. The plasma motion is modelled by its azimuthal rotation. The equation
describing the structure of azimuthally small-scaled standing Alfven waves is derived. By using the method of dif-
ferent scales this equation is reduced to the two equations that describe the structure of Alfven oscillations along
magnetic field lines and across magnetic shells.

The features of Alfven oscillations with the poloidal and toroidal polarization have been analysed in solving a
longitudinal equations. Solutions of these equations are found both in WKB-approximation and numerically. The
special attention is paid to polarized splitting of the spectrum — differences between the eigen-frequencies of toroidal
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and poloidal Alfven oscillations. It is shown that in the magnetosphere with moving plasma, in contrast to the mod-
els where plasma is in rest, an additional spectrum splitting of poloidal Alfven oscillations with the different values
of azimuthal wave number appears.

The equations describing transversal structure of standing Alfven waves in a dipole magnetosphere with rotating
plasma near the poloidal and toroidal resonant shells is derived. The model equation which determines the structure
of Alfven oscillations is deduced. An analytical solution of the equation is found. Comparative analysis of the trans-
versal structure of the oscillations driven by ionospheric currents of the same intensity in different regions of magne-
tosphere is made.

It is shown that the structure of standing Alfven waves across magnetic shells is similar to the structure of dis-
crete auroral arcs. The typical transversal wavelength of the oscillations in projection to the ionosphere is equal to
the typical size of the single auroral arc. The number of observable arcs corresponds to the number of oscillation
magnitude maxima across magnetic shells. The longitudinal component of an electric field in these oscillations pro-
vides structuring of the charged particle precipitation.

HNCCJIEJOBAHHME ITOSIBJIEHUSI CUTHAJIOB C KPATHBIMHU YACTOTAMHU
IMPU KHY-MOJAYJISIIUUN BU-CUT'HAJIOB

A.A. KoamakoB

Cubupckuii pU3nKO-TeXHHIECKIA HHCTUTYT, TOMCK
kolmakov@elefot.tsu.ru

THE RESEARCH OF OCCURRENCE OF SIGNALS WITH MULTIPLE FREQUENCIES
BY ELF MODULATION OF HF SIGNALS

A.A. Kolmakov

[Ipn npoBeaeHNH SKCIIEPUMEHTAIBHBIX UCCIEAOBaHNI OBIJIO YCTAaHOBIIEHO, YTO IIPHU HOHOC(EPHOM pacIpocTpa-
HeHnHM BU-cUrHanoB pa3nuyHBIX paJdoBEIIATENbHBIX CTAHIMH B PAJC CIydacB B OTHOAIOMINX 3TUX CHUTHAJIOB IOSB-
JSIOTCS YeTKO BRIpaskeHHBIe cocTaBisttomne KHU—nuamaszona [1]. OT1o sBnenue 0puio HazBano KHY-monymsiumeit
BU-curnanos. XapakTepHbIM TUIIOM MOIYIHPYIOIMIMX CUTHAJIOB SIBISIOTCSA CUTHAIBI C KPATHBIMU YaCTOTaMH.

Hecmotps Ha TO, 4TO MEXIYHAPOIHBIMU HOPMATHBHBIMU aKTaMU 3allPELICHO U3IY4ECHUE PaJUOBEIIATENBHBIMU
BU-cTanuusamMu CUTHaNoOB, coAepakKamux B cnekrpe cocrasisaone KHY-nnanasoHa, NOJTHOCTBIO UCKIIIOYATh 3TY
BO3MOXKHOCTb, ITO-BUAUMOMY, Hellb3sl. VI3BeCTHO, Y4TO MOIIHAsI paJMOBOJIHA, TIPOXOJs CKBO3b HOHOC(HEPHYIO TIa3-
My, OyZeT mmperepreBaTh cCaMOBO3ieiicTBHEe. B yacTHOCTH, Y MOIYIMPOBAHHON BOJIHBI OyYyT U3MEHATHCS aMILIUTY-
Ja 1 Gaza MOAYIUPYIOIINX TAPMOHHK, OYAYT HOSBISATHCS CUTHAJIBI C YaCTOTAMH, KPaTHBIMU OCHOBHOW MOJYJIUPY-
IOLLEN YacToTe.

Pemenne MeTonoM MaslbIX BO3MYIICHHUH BOJIHOBOTO HEJMHEHHOTO ypaBHeHUs (1) C rpaHHYHBIM ycioBueM (2) B
MpUOTMKEHUN T€OMETPHUUECKON ONTUKU AJIS ClIydas HaKIOHHOTO MaJeHHs MOIyIHpoBaHHOW BY-pamuoBOIHEI C
BEKTOPOM HOJSIPU3aLUK, OPTOrOHAIBHBIM IIOCKOCTH PACIPOCTPAHEHHS B AEKAPTOBOM MPSIMOYTONBHOM CHCTEME
KOOpJMHAT (OCh Z COBMAJaeT ¢ HOPMAJIBIO K CJIOI0, BOJIHOBAsI HOPMaJIb JIEXKHT B IFIOCKOCTH YZ) TTO3BOJISIET OTIpeie-
JWTH HANPSHKEHHOCTH IMOJIsI B TITyOWHE MIa3MBbl, a TIOCIIe 3TOTO ONPEEIUTh BEIMUMHY KO3 dHUINEHTa HEITNHE HHBIX
nuckaxeHui (3).

r I’ r ror
AE —grad divE +C—Zs'(co,r,Eo(r))E=0_ (D)

3I[6CI) C — CKOpPOCTb CB€Ta, €' — KOMIUIeKCHas JUBJICKTPUYICCKas MPOHUIIACMOCTDb IIJIa3Mbl; (O — HUKJINYCCKas 4a-

crora BU-paanoBoHeI.
[Tone Ha TpaHHUIle TIA3MBI IPEACTABIACTCS B BHIE:

E|, = Eo[1+ 1, cOsQt]exp (—i %(sin 0,y + coseoz)). 2

3neck O — yroi najeHus BOJIHBI, Ly — IITyOnHa MOAYJSIMH, (2 — MOIyJIMpYIOIas 4acToTa.
O dexTnBHOCTH B3aMMOACHCTBHUS BOIHBI € IUTa3MOi (11 cirydast BU-BoiH, Korzia Veo<<®) OyaeT ompeneisTbes
K03((PUINEHTOM HETMHEHHBIX UCKAKECHUIL:

2
E, 1 T, (dv " ol
= 2| ——| = = | +3||1-exp| 2— z)cos0(z)dz | |. 3
171 E, | nycoso 2veo(dTelo > p C_([Xo( )cos(2) (3)

3necs Ep — mmasmenHoe mone [2], Veo — HEBO3MyIICHHAs (IPH OTCYTCTBHM HarpeBa) >(QeKTHBHAs 4acToTa
COyJapeHuit MeKTpOHOB, Eq — cpenHsst 10 TepsieMOl 3JIEKTPOHOM SHEPTHHU IIPH OJTHOM COYIapeHuH, y; — Koagd-
(ULKEeHT cBUTa MOHU3AILMOHHOTO paBHOBecHs (K03 (DHUIMEHT NPOMOPIUOHAILHOCTH MEXK/y H3MEHEHHEM KOHIICH-
TpalMy U W3MEHEHHEM TEMIIEpaTyphl), |, — HEBO3MYILEHHAs TeMIIepaTypa 3JIEKTPOHOB, | — TEMIIEpaTypa dJeK-
TPOHOB B TI0JI€ BOJIHBI, Ny — KOG GUIMEHT MPETOMIICHNUS, Yo — KO3 PHUIIMEHT NOTTIONICHHUS.
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IIpu 6 = 0 — umeem ciaydvaii, MOJHOCTHIO COBIAAAONINIA C HOPMAaIBHBIM MAJCHUEM BOJHBI HA CJIOW [2], 9TO CBU-
JIETEIBCTBYET O HEMPOTHBOPECYMBOCTH MOJIYYCHHOTO PEIICHUS U3BeCTHOMY. ClleIyeT OTMETUTb, YTO TAHHAS MOJICIb
HUMEeT OrpaHUYCHHOE MpPUMEHEHUe. BOMM3K TOYKU oTpakeHUs BOJHEI (O = 7/2), MaHHAs MOJEIb OKa3bIBACTCs He-
MPUMEHUMOH B CHITy TOTO, UTO B BEIpakKeHHUH (3) BO3HHKaeT HeonpeaeneHHocTs tuma (0/0).

ITepBoHauanbEHO B pacyeTax OMpeNeNsuiack TPACKTOPHS PACTIPOCTPAHCHUS PAJHOBOIHBI C YIETOM IPEIOMIICHHS.
3areM OIpenernsioch BO3ACHCTBIE PaIOBOIHEI Ha IJIa3My — BEIUHCIIIICS HATPEB JIEKTPOHOB B ITOJIE BOJHEBI BAOJb
MyTH pachpocTpaHeHus. Ha crmemyromem 3Tare pacCYMTHIBAJIOCH M3MEHEHHE 3(PPEKTHBHON YacTOTHl COyAapeHHUN
3JIEKTPOHOB B IDIa3Me, BO3HUKAIOIIEE B Pe3ylbTaTe HarpeBa. B 3akiroueHme ompenernsiach BeIMYnHa HeTMHSHHBIX
HCKa)KEHUH, BHOCUMBIX B CUTHAJ.

Y4uThIBasA, YTO MAaKCUMAJIbHBIC HEJIMHCIHBIC MCKaKCHHsI BO3HUKAIOT HAa TIEPBOM CKAuKe IPHU BXOJIC BOJHBI B
wiasmy, ans 1995 r. B paMkax JaHHOTO MPHOIMKCHUS OBLTH ONPEIEICHBI 3HAUCHUS ( JJI Pa3IMYHBIX PaJAOCTaH-
muit [1]. Tlpu yBenudyeHuun yriia majaeHus HaOmomaercs 3pPeKT HHBEPCHUU CYTOYHOro Xona Ko3(h(dHUIeHTa HEeIu-
HeWHBIX MCKakeHui (. J{yis mepenaronedt crannuu, Haxosieics B Jlonmone, ¢ Hecyieit yacroroit f = 15070 kI
MPOBE/ICHBI PACUYEThI CYTOYHOTO X0/1a K03 (QHUITMeHTa HETMHEHHBIX UCKAXKEHUH (.

[poBeneHHast OICHKA BIUSHUS HEIMHEHHOCTH HATPEBHOTO TUIA HA BO3HHMKHOBCHUE KPATHBIX TAPMOHUK B MOJYIIH-
pytomux KHY-curHamax 1mo3Boiiiia yCTaHOBUTE, YTO HaOmMogaeMasi KapTHHA KaueCTBEHHO MEHSIETCS B 3aBHCHMOCTH OT
yIJIa TIAJICHAST PaIFiOBOJIHEI HA IIa3My, PACCUMTAHHBIN CYTOYHBIN X0/ 00NamaeT PsIoM Cephe3HBIX OTIMYHH OT XO[a,
TIOTy4EHHOTO TIPH TIPOBEICHIH M3MEPEHUHA. JTO B CBOIO OYepedb OMPOBEPraeT MPUHATHIC MPEIIOI0KEHNS U SBIACTCS
KOCBEHHBIM JI0Ka3aTeILCTBOM TOTO, UTO B clieKTpe n3mydeHHoro BU-curaana KHY-rapMOHUKH OTCYTCTBYIOT.

CIIHCOK JINTEPATYPbI

1. Konecuuk A.I'., Konecauk C.A., KonmmakoB A.A., llluakeBnd b.M. AHanu3 qaHHBIX MHOTOJIETHETO MOHUTOPHHTIA 3JIEK-
TpoMarHuTHbIX nosneit // 3. BY3o0B. @usuka. 2000. Ne 1. C. 96-98.

2. Typeuu A.B., llIBapubypr A.b. HenmHeiiHas Teopust pacipocTpaHeHHUsI paJvoBOIH B noHocdepe. M.: Hayka, 1973.
272 c.

Within the framework of research of the phenomenon ELF-modulation of HF-signals occurrence is considered
by ionospherical propagation of HF-signals of modulating ELF-signals with multiple frequencies.

The estimation of influence of heating-nonlinearity on occurrence of multiple harmonics at modulating ELF-
signals is carried out. In work to be carried out comparison of results of mathematical modeling with the experi-
mental data. It is established, that the daily course of factor of nonlinear distortions qualitatively varies depending on
the angle of falling of a radio waves on plasma. It is shown, that the designed daily course possesses a line of serious
differences from experimental data.

CE30HHBIE BAPUALIUA SMUCCHUU BEPXHEI ATMOC®EPBI 630 HM B PETHUOHE
BOCTOYHOI CUBUPH
H.B. KoctbLi1eBa
Wuctutyt comaedno-3emuoit pusuku CO PAH, r. UpkyTck
Io pesynpTaram HaOIIOICHNH COOCTBEHHOTO CBEUEHHs BEpXHEH aTMoc(ephl NCCIEAYeTCsl CE30HHBIH X0/ IMHC-
CHH BepXHEH aTMoc(epsl B TMHAHA aTOMapHOTo Kuciopona Ha mmmHe BoixHBI 630 HM (Ol) B permone BocTounoit
Cubupu (52° N, 103° E). IToctpoeH cpeqHUil HOYHOU X0/ HHTEHCHUBHOCTH dMHUCCHH 630 HM Uil KaX0r0 MeCsIIa.

ITony4yeHHble JaHHBIE CPABHUBAIOTCS C CE30HHBIMU BapualusMU dSMUcCUU 630 HM, MOJy4YEHHBIMU B MPOIILJIbIE T'0O-
JIbl Ha IPYTUX CPEJHEIIMPOTHBIX CTAHIUMX.

JOJT'ONEPUOJHBIE BAPUALIUU ITAPAMETPOB CJIOS F2 MOHOC®EPBI ITIO JAHHbBIM
TOMCKOM HOHOC®EPHOM CTAHIIMM 3A IEPUO/T 19362003 r.

C.M. KoctokeBu4, b.b. Llp10ukoB

Tomckuil rocynapcTBEHHbIN YHUBEPCUTET, TOMCK
bair@elefot.tsu.ru

LONG-TERM VARIATIONS OF PARAMETERS OF LAYER F2 OF THE IONOSPHERE ACCORD-
ING TO TOMSK IONOSFERIC STATIONS FOR THE PERIOD 1936-2003

S.M. Kostjukevich, B.B. Tsybikov

B mocennaee Bpems mposiBisieTcs: OOJBIION HHTEPEC K NCCIIEI0BAHMSAM JIOJTONEPHOHBIX BapHaLiil (TPEHIOB) a-
paMeTpoB BepxHeH aTMocdepbl 3eMIIH, CBA3aHHBIX C IIHPOKO 00CYyXIaeMoil mpoOiaeMoi INoOaNIbHOTO M3MEHEHHMS
KmMata 3eMiil. B cBs3u ¢ 3TUM B MOHOC(EPHBIX HCCIEAOBAHUAX BO3HHUKIIO HOBOE HAIPABIICHUE, LIEIBI0 KOTOPOTO
SBJISICTCSl aHAIN3 PSJIOB JIAHHBIX BEPTHUKAJIBHOTO 30HIMPOBAaHMS HMOHOC(HEPH Ha INPEAMET BBISBICHHS YCTOWYMBBIX
TeHAEHINI poCTa WM, HA000POT, yMEHBIICHNUS aHAIN3UPYEMBIX XapaKTepUCTHK HOHOC(hepHOo ma3mel. [loBenenne
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3THX XapaKTEPUCTHUK CBSA3BIBAIOT C OOIIMM POCTOM TEMIEPATyphl Ha BBICOTaX TEPMOC(HEPHI U B IPU3EMHBIX CIIOSX aT-
Mocdepsl, MPUBOAAIINM K I3MEHEHHIO XUMUYECKOTO COCTaBa BepXHEH atmocdepsl. Tem He MEeHee, BOIIPOC O BO3MOXK-
HOCTH HCIIOJIb30BAHUS ITAPAMETPOB BEPXHEH aTMOC(EPBI, B YACTHOCTH, KPUTHIECKHUX YaCTOT PA3INYHBIX CIIOEB HOHO-
cdepbl 3eMIM Kak OJJHOTO W3 BO3MOKHBIX WHIWKATOPOB ITOCIIEACTBHI I7100aIbHOTO MOBBIMICHNS TEMIEPATYPHI TIPH-
3eMHOM aTMOc(epBl BCE €IIIE OCTACTCS] OTKPBITBHIM.

Bricokas KOppemsIus CpeIHeTOIOBBIX MEANAaHHBIX 3HAYCHUH KPUTHIECKOH YacTOTHI ciiosi F2 ¢ ypoBHEM co-
HeyHoi akTBHOCTH (CA) yKa3bIBaeT Ha HEOOXOAMMOCTh yYeTa COIHEYHO-00YCIIOBIEHHBIX BapHUalluil KpUTHUECKOH
vactoThl cnost F2 (foF2) npu ananuse TpeHAOB HOHOC(HEPHBIX MapaMeTpoB. M3 IuTepaTypbl U3BECTHBI Pa3HYHbIC
criocoObl ananu3za TpeHaos fyF2, omHaKO OCHOBHBIC BBIBOIBI TOMYYEHBI M3 PACCMOTPEHUS MEAMAHHBIX 3HAYCHUIT
KPUTHUYECKOH 4acTOThI ciosi F2, MOoy4eHHBIX B NOJJEHb WIM YCPETHEHHBIX 3a JHEBHOE BPEMs CYTOK, YTO HE I103-
BOJISIET OTCJIEIUTh JUHAMHMKY U3MEHEHHS! MOHOC(EpHBIX IapaMeTpoB B LiejoM. [loaToMy mpeacraBisieT GONbIION
UHTEpeC aHaIK3 TOJITOTIePUOAHBIX Bapuanuii foF2 B 3aBHCHMOCTH OT CE30HA M BPEMEHHU CYTOK.

s ananuza ponronepuoHbix Bapuanuit foF2 mcrnons3oBaiuch aHHBIE BEPTHUKAIBHOTO 30HAMPOBaHHs TOM-
ckoit moHocgeproit cranmmu (TUC) 3a mepuon 1936—2003 rr. [y HCKITFOUEHUS BIUSAHUS T€OMarHUTHOW aKTHBHO-
CTH B BapHAIUAX KPUTHIECKUX YacTOT cyios F2 paccunTeiBannch MecsSdHbIC MEIUAHBI IS BCEX |5-MUHYTHBIX Tak-
TOB 30HAMPOBaHUS (MTaTHBIN pexuM padoTsl TUC —15-MUHYTHBIN TaKT 30HANPOBAHUS, YHUCIIO IUKIIOB 30HANPOBA-
HUS B TEUCHHE CYTOK cocTaBisieT 96). s KaXaoro BpeMEHHOTO OTCYETa, IS KaXJIOTO MECSIa COOTBETCTBEHHO
Haxoauiack 3aBucuMocth foF2 ot ypoBus CA (W). [ns ucknrouenus 3aBucumoctu foF2 ot ypoBus CA u3 psgoB
JIAHHBIX HOHOC(EPHBIX MAPAMETPOB BBIYHTAIICS MOJIUHOM, apOKCUMHUpPYIoNHi 3apucuMoctsb foF2 ot W. Jlns toro
4TOOBI OLICHUTH TEHICHIMIO POCTa WM, HA000pOT, ymeHbineHust foF2, ¢punpTpoBaHHbIi psim mOABEpTaiCs TUHEH-
HOMY PETPECCHOHHOMY aHaiIu3y (JIMHEHHBINH TpeHA), M0 YIIy HAKJIOHA KOTOPOTrO IIPOM3BOAMIACE OLIEHKA CKOPOCTU
usmenenus foF2.

[Tomy4eHo, YTO B 3aBUCHMMOCTH OT C€30HA T'0JIa U BPEMEHU CYTOK HAaOJIIOIAI0TCS KaK MOJIOKUTENIbHbIE, TaK U OTPHU-
[[aTeTbHBIC TPEH/IBI, IPHYEM B ITOJYACHHBIC Yachl TPSHIBI OTPHUIATENBHBIC, @ B IEPEXOTHOE BPEMsI CyTOK M BEUCPHHE
Yachl MOJOKUTEIbHBIC.

B 3uMHHe MecsIBI B yTPEHHHE U THEBHBIC Yachl CKOPOCTh M3MeHeHus foF2 nmeer oTpuaTensHele 3Ha4eHus (0T-
pHIIATENBbHBIN TPEH), @ B HOYHBIE YaChI TOJI0KUTENbHBIE (TIOJIOKUTENBHBIH TPEHN).

B neprio BeceHHET0 paBHOJCHCTBUS B MIEPEXOIHOE BPEMsI CyTOK Ooiee sIpKO (IT10 CPaBHEHHIO C OCEHBIO) BBIpaXKe-
HBI MTOJIOXKUTENBHBIC TPEH/IBI, a CKOpOocTH M3MeHeHus foF2 1mo cBoeMy a0CcOMIOTHOMY 3HAYEHHIO TPEBBINIAIOT OCCHHUE
NPUMEPHO B JIBa—TPH pasa.

JleToM 3aBHCHMOCTB CKOpocTH m3MeHeHus f)F2 oT BpeMeHH CyTOK MOJ00Ha 3UMHHM YCIOBHSM, CKOPOCTH OTIIH-
YaroTCs Ha HeOOJIbIINE BEJIMYUHBI 10 CBOEMY a0COIIOTHOMY 3HAUEHUIO.

B 1enom 11t Bcex CE30HOB Tofia B MOJTYAEHHBIE Yachl HAOMIOAAIOTCA Pa3IMYHbIe 110 a0COMIOTHOM BEJIMYMHE OTPHU-
[aTeNbHbIE CKOPOCTH M3MeHeHus foF2, mpuyemM BeIMYMHBI OTPHIIATEIBHBIX CKOpocTell u3Mmenenus foF2 mo abcosrot-
HOMY 3Ha4YEHHUIO MPUMEPHO B IIECTh Pa3 NPEBBIIAIOT MOJI0KUTEIbHBIE B COCTABIIOT ~ 20-25 kI'11 B rof.

Recently the big interest to researches long-term variations (trends) of parameters of the top atmosphere of the
Earth, connected with widely discussed problem of global change of a climate of the Earth is shown. In this connec-
tion in ionospheric researches there was a new direction which purpose is the analysis of numbers of data of vertical
sounding of an ionosphere for revealing steady tendencies of growth or on the contrary, reduction of analyzed char-
acteristics of ionosphere. lonospheric plasmas connect the given behaviour of characteristics with the general
growth of temperature at ground layers of the atmosphere, leading change of a chemical compound of the top at-
mosphere. Nevertheless, a question on an opportunity of use of parameters of the top atmosphere, in particular criti-
cal frequencies of various layers of an ionosphere of the Earth as one of possible indicators of consequences of
global rise in temperature of a ground atmosphere still remains opened.

High correlation mid-annual medians values of critical frequency of layer F2 with a level of solar activity (SA)
specifies necessity of the account of the sun-caused variations of critical frequency of layer F2 (f,F2). From the lit-
erature various ways of the analysis of trends f,F2 are known, however the basic conclusions are received from con-
sideration of medians values of critical frequency of layer F2, received in midday or the day average for day time
that does not allow to trace dynamics of change ionospheric parameters as a whole. The big interest represents the
analysis long-term variations foF2 from a season of year and time of day.

For the analysis long-term variations foF2 data of vertical sounding Tomsk ionospheric stations (TIS) for the pe-
riod 1936-2003 were used. For exception of influence of geomagnetic activity in variations of critical frequencies of
layer F2 monthly medians for all 15-minutes steps of sounding (a regular operating mode the TIS — 15-minutes step
of sounding, the number of cycles of sounding within one day makes 96) paid off. For each time report, for each
month accordingly there was a dependence foF2 from a level of solar activity (W). For exception of dependence foF2
from level SA from numbers given ionospheric parameters the polynom approximating dependence foF2 from W
was subtracted. To estimate the tendency of growth or on the contrary, reduction foF2 the filtered number was ex-
posed linear regression to the analysis (a linear trend) on which corner of an inclination the estimation of speed of
change foF2 was made.

It is received, that depending on a season of year and time of day trends negative, and during transitive time of
day and evening hours positive are observed both positive and negative trends, and at midday o'clock. In winter
months in morning and a day time speed of change f,F2 for night hours has negative values (a negative trend), and
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at night positive (a positive trend). During a spring equinox during transitive time of day more brightly (in compari-
son with an autumn) are expressed positive trends, and speeds of change foF2 on the absolute value exceed autumn
in 2-3 times. In the summer behaviour of speed of change f,F2 from time of day similarly to winter conditions, dif-
fering thus on small sizes on the absolute value.

As a whole for all seasons of year at midday o'clock negative speeds of change f,F2 are observed various on ab-
solute size, and sizes of negative speeds of change f,F2 on absolute value in 6 times exceed positive and make 20—
25 kHz in a year.

UCCJEJOBAHUE MATHUTOUOHHOI'O PACIIEIIEHUS JIYYEM HA JAJIBHUX
KB-PAJJMOJIMHUAX

B.A. UBanos, /.B. UBanos, M.II. JlanTeB

Mapwuiickuii rocyapcTBeHHbII TeXHIUeCKHit yHuBepeuTet, Momkap-Omna, Pecry6mnka Mapuit D1
vai@marstu.mari.ru

W3BecTHO, 4TO Ha JEKaMETPOBBIX PaJUOIMHUSIX OONBIION MPOTSHKEHHOCTH MAarHUTOMOHHBIE KOMITIOHEHTBI HUXK-
HUX JIy4el He pa3pelaroTcs Jaxe coppeMeHHbIMU JIYM-n0oHO30HAaMH M3-32 MaJION 3aAepKKU Mexay HUMH. Oue-
BUJIHO, YTO TIPH OIPEAEJCHHBIX YCIOBUSAX pa3lielieHHe WHTep(epupyrommx MarHUTOMOHHBIX JIy4eid BO3MOXKHO C
MPUMEHEHHUEM MEeTO/Ia KEeTICTPaIbHOTO aHaIN3a.

Llenbro paboOTHI SIBJISIETCS TEOPETHYECKOE 0OOCHOBaHHE BO3MOXKHOCTH NMPUMEHEHHsSI KENCTPAIbHOIO aHajiM3a K
pa3leNieHHI0 MarHUTOMOHHBIX KOMIIOHEHT JIy4ueil Py HaKJIOHHOM 30HJMPOBAaHUU MOHOC(EPHI HENPEPHIBHBIM CHI-
HAJIOM C JIMHEHHOW YaCTOTHOM MoIynsuueH, pa3paboTka aJropuTMOB U MPOTPAMMHOTO o0ecTiedeH s il peanusa-
IIMM TaHHOTO METO/a U anpobanus pa3padboTaHHOTO paano(hU3NIECKOr0 METO/1a B HATypPHBIX KCIEPHUMEHTAX.

MaremaTHueckoe MoieJJUPOBaHHe

Oo61mee Beipaxenue 111 JIYM-curaana, U3rydaeMoro nepeiaTiukoM HOHO30HA, MOKET OBITh IPECTABICHO B
BUJIE!

aT(t)=a0cos(2n(f”t+0,51&)+<pl), 1)
rne f =1, + ft — Tekymas yactora; f e [ i, T ] , e fy u fy — HauanbHas ¥ KOHEYHAs YACTOTHI U3IYYAEMOTO

CUTHaJIa COOTBETCTBEHHO; f =df /dt — ckopocT M3MEHEHHUS YACTOTHI, (1 — HAYANbHAS (a3a CUTHAIA.

[Tocne pacmnpocTtpanenus nuarunoctupytomiero JIMM-curnana (1) B HoHOCGHEpHOM CTallMOHAPHOM paIuOKaHaje
(ta(t)=const) mpuaumaemspiii JITYM-curuan, nomnaaas B MpUEMHUK, 00pa0aThIBAETCSI METOOM CHKATHS B YaCTOTHOM
obnactu.

Huskouacrorusiii curaan A(t) pasHocTHO# 4acToThl, BeiaensieMbiii @HY, MOXHO 3amucarh B BUIE:

[, (D]as o [, (F)]a;
2

A(t) = iTCOS((pRj — Py ) = Z

e Ap=¢;,—¢,.
CurHan pa3HOCTHOM YacTOTHI A j-0i MobI epenaBaemMoro JJIUM-curnana MoxeT ObITh 3anucan 6e3 yuera
HavyalbHOU (ha3bl B BUAE:

COS(ZTr(er o —0,5f.rf,?/. + fr@,t)+A(p), 2)

A, (t) = H, cos(2nf ;1) (3)

B ciiyuae MarHUTOMOHHOTO PACIIEIUIEHHs CUTHAI TPEJICTABIISIET U3 ce0sl CyMMY JBYX KOMITOHEHT, OOBIKHOBEH-
HOU 1 HeoObIKHOBeHHOI (Ordinary u extraordinary). Toraa B Touke npueMa OyIeT MOJIyYeH CUTHA:

A(t) = H, cos(2nf t,t) + H, cos(2nf t,t) (4)
MOHyJ‘IL CHEKTPpa CyMMbl MArHUTOMOHHBIX KOMIIOHEHT MOKHO BbIYUCJIUTH 11O Q)OpMyHe:

) S
IS, +5,[* = |r0e""0 +re™| =r’+r’+2rr cos(¢, —,) =

T 2 2 T ©)
= (T,sinc((@,, —0)29)*(Hy" +H,”+2H,H, cos(Aa(t, + =)

rae Ao =2nAf = 2nf At,,a At, =1, —T,, —3a0CPKKA MEKITYy MATHUTOMOHHBIMU KOMIIOHCHTaMH;
Wy R~ Oy = 0y , T-€. 33AEPKKH MATHUTOMOHHBIX KOMIIOHEHT OJIM3KH.

BunHo, 4To KBaapaT CHEKTPaJIbHOHN IIOTHOCTH CYMMBI PAa3HOCTHBIX CHUIHAJIOB MarHUTOMOHHBIX KOMIIOHEHT
MMEET NHK Ha YaCTOTE (), , @ ETO AMILIATY/IA MOJIBEPKEHA TADMOHUYECKMM KOJIEOaHHAM, 9aCTOTa KOTOPBIX 3aBH-
CUT OT 3aJCPXKKU MEXIy MATHUTOMOHHBIMU KOMIIOHEHTAaMH, d aMIIMTY/a — OT COOTHOLLIEHUS UX aMIUIUTYI.

KencTp pa3HOCTHOro CUTHaIA MOXHO 3alMCaTh B CIEAYIOLIEM BUE:
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f,+f

c@)=| In[S(£) exp(i2afq)df = (2In(T,)+In(H, + H. %)) exp(i2na(f, +%)) f,sinc(2ng %) +

f

H

2
H,oH, . . f,
+ m exp(-i2nAt, Af )exp(i2n(q - 2A7,, )(f, +?))~ 9)

~%sin c(2n(q- ZA‘EZP)%) +2exp(i2n(f, + %)) f,sinc(2nq) %) +.

BI/II[HO, 4YTO 3a 3aJCP3KKY OTBEUYACT BTOPOEC CJIara€Moe B KCICTPE, MMCIOIIECEC MAKCUMYM Ha Ca4yToTe ( = At . Am-

IUIUTYyJ]a 9TOT0 CIaraéMoro 3aBUCHUT OT BEJIMUMHBI OTHOUICHUS MPOU3BEJICHHUS K CyMME KBaJpaTOB aMIUIUTY] Mar-
HUTOWOHHBIX KOMIOHEHT. [03TOMy &NaHHas cadyToTa OTCYTCTBYET, €CJIM HA NpPHEME OTCYTCTBYET XOTs ObI OJHA
KOMIIOHEHTA.

[Ipu penienun 3a1a4n OTMPENCICHNS 3aJEP)KEK MEXIY MarHUTOMOHHBIMH KOMIIOHEHTAMH Ba)KHO YMETh OLICHH-
BaTh YPOBEHb ITMKOB Ha Ca4TOTaX, COOTBETCTBYIOIINX MCKOMBIM 3anepkkaM. Kpome Toro, At HOIydeHHs! OLEHOK
SHEPTUH OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO JIydeH Hy>KHO 3HaTh MX aMIUIMTYZAbL. V3 aHanm3a mpeamoKeHHON
MOJIET! MOKHO CIIENaTh BBIBOJ, YTO OTHOIICHHE aMIUTUTYJ MarHNTOMOHHBIX KoMmmoHeHT H, /H, Bmmser Ha ypo-

BEHb MHMKOB KeICTpa. brlia nccienoBana 3aBUCHUMOCTh aMILIUTY/AbI IEPBOTO IHKa (Ha cayToTe, OTINYHON 0T 0 MKC)
OT OTHOIIEHHS aMIUTUTY MarHUTOMOHHBIX KOMIIOHEHT.

INockonbKy KemncTpanbHas 00paboTka YyBCTBUTEIbHA K BIMSHHUIO TIOMEX, OBUIO MPOBENICHO MCCIEAOBAHNUE C IIe-
JBI0 ONPENeNICHNs TPAHUI] IPUMEHUMOCTH JaHHOTO METOJla K PEUICHHUIO 33Ja4K ONpPENCNICHNs MallbIX 3a/iepxkKeK. B
pe3ysbTaTe MOJETUPOBaHMS OBLI ClIENIaH CIEeIYIOMMH BEIBOA: TIPH OTHOIICHWM CHUTHai/mryMm, meHbinem 30 nb, mo-
JIe3HBIE TIMKU Pa3MbIBAIOTCS IIYMOM U KETICTpalibHasi 00pabOTKa CTAHOBUTCS 3aTPYIHEHHOM.

HaTypHblii 3kcriepuMeHT U HHTepPNpeTanus NoJy4YeHHBIX JaHHBIX

OKCHEepUMEHTHI 110 anpoOayy anropuT™Ma ObIIIH MTPOBEICHBI HAa JBYX PaJUOIMHHUAX IIMPOTHOTO PaclpocTpaHe-
uus (Xa6aposck—Momkap-Ona u Inskip—Momxkap-Ona). B Hauasne GbUmM TOJTydYeHBI CIIEKTPBI MOIIHOCTH CHIHA-
JIOB Pa3HOCTHOM YacTOTHI I aHaIM3upyeMbix MoJ. Ilpu stom 2F2 sBisercs mepBoil mpuHHUMaeMOW MOJOH IS
tpaccel Xabaposck—Wormkap-Oina, a 1F2 — nepoii s tpaces Inskip—Homkap-Omna. KencrpansHoii 06padoTke
MOJBEPrajiuCh HWXHUE JIY4H, JUI1 KOTOPBIX MAarHUTOMOHHBIE KOMIIOHEHTHI HE Pa3peraiuch Mo 3a1ep:Kke HOHO30H-
JIOM C MHCTPYMEHTAIBLHOM pa3pelaronieil ciocoOHOCThIO, paBHO 24 MKC.

AHaJTH3 NOTydYeHHBIX KETCTPOB T0KA3al, 4T 1 Tpacchl Xabaposck—omkap-Ona 3anep:kka MX MarHMTOHOH-
HEIX KOMIIOHEHT Ha BBIJIENEHHBIX HAa HOHOTPAMME 4acTOTaX COCTaBJIa 3 MKC, /s Tpacchl Inskip—Houmkap-Omna —
2.15 MKc. OTH SKCHIEpUMEHTAIBHBIE PE3YNIBTAThI COTIACYIOTCS C TEOPETHUCCKUMH OIICHKAMH BO3MOXKHOH 3a/1€pKKU
MEKy MarHUTOMOHHBIMH KOMITOHEHTaMH ISl 3TUX paguoTpacc, MOJYYEHHBIMU B YHCIICHHBIX 3KCIIEPUMEHTAX C
UCIIOJIE30BAaHUEM CTaTUCTHUYECKON Moaenu nonocdepst IRI.

BriBOABI

Teopernueckn 000CHOBaHAa BO3MOKHOCTH IIPUMEHEHUSI KETICTPaJIbHOTO aHAIN3a K pa3/ielieHHI0 MarHHITOMOHHBIX
KOMIIOHEHT MOJI paclpOCTPaHEHUS NP HAKIIOHHOM 30HIHPOBAHUU HOHOCHEPHI HEMPEPHIBHBIM CUTHAJIOM C JIMHEH-
HOM 4aCTOTHON MOAyJIsIUEN.

[IpennosxeHo MPUMEHUTHh METO]] KeIICTPAIbHOTO aHATN3a K UCCIICOBAHHUIO XapaKTEPUCTUK MarHUTOMOHHBIX Y-
Yyell B IKCIIEPUMEHTaX 110 HAKJIOHHOMY 30HAMPOBAaHUIO HOHOC(hEpHl Ha Tpaccax OOJbLIOI MPOTsHKeHHOCTH. MeTox
MOKa3aJl, YTo Ha Tpaccax MpoTsbkeHHOCThIo 2500—-6000 kM pa3HOCTH 3aAepikeK MEXTy MarHUTOMOHHBIMH KOMIIO-
HEHTaMH NepBOI MPUHUMAEMON MOJIbI COCTaBIISET 2—3 MKC.

Pabota BeinosnHeHa npu nojaaepxkke PODU (mpoexrtsr: 04-05-65120, 05-07-90313).

RESEARCHING OF MAGNETOIONIC RAY SPLITTING ON LONG-RANGE HF RADIO
CHANNELS

V.A. lvanov, D.V. Ivanov, M.P. Laptev

It is well known that on long-range HF radio channels magnetoionic components of lower rays cannot be distin-
guished even by means of up-to-date chirps because delay is too short. Obviously that under determined condition
division magnetoionic rays possible with using the method cepstral analysis.

The purpose of the work is the theoretical motivation for the possibility of the using cepstral analysis to division
magnetoionic rays under tilted flexing the ionosphere by unceasing signal with linear frequency inflexion. The algo-
rithms and software for realization given method are developped. Designed radiophysicis method are experimentally
approved.

Mathematical modeling

The General expression for churp signal, radiated by ionosounder transmitter, can be presented as

aT(t):aocos(Zn(th+0,5ft2)+(p1), 1)
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where f =1, + ft is a current frequency;  f e[ f,, f ], where f; and f; are initial and final frequency of the

radiated signal accordingly; f = df /dt is a velocity of the change the frequency, ¢ is initial phase of the signal.

After spreading diagnosing LCHM signal (1) in ionospheric stationary radio link (t4(t)=const) taken LCHM sig-
nal, falling into receiver, is processed by method of the compression in frequency area.

HuskouacroTrsiit curaan A(t) pasHocTHOM 4acToThI, BeiaessseMbrit ®HY, MOXHO 3amicaTh B BUJIE:

LF signal A(t) can be written as:

m |H . (f)laZ m |H (f)a . .
At) = Z%cos((pRj ~oy)= Z%cos(h( fa—0,5ft], + fr t)+ A(p), (2
= j=1
where Ap=¢,—©,.
Signal for j modes sent chirp signal can be recorded disregarding initial phase in the manner of:
A (t) = H; cos(2nf 1;t) 3)

In the event of magnetoionic signal splitting presents from itself amount two components, ordinary and extraor-
dinary. Then in point of the acceptance will is received signal:

A(t) = H, cos(2nf t,t) + H, cos(2nf t,t) (4)
Module of the spectrum of the amount magnetoionic component can be calculated by the formula:

) 0
IS, +S, [ = |r0e"1>0 +re®™| =1’ +r?+2nr cos(h, —d,) =

i T 2 2 T ®)
= (T, sinc((w,,, — ®) ?3))2(H0 +H_“+2H,H_ cos(An(t, +?3)))

where Ao = 2rAf = 2nf At,,and At =1, —1
magnetoionic component delays are close).
It is seen that square to spectral density of the amount signal has a peak on frequency o, , but its amplitude to

subject to harmonic fluctuations, which frequency depends on delays between magnetoionic component, but ampli-
tude from correlation of their amplitudes.
Cepstrum of the signal possible to write in following type:

is delay between magnetoionic component; o, = o, =, (i.e.

apx

f,+f,

C(q) = j In|S( f )|2 exp(i2nfq)df =(2In(T,) + In(HO2 + Hf)) exp(i2nq(f, +%)) f,sinc(2nq %)+

f

H

2
HoH, _ _ (
+ [m} eXp(—I ZﬁATgpAf )eXp(I ZTE(q - ZAT:/;)( fH + ?)) . (9)

.%sin c(2n(q- ZATZ,,)%) +2exp(i2n(f, + %)) f,sinc(2nq) %) .

It is seen that for the delay answers second summand in cepstrum, having maximum on gerfrency q=At. The

amplitude this composed depends on values relations product to amount square amplitudes vfgnetoionic compo-
nents. So given gerfrency is absent if on acceptance is absent at least one component.

At decision of the problem of the determination delay between magnetoionic components it is important to know
how to value the level a peak on gerfrency, corresponding to sought delay. Besides, for reception estimation to ener-
gy ordinary and extraordinary rays it is necessary to know their amplitudes. From analysis offered models possible
to draw a conclusion that attitude of the amplitudes magnetoionic components H, /H, influences upon level peak

of the cepstrum. Explored dependency of the amplitude first peak (on erfquency different from 0 microsecond) from
ratio of the amplitudes MarHUTOMOHHBIX component.

Since cepstral processing sensitive to influence of the hindrances, was organized study for the reason determina-
tions of the borders to applicability given method to decision of the problem of the determination small delay. As a
result of modeling was made following conclusion: at attitude signal/noise smaller 30 db useful spades (peaks) are
smeared by noise and cepstral processing becomes labored.

Experiment and interpretation of obtained data

The experiments on approbations of the algorithm were organized on two radiolines of the width spreading (the
Khabarovsk—Yoshkar-Ola and Inskip—Yoshkar-Ola). At the beginning were initially received spectrums to powers
signal of the difference frequency for analysed modes. Herewith 2F2 is first taken by mode for route Khabarovsk —
Yoshkar-Ola, but 1F2 — first for route Inskip—Y oshkar-Ola. Cepstral processing were subjected to the lower rays,
for which magnetoionic components did not be permitted on delay by ionosonde with instrumental allowing ability
equal 24 microseconds.
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The analysis of obtainned cepstra has shown that: for route Khabarovsk—Yoshkar-Ola delay of pulse charach-
teristics magnetoionic components on chosen on ionograms frequency formed 3 microseconds, for route Inskip—
Yoshkar-Ola — 2.15 mkc. These experimental results will with theoretical estimation of the possible delay between
magnetoionic components for these radiolines, got in the numerical experiment with use the statistical model of the
ionosphere IRI.

Resume

Theoretically possibility of the using cepstral analysis is motivated to division magnetoionic components of the
modes of the spreading under tilted flexing the ionosphere by unceasing signal with linear frequency inflexion.

The offered method of cepstral analysis to study of the features magnetoionic rays in experiment on tilted flexing
the ionosphere on route of big extent. The offered method has shown that on route, extent 2500-6000 km, difference
delay between magnetoionic components first taken modes forms 2—3 microseconds..

ONITUMMU3AINUA TAPAMETPOB IPUEMHOI'O TPAKTA PAJIAPA HEKOT'EPEHTHOI'O
PACCESHUS

'A.B. 3aBopun, 'B.E. 3apyaues, “B.H. Kyaarun, °B.B. Jleneraes
1I/IHCTI/ITYT comHeuHO-3eMHOH pm3ukn CO PAH, UpkyTck;
2Omckuii roCyJapCTBEHHBIN TeXHUUECKuil yHuBepcuTeT, OMCK
kvnlab@mail.ru

OPTIMIZATION OF PARAMETERS OF RECEIVING SECTION OF INCOHERENT
SCATTERING RADAR
'A.V. Zavorin, 'V.E. Zarudnev, ?V.N. Kulagin, V.V. Lepetaev

Oco0eHHOCTBIO PaOdOTHI IPHEMHHKA B COCTABE UMITYJILCHOH MOHOCTaTHYECKON PaHOIOKAI[IOHHONW YCTaHOBKH,
NpefHa3HAYEeHHOH Ul MCCIIeAOBaHUs HOHOC(HEpEl METOIOM HeKkorepeHTHoro paccestHust (HP) n ogHOBpeMeHHOTO
M3MEpEHUs MapaMeTpoB KocMuueckux ammaparoB (KA), sSBisieTcsi COBOKYIHOCTh OOJBIIOTO YHCIa MPOTHBOPEUYH-
BBIX TPeOOBaHMUI{, 00YCIOBIEHHBIX MHOTOIUIAHOBOCTHIO OJJHOBPEMEHHO NMPOBOJAMMBIX UCCIIEOBaHHH.

K HuM criemyeT OTHECTH, B NEPBYIO O4epellb, BBICOKYIO UYBCTBUTEIBHOCTh, HEOOXOMUMYIO UIS TOJTyYEHHS
CIICKTPOB 00paTHOTO HEKOTEPEHTHOIO paccesHus U npoduieii momHoctn HP-curnana. AHanu3 KOrepeHTHBIX CHT-
HaJIOB, OTpakeHHbIX 0T KA, TpeOyeT BbICOKOI aMIUINTYAHO! JMHEHHOCTH MPUEMHOTO TPAaKTa U CTAOMIBHOCTH €T0
(ha30BBIX XapaKTepUCTHK. BBHUIY TOTO, YTO M3MepeHHe 000UX THUIIOB CHI'HAJIOB IIPOUCXOIMUT BO BPEMsl OJTHOTO XOJa
pa3BepTKH, HEBO3MOKHO (MJIM TEXHHUYECKH CIIOKHO) pa3JeNuTh JaHHBIE 3aa4l HA CAMOCTOSTEIbHBIE.

Kpome Toro, mMmmynsCcHbBIN XapakTep paOoThl pagapa TpeOyeT oOecreueHHs 3aIlUThl BHICOKOUYBCTBHTENBHBIX
BXOJIOB IIPUEMHOT'O TPAKTa OT NOPAKEHHU UMITYJIbCAMH NTepeJaTurKa.

Taxum 00pazom, BbICTpanBaeTCs IIEMOYKA TEXHUUECKHUX 337a4, COBOKYITHOE PEIIEeHHE KOTOPBIX MO3BOJISIET pea-
JM30BaTh BECh KOMIUIEKC OJHOBPEMEHHBIX M3MepeHuil mapamerpoB noHOochepsl n KA, momamaromux B 00beM,
OCBEIIAEMBINA PaJapoM.

[IpoTnBOpeYnBOCTH TPEOOBAHMI 1O 0OECHIEYEHNIO BEICOKOHM 4yBCTBUTEIHLHOCTH (KOG GHUIMEHT IIyMa He Ooliee
1.2) u Beicoko# nuHeHHOCTH (Oonee 70 n1b) HakIagpIBaeT KECTKUE OTPAHHYCHUS Ha TApaMeTpPhl IPHEMHOTO TPAKTa.
Bonbluas yaneHHOCTh U3MEPUTENILHOTO KOMILIEKCA OT IIPUEMHOM aHTEHHBI IPEIONPEACIAET PEAIU3ALMIO IPUEM-
HOTO TpaKTa B BHJIE PAaCIpPEAEICHHON CTPYKTYPHI C BRIHOCOM BXOIHBIX KaCKaJOB HEIIOCPEACTBEHHO K aHTEHHE. JTO,
B CBOIO Ou€peilb, MPUBOAUT K HEOOXOAMMOCTH 00ECIeUeHHs BBICOKOH JIMHEHHOCTH M Harpy304HOM CIIOCOOHOCTH
IIPEIBAPUTEIILHBIX KaCKal0B YCUICHHUS C LIENIBbI0 KOMIIEHCALUY TIOTEPh B JIMHUAX CBA3U.

B pesynpTare permeHus ONTHMHM3ALMOHHBIX 33734 B 00JIaCTH paguo(U3UKH, PAJHOTEXHUKH, CHCTEMOTEXHUKH,
CXEMOTEXHUKU M MPOrpaMMHUPOBAHMS PEaTH30BaH aBTOMATU3UPOBAHHBIM M3MEPUTENBHBIA KOMIUIEKC AJs pajapa
HP, npexncrasnstomuii co60if MHOrOKaHIFHOE pacIipeAeeHHOe paJlolpHeMHOe YCTPOMCTBO C TBOWHBIM IIPe00-
pa3oBaHMEM YacTOTHI, COCTOSIIEE U3 JIByX BHIHOCHBIX IPHEMHBIX YCTPOHCTB, IIEHTPOUa, popMUpoBaTeIel 4acToT-
HBIX [10JICTABOK NEPBBIX IeTEPOIUHOB U ynpasisomeil 9BM.

BriHocHoe npuemHoe ycrpoiictBo (BYII) Bkirouaer B ce0st 1Ba MICHTHYHBIX KaHala, KayKIbIH U3 KOTOPBIX UMe-
€T KJII0Y CTPOOMPOBAHNUS IIPUEMHOTO TPAaKTa Ha BpeMsl M3JIydeHHUs MepelaTyruKa; KoY M0Aa41 UMITYJIbCOB Kaauo-
paTopa; BXOJIHOW MaJOIIyMSIUI N30UpaTeNbHbI YCUIUTEINb; HAMPABICHHBIH OTBETBUTEIb, Pa3IENSIONIMNA CUTHAI
JUTA TIocneayromei 00paboTKH B y3KOW M IIMPOKOU T0JI0ce; M30MpaTEeIbHBIA YCHIIUTEbh BHICOKOHM 9acTOTHI, HATPY-
KCHHBI Ha TIEPBBIM CMECHUTENh; (IIBTP MEPBOH MPOMEKYTOUYHON YacTOTHI, (Pa30CTaOMIBHBIN IITMPOKOIOJIOCHBIH
YCHIINTENb; MPOTUBOIIYMOBON (MIBTP M IIMPOKOIMOJOCHBIH BBIXOJHON Kackag C JIMHEWHOCThIO He MeHee 5 B.
3nech xe B kopiryce BYII pacionoxeHbl yMHOXKHUTEIHN 9aCTOTHI IIEPBBIX FE€TEPOANHOB ISl KAaHAJIOB Y3KOi M IIHpO-
KOHM II0JIOC, @ TaKXe MMKpPOIIPOLIECCOpPHAs CUCTEMa YIPABJICHUS M MCTOYHMKM NHUTAaHUA. YIPaBIEHUE KaHAJIaMHU
npueMa M Iepejada B HEHTPOM] TeIEMETPUUECKOH MHPOPMAIMN OCYILIECTBIIETCS C MOMOIILI0 MOMEXO03aIINIIEH-
Horo nHTepdeiica.

B nenTpouae pacnonokeHsl TPaKThl BTOPOI MPOMEXKYTOYHOH YaCTOTHI YETHIPEX KAHAIOB Y3KOH U IIUPOKOU MO-
Joc, 050K (hOPMHPOBaHMSI OMOPHBIX YacTOT, MOJYJb YNPABJICHUS M MaHENb YIPaBJIeHHs MHOrokaHansHoro PITY.
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OO6miee ynpaBlIeHHE CHCTEMOW OCYIIECTBISIETCS OT ympasistomeid 9BM mocpencTBoOM MHOTO3KPaHHOTO MEHIO.
CeaHCBI I3MEPEHUN TIPOCKTUPYIOTCS B BHJE CIIEHAPHEB, KOTOPHIE PEaTN3yIOTCSl aBTOMATHIECKH B 33JaHHOE BPEMSI.

KommiekcHOe pemierne anmapaTHbIX W IPOTPaMMHBIX 3a/1a4 TIO3BOJIMIIO CO3/IaTh MHOTOKaHAJIHHOE aBTOMAaTH3U-
POBaHHOE PaIHONPUEMHOE YCTPOHCTBO C BRICOKIMH METPOJIOTHICCKAMH XapaKTePHUCTHKAMH.

Feature of work of the receiver in structure of the pulse monostatic radar-tracking installation intended for re-
search of an ionosphere by a method of incoherent scattering (IS) and simultaneous measurement of parameters of
space vehicles (SV), is set of the big number of the inconsistent requirements caused by diversity of simultaneously
spent researches.

Here it is necessary to carry, first of all, the high sensitivity necessary for reception of spectra of return incoher-
ent scattering and structures of power of IS signal. The analysis of the coherent signals reflected from SV, demands
high peak linearity of a receiving section and stability of its phase characteristics. Whereas measurement of both
types of signals occurs during one course of scansion, it is impossible (or it is technically difficult) to divide the giv-
en tasks on independent.

Besides the pulse nature of a radar demands maintenance of protection of high-sensitivity inputs of a receiving
section from defeat by impulses of the transmitter.

Thus, the chain of technical tasks which cumulative decision allows to realize all complex of simultaneous
measurements of parameters of an ionosphere and SV, getting in the volume covered by a radar is built.

Discrepancy of requirements on maintenance of high sensitivity (factor of noise no more than 1,2) and high line-
arity (more than 70 db) imposes rigid restrictions on parameters of a receiving section . Big remoteness of a measur-
ing complex from the reception aerial predetermines realization of a receiving section in the form of the distributed
structure with carrying out of entrance cascades directly to the aerial. It, in turn, leads to necessity of maintenance of
high linearity and loading ability of preliminary cascades of amplification with the purpose of indemnification of
losses in communication lines.

As a result of the decision optimization tasks in the field of radiophysics, a radio engineering, system engineer-
ing, circuitry and programming the automated measuring complex for radar 1S, representing the multichannel dis-
tributed radioreception device with double transformation of the frequency, consisting of two remote reception de-
vices, centroid, shapers of frequency supports of the first oscillators and operating computer is realized.

The remote receiving device (RDR) includes: two identical channels, each of which has a strobbing key a receiv-
ing section for the period of radiation of the transmitter; a key of submission of impulses of the calibrator; entrance
low-noise the selective amplifier directional coupler, a dividing signal for the subsequent processing in a narrow and
wide band; the selective amplifier of high frequency loaded on the first mixer; the filter of the first intermediate fre-
guency; the phase-stable broadband amplifier; the antinoise filter and the broadband target cascade with linearity not
less than 5 V. Here in case RDR frequency multipliers of the first oscillators for channels of narrow and wide bands,
and also a microprocessor control system and power supplies are located. Management of channels of reception and
transfer to centroid the telemetering information is carried out by means of noise-immune the interface.

In a centroid section of the second intermediate frequency of four channels of narrow and wide bands, the block
of formation of reference frequencies, the control module and the control panel multichannel of radioreception de-
vice are located. The common management of system is carried out from the operating computer by means of the
multiscreen menu. Sessions of measurements are designed in the form of scripts which are realized automatically
during set time.

The complex decision of hardware and program tasks has allowed to create the multichannel automated radiore-
ception device with high metrological characteristics.

O MOJAEJIUPOBAHUUN ATMOC®EPHOI'O AKYCTHUYECKOTI'O KAHAJIA
N.IO0. JIoob1ueBa, E.A. Ilonomapes, A.I'. Copokun

HuctutyT conreuno 3emuoit pmsuku CO PAH, UpkyTck
loir@iszf.irk.ru

ABOUT SIMULATION OF AN ATMOSPHERIC ACOUSTIC CHANNEL
l.Yu. Lobycheva, E.A. Ponomarev, A.G. Sorokin

Jlnst pacdera yCiOBHWA pacmpocTpaHeHHs MH(Pa3BYKOBBIX CHUTHAJIOB Ha OOJBIIHE PACCTOSHHS HEOOXOIUMO
3HATh CTPYKTYPY aTMOC(HEPHOT0 aKyCTHIECKOTO KaHajla T.€ pachpeie]IeHrne TeMIepaTypsl M CKOPOCTH BeTpa. Takoe
pacnpesieneHre MOKHO IOJIYYUTh U3 TII00aNbHBIX Moaenel atMocdepsl, HanpuMep MSIS, 1 OTKpBITHIX orepaTHB-
HBIX MeTeoposornyeckux JaHHbIX NOAA (CIIA), nomydeHHBIX B paMKkax coBMmecTHOro mnpoekta IDEAS
(Investigation of Distributed Environmental Archives System), KOTOpbIE 1OCTaTOYHO ITOJIHO OMHCHIBAIOT IOJIE TEM-

neparypsl M BeTpa.

o .
B pabote BBoguTcs mapamerp U = e kx2 , YCIIOBHO Ha3bIBaeMbIil moTeHIHanoM, e Q=w0=kV ,a o, V, C -

COOTBETCTBEHHO YaCTOTa, CKOPOCThH BETPA M CKOPOCTH 3ByKa. Bee mpocTpaHcTBO Aenutcs Ha ase obmactu: 1) U>0 —
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30Ha BOJIHOBOIHOTO pacmpoctpaHenus nHbppaspyka; 2) U<O — 30Ha CBOOOIHOrO pacmpoCTpaHCHHUsT HH(PpPa3ByKa.
Takum 00pazoM, aHaaM3 MOTEHIMANA MO3BOJISIET BBILACISATH B IIPOCTPAHCTBE 30HBI KaHAIM3aUKU WH(Pa3BYKOBBIX
CHTHAJIOB JUISl 33/IaHHBIX 3HAUCHUH © U K, .

B pabote oOcyxmaercs pacrpeneneHie 30H KaHATH3alWHd WHQpa3ByKa MO BHIOPAHHOI Tpacce W CpaBHEHHUE C
9KCIEPUMEHTAILHBIMU TAHHBIMU HAOJIIOICHUIT MUKPOOapoM.

For calculation of propagation conditions of infrasonic signals on large distances it is necessary to know struc-
ture of an atmospheric acoustic channel i.e. distribution of temperature and wind velocity. Such distribution is pos-
sible to receive from global atmospheric models, for example MSIS and open operating weather data NOAA (USA),
obtained within the framework of the joint project IDEAS (Investigation of Distributed Environmental Archives

System), which adequately describe a field of temperature and wind.
2

There is introduced the parameter U = %— k?, conditionally called as a potential, where Q= =kV ; o, V, C -

accordingly frequency, wind velocity and a sound velocity. All space is divided into two areas: 1) U > 0 — zone of
wave-guide distribution of an infrasound; 2) U < 0 — zone of free distribution of an infrasound. Thus, the analysis of
a potential allows to select in space of zone of the channel of infrasonic signals for values ®, K, .

In activity the distribution of zones of the channel of an infrasound on a selected line and matching with experi-
mental data of observations by a microbar is considered.

BAPUAIIAN TAPAMETPOB HOHOC®EPHOM IJIA3MBI B IIEPAO/I
CIIAJIA 23-T'O IIUKJIA COTHEYHOM AKTUBHOCTH

M.B. JIamenko

WucTtutyT nonocdepsr HanmonanpHoOM akageMnn Hayk 1 MUHHECTEpCTBA 00pa30BaHUs M HAYKH Y KPaWHBI
Lyashenko@kpi.kharkov.ua

VARIATIONS OF IONOSPHERIC PLASMA PARAMETERS DURING 23-rd CYCLE OF SOLAR
ACTIVITY DECLINE

M.V. Lyashenko

WHTepnperanus 1 MOAEINPOBaHNE BapHallMii OCHOBHBIX ITapaMETPOB HOHOC(EPHOH TUIa3MBbI SIBISIETCS] OXHON 13
aKTyaJbHBIX 3aJad HcclelloBaHUA TreokocMoca. VoHocdepa 3emim, CTpOro roBopsi, HE SBISIETCS CEepHUECKH-
CHMMETPHYHOM, YTO, B CBOIO OYEPEb, HAKJIA/IBIBACT OTPaHUYEHHS HA MCIIOJIb30BAHUE JAHHBIX, ITOJyYCHHBIX B O1-
HOM PErHOHE, IJIsl MOAEIMPOBAaHMS MOBEACHHS MapaMeTpoB HOHOC(EPHI IPYroro peruoHa B TexX ke mupoTax. [lo-
3TOMY BBISBJICHHE W aHAIN3 PErMOHAIBHBIX 0COOEHHOCTEH pacnpesieseHus mapaMeTpoB HOHOC(EPHI SBISIETCS 01-
HOM 13 BaXKHBIX 3a/1a4 CCIIEAOBAHMUS OKOJIO3EMHOM IIIa3MBbl.

B pabote npoBeneH aHaNIN3 CYTOYHBIX M CE30HHBIX Bapuauuii napamerpoB nonocdepsr B 2003—2004 rr., T.e. B
MEePHOJI CIajia COJTHEYHOW aKTUBHOCTH, JJIS JIaT, OJIM3KUX K BECEHHEMY M OCEHHEMY PaBHOJCHCTBUSIM, a TAKIKE JIET-
HEMY W 3UMHEMY COJHIIECTOSTHUSAM. JIJ1s1 HaOII0IeHN UCTIONIb30BaJICsl XapbhbKOBCKUHN pajiap HEKOTEPEHTHOTO pacce-
STHUSL.

Jns cpennux mupot LlenTpanbHo-EBponeickoro peruoHa NmoATBEPKIEHO, YTO OCHOBHBIE IapaMETPbl HOHO-
cepHOii ITa3MBl UCTIBITHIBAIOT 3HAUNTEIbHbBIE CYTOYHBIE U CE30HHBIE BapHaluy. Kak U cieoBano 0xunaTh, Bapu-
alliy JICKTPOHHOM KOHLEHTPAIMU VISl BEICOT HIKE MakcuMyMa obmactu F2 noHocepsl kak 3MMOH, Tak M JIETOM
KOHTPOJIMPYIOTCS TIPEUMYIIIECTBEHHO BEJIMUNHOM 3eHnTHOrO yria ConHia. Ha BeicoTax, O0JIBIINX BBICOTHI MakCH-
MyMa MOHM3AIMH, HOUBIO TOSBIIIOTCS JIOKAJIbHBIE MAKCUMYMBI, 00YCIIOBJICHHBIE OTOKAMH YacTHIl U3 Iu1azMocde-
pHI B HOHOCEPY.

Temneparypa 371eKTPOHOB TaKXKe HCIIBITHIBACT 3HAYNTENBHBIE CyTOYHBIC BApHALMK. B CyTOUHBIX BapHanmsax TeM-
nepaTypsl 3JIEKTPOHOB MPHUCYTCTBYIOT JjBa MakcuMyMa — yTpeHHu# (okoso 11:00 LT) u nueBnoi (okomo 16:00 LT). C
YBEJIMYCHUEM BBICOTHI TEMIIEPATYPbI AJIEKTPOHOB U MOHOB YBEJIMYHMBAIOTCS, MOJIOKEHHE YTPEHHEr0 M JIHEBHOTO
MaKCHMYMOB B CyTOYHBIX BapHaIMIX CMeIaeTcs Ha OoJiee paHHKUE U MO3[HUE Yachl COOTBETCTBEHHO.

IoaTBepxkaeHo cyliecTBOBaHUE A(QeKTa Ce30HHOH aHOMAIMM, 3aKJIIOYAIONIEroCs B IPEBBINICHHMH 3WMHHX
JIHEBHBIX 3HAYEHHI KOHIIEHTPALUH 3JIEKTPOHOB HaJl JICTHUMH 3HaY€HHSIMHU B OKPECTHOCTH MakcuMyMa obsiactu F2
HOHOC(EPBI. YCTAaHOBIIEHO, YTO B HHTEpBae BHICOT h ~ 190-260 kM MMeeT MECTO MPEBBILIEHHE IPUMEPHO B 2 pasa.
C yBenuyeHHeM BBICOTHI 3HaueHUs] N JIeTOM M 3UMOM BbIpaBHUBAIOTCS, a ¥ mpu h > 390 kM netHue 3Hauenust N
NpeBbIIAOT 3UMHUE. OCHOBHOM MeXaHU3M, OOBSCHSIONIMN CE30HHYI0 aHOMAJIHIO, MOXKET OBbITh CBSI3aH C CE30HHBI-
MH BapuanusMH B FOHHOM COCTaBE Ha BBICOTaX BOJIM3M MakcuMyMma obnacti F2 nonocgeps.

s TemnepaTyphl 3JIEKTPOHOB CE30HHBIE BapHAIMU BBIPAXKAIOTCS B TOM, YTO JTHEM JICTHUE 3HAUYEHHS | MPH-
mepHo Ha 100-150 K Gosbire, yem 3uMHHE 3HauyeHus, Houbto — Ha 150-800 K. [{ns Temrieparypsl HOHOB UMeEET
MECTO MOJO0HAs CHUTyallus — JHEM JIeTHHe 3HaueHus |; npumepHo Ha 100—450 K Goisblie 3MMHHX, HOYBIO — Ha
150-400 K. Takue ce30HHBIE M3MEHEHUsI TEMIICpaTyp MOHOB W 3JIEKTPOHOB MOATBEPXKIAIOT HECUMMETPHYHOCTH
3eMHOH MOHOC(EpHI BCIIEACTBUE HECOBIAJCHUS reorpaguyeckuX W MarHUTHBIX MOJIIOCOB, YTO HPUBOAMT K Kade-
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CTBEHHBIM M KOJIMYECTBEHHBIM Pa3INYMsAM B MPOCTPAHCTBEHHO-BPEMEHHOM PACIHpE/EICHNN TapaMeTpoB HOHOC(he-
psl B 3amagHOM 1 BocTouHOM momymapusx.

[NomydeHHbIE Pe3yNbTATHl B AANbHEHIIEM OyIyT CIy)KHTh B KAUECTBE PEIIEPHBIX ISl IIOCTPOCHUSI MOJIEIIN HOHO-
coepnr LenTpanmsHo-EBpornelickoro pernoHa.

Interpretation and modeling of basic plasma parameter variations is one of the topical geospace investigation
problems.

The Earth’ ionosphere, strongly saying, is not spherically symmetric that imposes restrictions on data using, ob-
tained in some region, for ionospheric parameter behavior modeling of another region at the same latitudes. There-
fore, revelation and analysis of ionospheric parameter distribution regional features is one of the basic problems of
the geospace plasma investigation.

In this study, a diurnal and seasonal variation analysis of ionospheric plasma parameters for winter and summer
solstices, vernal and autumnal equinoxes in 2003-2004, i.e. at period of the solar activity decline was carried out.
The Kharkov incoherent scatter radar is used for observations.

It is confirmed that basic ionospheric plasma parameters exhibit significant seasonal and diurnal variations for
mid-latitudes of the Central Europe. As it was expected, electron density variations at the heights below peak F2-
layer are controlled, mainly, by the solar zenith angle value both in winter and in summer. At night local maximum
appears at heights above ionization maximum due to particles flows from plasmasphere to ionosphere.

Electron temperature also exhibits significant diurnal variations. Two maximums — morning (near 11 LT) and
daily (near 16 LT) ones take place in these diurnal variations. lon and electron temperatures increase with height
increasing, morning and daily maximum location in diurnal variations shifts at more early and later times respective-
ly.

Seasonal anomaly effect existence including the exceeding of winter daily electron density values over summer
ones near peak F2-layer was confirmed. It is determined, that this exceeding compose by factor of 2 in range of
heights h ~ 190-260 km. Summer and winter electron density values become equal one to other with height increas-
ing, while summer electron density values exceeds winter values at h > 390 km. The basic mechanism, that explains
the seasonal anomaly, can be caused with ion composition seasonal variations at heights near peak F2-layer.

Seasonal variations for electron temperature (T.) show that daily summer values of T, are approximately 100—
150 K and night ones are 150-800 K greater than in winter in range of heights 260—1030 km. Similar situation takes
place for ion temperature (T;) — daily summer values of T; are 100-450 K and at night are 150-400 K greater than in
winter. Same seasonal changes of ion and electron temperatures confirm the asymmetric of the Earth's ionosphere in
consequence of convergence geographic and magnetic poles. This fact leads to qualitative and numerical differences
in spatial-temporal distribution of ionospheric parameters in the Western and the Eastern hemispheres.

Obtained results will use as reference elements for development of ionospheric model conformably to the Cen-
tral Europe region.

JABOPATOPHOE UCCJIEJJOBAHUE JIEKTPOHHBIX BBICBIIIAHUA B KOCMUYECKOM
OUKJIOTPOHHOM MA3EPE

A.B. Boponbsinos, C.B. I'osty0eB, JI.A. Mancdeaba

Wucturyt npuknanuaon ¢pusuku PAH, Hwkanit Hosropon
mdal981@appl.sci-nnov.ru

LABORATORY INVESTIGATION OF ELECTRON PRECIPITATIONS IN S
PACE CYCLOTRON MASERS

A.V. Vodopyanov, S.V. Golubev, D.A. Mansfeld

OO6cyxnaroTcs pe3yIbTaThl SKCIEPUMEHTAIBHOTO HCCIIEI0BAaHNUS aBTOKOJIEO0ATEIHbHOTO PEXMMa Pa3BUTHS LIHK-
JIOTPOHHOH HEYCTOMYMBOCTH HEPABHOBECHOH IIIa3MBI AJIEKTPOHHO-IIMKIOTPOHHOTO PE30HAHCHOTO pa3psia B Mpo-
CTOH MarHUTHOW JIOBYIIKE, TPOBOJANMOIO B paMKax padoT MO J1abopaTOpHOMY MOJIEIHPOBAHUIO HECTAIIMOHAPHBIX
MPOIIECCOB B KOCMUYECKHX IMKJIOTPOHHBIX Masepax. [Ima3ma B JIOBYIIKE COAEPKHUT JBE TOMYJISIHU JIEKTPOHOB,
0JIHA U3 KOTOPBIX (OCHOBHAS) MMEET KOHLIEHTPALHIO ~10% cv temieparypy ~300 3B, a npyras (3Hepruunas) —
coorserctBenno ~10'% em™ u 10 xoB. HeycroitunBoCTh MposIBIIsieTCSl B BUAE KBA3UINEPUOJUUECKUX MMITYJIbCHBIX
BBICHINIAHUI YHEPTUYHBIX IEKTPOHOB W3 JIOBYLIKH, CONPOBOXAAIOMIMXCS BCIUIECKAMH 3JIEKTPOMAarHUTHOIO M3IY-
YEHHS Ha YacTOTE HIKE 2JIEKTPOHHOM I'MPOYacTOTHl B IEHTPE JOBYILIKU.

[Ipy moMonM cUCTEMBI ATIOMUHHMEBBIX (HUIBTPOB PAa3IMYHOIN TOJIIIMHBI, YCTAHABIMBAEMOH IEpel AaTUYUKOM,
PETHCTPUPYIOIIUM 3JIEKTPOHBI (PiN-a10a0M), U3MepeHa QYHKIMS pacipeeieHus BIJICTEBIINX U3 JIOBYIIKU JJICK-
TPOHOB 1O 3HEprusiM. [lomydeHO MaKCBEIIOBCKOE paclpelesieHHe IO 3HEprusiM ¢ TemmepaTypoil ~8 xk3B. Oto
HaXOJIUTCS B XOPOIIEM COOTBETCTBHHM C PE3yNbTaTaMH M3MEPEHHH TEeMIepaTypbl YHEPTHUYHBIX DJIEKTPOHOB B JIO-
BYIIKE TI0 MX TOPMO3HOMY PEHTT€HOBCKOMY H3IYICHUIO.

C moMoIIpi0 U3MEpEeHNH fnaMarHeTu3Ma IjIa3Mbl IPOBEICHO MCCIIeOBaHNE JUHAMUKHI YHEPTOOOMEHa TropsIe
KOMITIOHEHTHI TUTa3MbI ¥ BO30Y)KJaeMbIX B Ma3epe BOJH.
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Ipu momory mepeMenaeMoro Pin-auoaa, pacioOKEHHOT0 B ANArHOCTHYECKON Kamepe, IPOBEACHBI n3Mepe-
HUS MPOCTPAHCTBECHHOTO PACTPECICHHUS BBUICTAIOIINX U3 JIOBYIIKH SHEPTUYHBIX AJIEKTPOHOB. Y CTaHOBJIEHO, YTO
MPOCTPAaHCTBEHHAs] CTPYKTYPa 3JIEKTPOHHBIX BBICHIITAHUH CYIIECTBEHHO 3aBHCUT OT BEIWYMHBI MATHUTHOTO TIOJIS B
[IEHTPE JOBYMIKH M IPH HEKOTOPHIX €ro 3HAUYCHHAX MOXKET HOCHTH CHJIBHO HEOJHOPOIHBIM Xapakrtep. Tak, mpu
MarHUTHOM TIOJIE JIOBYIIKH, COOTBETCTBYIOIIEM MakcuManbHOU reHeparuu CBU-m3mydeHus mpu MUKIOTPOHHOM
HEYCTOWYHMBOCTH, MAaKCUMYM 3JEKTPOHHBIX BBICHIIIAHNI HAOIIOJAeTCsl HA NMepudeprn CHUCTEMBI, B TO BPEMs KaK B
LEHTpe UMeeTcs IpoBall. [Ipy yBeTMueHNH MarHUTHOTO MOJII MaKCUMYM BBICBITIAHUI MTPHOJIMKAETCSI K OCH JIOBYIII-
KU M B HTOT€ paclpe/ielieHne NPUoOpeTaeT XapakTep paBHOMEPHO CIAJAIoNIero NpH ylaleHuu oT neHTpa. M3mepe-
HUS TIOKa3ajH, YTO PaJualbHOE paclpeesieHle KOHIIEHTPAllud OCHOBHOMH IIa3MBbl B OTJIMYME OT BBICBIIIAHUS JHEP-
THYHBIX 3JIEKTPOHOB OCTaeTCd MOHOTOHHO CHAJAOUINM OT LIEHTpa MPH BCEX PEeXUMax Harpesa. MOXHO Mpernono-
JKHUTh, YTO HEMOHOTOHHOE pajvalbHOE PACHpE/ICICHHE BBICHIIAaHUH 3HEPIHYHBIX 3JEKTPOHOB OOYCIIOBJIEHO COOT-
BETCTBYIOIINM PaclpeelIeHHEM 3JIEKTPOMAarHUTHOTO TI0JIS1 B BO30Y)KIAEMbIX NPH LUKIOTPOHHON HEYyCTOHYMBOCTH
BOJIHAX. B 3TOM OTHOIICHNHN HAOIIOIaEMOE SIBIICHHE MMEET CXOJCTBO ¢ (hOPMUPOBAHUEM IIPOCTPAHCTBEHHOH CTPYK-
TYpBI ITyJIbCUPYIONIUX MATECH B MOSIPHBIX CHSHHAX.

We present the results of experimental study of an auto-oscillation regime of the cyclotron instability in nonequi-
librium ECR-discharge plasma in a simple mirror machine. This work is performed in the context of laboratory
modeling of non-stationary processes in space cyclotron masers. The plasma comprises two populations of elec-
trons, one of which (bulk plasma) has the number density ~10™ cm™ and the temperature ~300 eV, and the other
(energetic) - ~ 10" cm™ and 10 keV, respectively. The instability occurs as quasi-periodic bursts of precipitated
energetic electrons, accompanied with bursts of the electromagnetic radiation at frequencies below the electron gy-
rofrequency in the trap center.

Using the set of Al filters of different thicknesses, placed in front of the energetic electrons detector (PIN diode),
the energy distribution function (EDF) of the precipitated electrons has been measured. As the result, the Maxwelli-
an EDF with temperature ~ 8 keV has been obtained. This result is in a good agreement with the measurements of
energetic-electron temperature by bremsstrahlung emission of the plasma.

The investigation of energy exchange between the hot plasma component and excited waves in maser has been
performed by means of plasma diamagnetism measurements.

By moving the PIN diode across the trap axis, we obtained the spatial distribution of precipitated energetic elec-
trons. It has been found that the spatial structure of electron precipitation essentially depends on the value of mag-
netic field at the trap center, and can be non—monotonic under certain conditions. In particular, if the magnetic field
corresponds to the most intense electromagnetic-wave generation upon the cyclotron instability, then the precipita-
tion is peaked at the periphery of the chamber, with a hole observed in the center. As the magnetic field increases,
the precipitation maximum approaches the center, and finally the distribution acquires a monotonic radial profile.
Measurements show that the radial distribution of the bulk plasma density, unlike the energetic-electron precipita-
tion, has a monotonic structure for all regimes. We attribute the non-uniform spatial structure of energetic electrons
to the respective electromagnetic field distribution in the waves excited upon the cyclotron instability. In this re-
spect, the proposed mechanism for the observed phenomenon has a similarity with the spatial structure formation of
pulsating auroral patches.

TOHKASI CTPYKTYPA I'EJIMOCP®EPHOI'O TOKOBOI'O CJI04 110 HCCJIEJOBAHUIO @Y K-
TYAIUU KOCMHWYECKHUX JIYYEU

B.B. MapkoB, B.!. Ko3i1o0B

Wucrutyt kocModusnueckux uccienoBanuii u asponomun uM. 10.I°. lagpepa CO PAH, fxyrck
valery@ikfia.ysn.ru

FINE STRUCTURE OF THE HELIOSPHERIC CURRENT SHEET BY RESEARCH OF COSMIC
RAY FLUCTUATIONS

V.V. Markov, V.l. Kozlov

Wzyuaercst HecTallMOHApHBII MEPEXO/IHbINA NPOLECC CMEHbI 3HaKa o0miero MarHuTHoro mojst CojiHIa B HHTEH-
CUBHOCTH TalakThdeckux kocmudeckux aydeil (I'KJI). M3yuenue nponecca NpoBOAUTCS HAMM Ha JIBYX Pa3IMYHBIX
Macirabax. Bo-mepBeix, Ha TeoddHeKTUBHBIX (azax 11-IeTHETO CONTHEYHOTO IUKIA MO CPeAHe0O0OpPOTHRIM (27-
JTHEBHBIM) 3HaueHusAM HHjekca meprannii I'KJI. Bo-BTOpBIX, B OKPECTHOCTH KPYIMHOMACIITAOHBIX BO3MYIIEHHUI
COJTHEYHOTO BETpa: CIOpaaIndecKux (B3phIBHBIC YIAapHBIE BOJIHBI U MAarHUTHBIE 00J1aka) M PeKypPEeHTHBIX (KOHTAKT-
HBIE yIapHBIE BOIHBI HA TPAHUIIE PA3HOCKOPOCTHBIX MTOTOKOB U «CTPYH» COJIHEYHOTO BETPA).

Oxupaercs, 9To MPH CMEHE 3Haka o0miero MarHUTHOro mojs CojHIa BapHaldy OTHOLICHHS KBAIPYyMOJBEHON
KOMITIOHEHTHI TOJISI K JTUTIOIBHOM €ro 9acTH JOJDKHBI NMPOSBHUTHCS B CMEHE CTPYKTYPHI TelHOC(hEpHOr0 TOKOBOTO
cios (I'TC) ¢ AByXCEKTOPHOM Ha YeTHIPEXCEKTOPHYIO (MYJIbTHCEKTOPHYI0?) U HA00O0pOT.

YyBCTBUTENFHOCTh MHIEKCA MEPLAaHNH KOCMHYECKHUX JIydel K M3MEHYMBOCTH CTPYKTYPHl MEXKIUIAHETHOTO Mar-
HHUTHOTO T10JIsI IO3BOJISIET TIOJYYUTh BaXKHYI0 HHPOPMALIMIO O TMHAMUKE CTPYKTYphl [ TC — BaXKHOT0 MOy IMPYIOLIETO
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napameTpa s uHTeHcuBHOCTH ['KJI. B mTore momyden BeiiBieT-o0pa3 KpynmHOMAcITaOHOTO BO3MYIIICHUSI B HHTCH-
cusHoctu ['KJI (adpdexra DopOyrua) 1 BeIsSBICH XapakTepHblid Maciutal BosHbl akTuBHOCTH [ TC —1=4 £ 1 cyT.

The non-stationary transient process under a sign-change of general magnetic field of the Sun in the galactic
cosmic ray (GCR) intensity is studied. We consider the transient process on two different scales. First — on geoeffec-
tive phases of the 11-year solar cycle by 27-day values of a flicker index of GCR. Second — in the vicinity of large-
scale solar wind disturbances: sporadic (blast shocks and magnetic clouds) and recurrent (contact shocks at the
boundary of the streams with different velocities and a “streams” of solar wind).

It is expected that under a sign-change of general magnetic field of the Sun the variations of a ratio of quadru-
pole field component to its dipole part have to be manifested in the change of the heliospheric current sheet (HCS)
structure from the two-sector to the four-sector (multi-sector ?) and on the contrary.

The sensitivity of the cosmic ray flickers index to the variability of the interplanetary magnetic field structure al-
lows obtain important information on the HCS structure dynamics as an important modulating parameter for the
GCR intensity. As the result, “wavelet-image” of the large-scale disturbance in GCR intensity (Forbush-effect) has
been found and characteristic scale of HCS “active wave” is detected — © = 4+1 days.

BAPUAIIMU KPUTHYECKHUX YACTOT F2-OBJIACTH HOHOC®EPBI
IO JAHHBIM KPYI'OCBETHOI'O PATMO30H/IUPOBAHU A

B.A. MomkoBa

WuctutyT comreuno-3emuoi pusuku CO PAH, UpkyTck
moshkova@iszf.irk.ru

VARIATIONS OF THE IONOSPHERIC F2-REGION CRITICAL FREQUENCIES
USING ROUND-THE-WORLD RADIO SOUNDING

V.A. Moshkova

KpyroceTHbie paguocursansl B qekamerpoBoM nuanasone (KC) Obumn oTkpbiTe B 20-X rr. mponuioro Beka. C
TeX MOp MX CBOICTBAa HEOJHOKPATHO HCCIEIOBAINCH BO MHOTHX 3KCIHEPUMEHTAIBHBIX U TEOPETUYECKUX paboTax.
Bonpoc nuarHOCTHKH mapaMeTpoB MOHOC(EPHI ¢ MCIONB30BAHHEM JAaHHBIX KPYTOCBETHOTO PAaJHO30HANPOBAHMS
TaKoKe ITOJHUMAJICS, HO 10 KOHIA He OBbUT pa3paboTaH.

JlanHas paboTa MO3BOJSET C MOMOIIBI0 OTHOCHTEIBHO HECJIOKHOTO aHAJIN3a HKCIICPUMEHTAIBHBIX JAHHBIX 110
KPYTOCBETHOMY PaAHO30HINPOBAHHIO IPOBOIUTH OIEHKY BapHalUi KpUTHIECKUX dacToT F2-o6mactu monocdepsl
(foF2) B TpymHOZOCTYIHBIX y4acTKax 3eMIIU IS CHOKOHHBIX T€OMarHUTHBIX YCJIOBHH. AKTYallbHOCTh TaKOd pado-
THI CBSi3aHa C TeM, 4TO Bapuarwmu foF2 0To mHS KO MHIO Jaxe JUIs CIOKOMHBIX YCIIOBHI MOTYT JOCTHIaTh CyIIe-
CTBEHHBIX BEJINYHMH, OCOOCHHO B BEUEPHHUE M YTPEHHUE YaChl, OJJHAKO HCIIOJIb3YEeMOI MOJIENIbI0 OHH HE OIMCHIBAIOT-
csl.

['MaBHOM MPEAMOCHUTKOM, MOCTYKHBIICH OCHOBOM /s pa3pabOTKM METOMMKH oleHKku Bapuanuit foF2, crano
TPE/ION0KEHNE O MPEUMYIIIECTBCHHOM BIMSHUU 00JIACTH MHUHUMAIBHBIX 3HaueHu# foF2 Ha BennuuHy MakCHMAaITb-
HBIX puMeHNMbIX 4acToT KC. B Xo1e MHOrO4HCIEHHBIX PacdeToB C MCIOJIB30BaHUEM MEXIYHApPOIHOM CIIpaBOY-
HOHM Mozenu noHocdeps! IRI 1 KomIIekca, OCHOBAaHHOTO Ha METO/I€ HOPMaJIBHBIX BOJIH, 3TO NPEIIOJIOKEHUE OBLIO
poBepeHo. B kadecTBe HKCIIEPUMEHTAIBLHOTO MaTepHala HCIIOIb30BAINCH JaHHBIC, NTOJyYEHHbIE HA POCCHICKOM
cetd JIYM-UOHO30HI0B.

[Tocite mpoBeIeHHBIX MPSIMBIX OIIEHOK HAMETWIINCH MTYTH Mepexo/ia K PeeHHI0 00paTHOH 3a/1auu:

— Ha OCHOBE MOJIEJIFHBIX PACcUYETOB BBIIEISIETCS 00JaCTh MUHUMAaJbHBIX 3HaueHuH foF2, 11t KoTopoi npoBoauT-
CS1 KOPPEKIuS;

— 10 U3MEHEHHUIO MaKCUMaNbHBIX HabmronaemMsIx yacToT KC Ha OCHOBE OIIEHOK, POBEIEHHBIX NPEABAPUTEIHHO
JUTSL TAHHOM TPAcChl, ONPEIENSIOTCs BO3MOXHbIe Bapualuu foF2 B Bemenennoit obnactu.

Ha ocHOBe TaHHOY METOIMKYN M UMEIOIINXCS B OT/IEJIe SKCIIEPUMEHTAIBHBIX JaHHBIX MOYKHO MCCIIEIOBATh BapH-
armu foF2, cBsi3aHHBIE CO CMEHOI THEBHBIX M HOYHBIX YCIIOBHIT BIOJIb Tpacchl pactpoctpanerus KC.

High-frequency round-the-world signals (RTW) were discovered at the 20" years of the past century. Since then
the RTW properties were investigated at the many experimental and theoretical works. The question of ionospheric
parameters diagnostics using RTW data was posed also but it was not elaborated.

This study allows to estimation the critical frequencies variations of the F2 ionospheric layer (f,F2) at the terres-
trial region difficult to access for the quiet geomagnetic conditions with assistance of relatively simple analysis of
RTW radio sounding data. Significance of such work is connected with the problem that f,F2 variations from day to
day even for the quiet conditions can reach considerable magnitudes especially for evening and morning hours but
the variations are not described by used model.

The main background for the method of foF2 variations estimation serves assumption about the primary influ-
ence of minimum foF2 magnitudes region to RTW maximum usable frequencies magnitudes. This assumption was
tested by numerous computations using International Reference lonosphere (IRI) and the program based on the
normal wave method. As experimental material there were used data obtained at the Russian chirp ionosounders net.
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The way for the solution of the reverse problem of diagnostics is following:

The region of the minimum f,F2 magnitudes is determined on the base of the model calculations.

The possible foF2 variations at this region are determined using the RTW maximum observed frequencies.

On the base of this method we can investigate f,F2 variations concerned with the changing of day and night ion-
ospheric conditions along the RTW path.

OTHOCHUTEJIbHASI AMILIUTYJIA BAPUAIIMIA TOJTHOT'O SJIEKTPOHHOI'O COJIEPKAHUS
O JAHHBIM I''TOBAJIBHOM CETH GPS

II.A. Owxorun, E.A. Kocoropos

WuctutyT conneuno-3emHoit ¢pusuku CO PAH, Upkytck, hh@iszf.irk.ru

RELATIVE AMPLITUDE OF TOTAL ELECTRON CONTENT VARIATIONS AS DEDUCED FROM
GLOBAL GPS NETWORK

P.A. Ozhogin, E.A. Kosogorov

OnHO# U3 KITIOYEBBIX MPOOJIEM HCCIIeI0BaHI HOHOC(HEPHI ¢ MOMOIIBIO TPAHCHOHOC(HEPHOTO 30HANPOBAHUS SIB-
JSIETCSI BOTIPOC O COOTBETCTBUH NMApaMETPOB MOHOC(HEPHBIX BO3MYIICHHH, ONPEAEICHHBIX MO JaHHBIM W3MEPEHUH
MOJHOTO 3J1eKTpoHHOTO conepxanusd ([19C), nmokaapHBIM XapaKTEpHCTHKaM BO3MYIIEHHWH 3JIEKTPOHHON KOHIIEH-
Tpanuy, 00yCIOBIEHHBIX PAaCIPOCTPaHEHUEM aKyCTHUKO-TPaBUTAIIMOHHBIX BONH (AI'B) ecTecTBEHHOTO U TEXHOTEH-
HOTO NPOUCXOXKJIEHHs (aBpopajibHbIC SBICHUS, MeTeod()(EKThI, 3eMIETPIACCHHUSI, B3PBIBBI, 3aIlyCKH paKkeT W T.J.).
[Ipexxae Bcero, Ha Kakod BBICOTE PACIOJIOKEHa M KaKOBa MPOTSHKEHHOCTH IO BBICOTE 00JIACTH MOHOCQEpHI, TIe
(dhopmupyercst ocHOBHO# Bkiaj B Bapuanuu [I9C? OTBeT Ha 3TOT BOMPOC HEOOXOAUM KakK I HHTCPIPETAIlUH TaH-
HBIX 0 Bapuarusax [19C B nuamnasone nepuoaoB AI'B, Tak u A BIOOpA yCIOBHOM BBICOTHI B HOHOC(EpE, sl KOTO-
PO pacCUNTHIBAIOTCS] KOOPAMHATHI MOIBIOHOC(HEPHBIX TOUCK.

Teopernueckue OIEHKH OBLIM ITOJYUIEHBI B [EJIOM psifie paboT, BKiIIo4Yasi oOmupHble 0030psl. Pe3ynbraTsl pac-
YeTOB ITOKA3aJIM, YTO MaKCHMAIIbHOE 3HaYeHHe OTHOCUTeNIbHON aMIumuTy bl AN/N mocTuraercst B OKpEeCTHOCTH MaK-
cuMyMa ciosi F2 u BappupyeTcs B 3aBHCHMOCTH OT Te0(M3NUECKHUX YCIOBHI B mpeaenax ot 5 1o 40 %. Beme mak-
CHMyMa aMIUINTY/la BO3MYIICHHUS OBICTPO YOBIBAa€T ¢ BBICOTOH, YMEHbBIIAACH B J[Ba pa3a Ha MHTEPBAJIE BBICOT I10-
psinka 100 kM, HECMOTPS Ha TO, YTO JIOKAJIbHAS AJICKTPOHHASI KOHIICHTPAIHA BBIIIE MakcuMyMa F2 criagaet ropasao
MeJICHHEe.

Jnist mpoBepky pacueToB HEOOXOIUMO TPHUBIICYCHUE TAHHBIX TPAHCHOHOC(EPHOTO 30HAUPOBAHKS U JaHHBIX pa-
JlapoB HekorepeHTHOro paccestaust (HP), mOCcKonbKy TOMBKO 3TOT MHCTPYMEHT 00JiajjaeT He0OXOJUMON YyBCTBH-
TENILHOCTBIO MPH JIETEKTUPOBaHUH HOHOChepHoro oTkinka AI'B B mupokom nuanazone BoicoT (o1 150 no 800 km)
U I0CTaTOYHBIM BBHICOTHO-BPEMEHHBIM Pa3peIIeHUuEM.

OcHOBHOM 3aadyell HacTOALIeH pabOTHI SBJISETCS KOMIUIEKCHOE HCCIIEIOBAaHHE MPOCTPAHCTBEHHO-BPEMEHHBIX
XapaKTepPUCTUK OTHOCUTENbHOM ammutyasl dl/1 Bapuanuii monHoro anekrponHoro coxepxanus (II19C) B cpaBHe-
HHU ¢ oTHOcHTeNnbHON aMIuinTynoi AN/N Bo3MyLIeHH JTOKaIbHON NEKTPOHHOM IUNIOTHOCTH B LIMPOKOM AHANa30He
MIEPHO/IOB BO3MYIIEHHH, B CIIOKOMHBIX M BO3MYIIEHHBIX T€OMAarHUTHBIX YCJIOBHSX, HA PA3IMYHBIX IIUPOTaX, B pas3-
JIMYHOE BPEMSI CYTOK.

DKCHepUMEHTAIbHON OCHOBOM ormpenenenust xapakrepuctuk [19C sBustorcss HakomneHHble B UC3d nanuble
MEKIyHApOIHON Ha3eMHOH CeTH ABYXYacCTOTHBIX IIPHEMHHUKOB HaBHTalMOHHOH cucteMbl GPS, HacuuThIBaromen K
2005 r. e menee 2500 myHKTOB U MocTaBlstonleil Jannbie B Internet. O6muii 06beM UCXOIHBIX AaHHBIX ¢ 1998 mo
2005 r. coctaBisier He meHee 70 I'6. ba3a maHHBIX mapamMeTpOB BO3MYIIEHUH JTOKAIBLHOM 3JIEKTPOHHON KOHIIEHTpa-
L[MM COCTOMT U3 Pe3yJbTaTOB M3MEPEHH Ha HU(ppoBoM noHO30HIe DPS-4 1 Ha pagape HEKOrepeHTHOTO PacCestHUs
NC3®. Texnonorndeckoil ocHOBOH ABIA0TCS paspadboTanHsle B NIC3® CO PAH mMeTons! M TEXHOJIOTHA TI00alb-
Horo GPS nerexkropa moHOC(EpHBIX BO3MYIIEHHH, BBICOKAsh YyBCTBUTEIBHOCTh KOTOPOTO IO3BOJISIET aHAJIM3UPO-
BaTh HOHOC(EPHBIE BOZMYIIEHUS C aMILUIUTY 10U /10 1023 or ¢onosoro 3Hauenus [193C.

One of the key problems of ionospheric investigations, using transionosperic sounding, is a question of corre-
spondence between parameters of ionospheric disturbances, determined from total electron content (TEC) measure-
ments, and local characteristics of electron density disturbances, caused by propagation of natural and anthropogenic
acoustic-gravity waves (AGW) (auroral phenomena, meteorological effects, strong earthquakes, explosions, rocket
launchings, etc). First of all, what is the altitude and extension of ionospheric region, which forms main contribution
in total electron content variations? Answer on this question is needed in order to interpret data about TEC varia-
tions in period range of AGW, and also to select an altitude, for which coordinates of subionospheric points are cal-
culated.

Theoretical estimations were developed in many publications, including thorough reviews. Results of calcula-
tions showed, that maximum relative amplitude value dN/N is reached in vicinity of maximum of F2-region and
varies from 5 to 40 %, depending on geophysical conditions. Above maximum, amplitude of disturbance decreases
in two times on the interval of about 100 km, in spite of fact that local electron density above maximum of F2-
region decreases much more slower.
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To prove calculations we need to attract data from transionospheric probing and data from incoherent scattering
radar (ISR), because only this instrument offers required sensibility when detecting ionospheric response on AGW
in wide range of altitudes (from 150 to 800 km) and has sufficient altitude and time resolution

Main objective of this work is complex research of spatial-time characteristics of relative amplitude dI/l of TEC
variations in comparison with relative amplitude dN/N of local electron density disturbances in wide range of time
periods of disturbances, in quiet and disturbed geomagnetic conditions, in different latitudes, and in different time
intervals.

Experimental basis for determination of characteristics of TEC is data collected from international ground-based
network of GPS receivers, which consists of no less than 2500 stations in 2005 and provides data into Internet. Total
amount of input data from 1998 to 2005 years consists of no less than 70 Gh. Database of parameters of local elec-
tron density disturbances includes results of measurements made on digital ionosonde DPS-4 and incoherent scatter-
ing radar located at the ISTP. Technological basis is method and technology of global GPS detector of ionospheric
disturbances (developed at the ISTP), which allows to analyze ionospheric disturbances with amplitudes up to 107
from “background” value of total electron content.

O MOJEJIUPOBAHHUU XAPAKTEPUCTHUK CUT'HAJIOB BH3 C YUYETOM PEJIBE®A
3EMHOM MOBEPXHOCTH

A.B. Oiinan
NuctutyTt comueuno-3emuoi ¢pusuku CO PAH, Upkytck, oinats@iszf.irk.ru

ON SIMULATION OF THE BACKSCATTER SIGNAL CHARACTERISTICS TAKING INTO ACCOUNT
TERRESTRIAL SURFACE RELIEF

A.V. Oinats

Merto/1 BO3BpaTHO-HAKJIOHHOTO 30HAMpoBaHus noHocdeps! (BH3) o0ycnoBieH criocoOHOCThIO 3¢MHON MTOBEPX-
HOCTH 3()()eKTHBHO paccenBaTh PaJNOBOIHBI JEKAMETPOBOTO AWana3oHa B 00paTHOM HarpaBiIeHHH. MOIIHOCTE U
CTPYKTYpa NMPHHUMAEMOI0 CUTHAJIA 3aBUCSAT OT OOJBIIOro 4uciia (JaKTOpPOB, B YACTHOCTH, OT CBOMCTB 3€MHOM I10-
BEPXHOCTH BJIOJIb TPACCHI PACIIPOCTPAHEHUS.

Kak cBUIETENbCTBYIOT SKCIIEPUMEHTAIbHBIC JaHHBIE, Ha aMIUINTyAy curaanoB BH3 cuneHO BiuseT ¢opma pe-
nbeda 3eMHON noBepxHOCcTH. Hampumep, nonorpamMmmsl BH3, nmony4eHHbIe npy 30HANPOBAHUH B CEBEPO-BOCTOUHOM
HanpaBieHUH oT VIpKyTcKa, OTJIIMYAlOTCS OT COOTBETCTBYIOUIMX MOHOTPaMM JJIS 3alaHOTO M CEeBEpO-3aIlaJHOro
HarnpaBieHuil 0oJbIIell HHTEeHCUBHOCTHIO MPUHUMAEMOro curHana. Taxkoe pasinuune, mo-BUINMOMY, CBSI3aHO C TOP-
HBIM XapakTepoM peiibepa MECTHOCTH BJIOJIb TPACCHI PACIIPOCTPAHEHHS] CUT'HAJIA, KOTOPBII NPUBOANT K MHTCHCHB-
HOMY paccesiHHuIo B 0OpaTHOM HampasieHuH. Kpome Toro, Hepenko Ha moHorpamMmax BH3 naOmonaroTes otnens-
HBIE CIIeJIbl, KOTOPBIE XapaKTepU3yIOTCs C1a00i YacTOTHON 3aBUCHMOCTBIO BPEMEHH PacIpOCTPAHEHUS] CUTHAJIOB U
HEPETYJAPHOCTBIO MOSIBICHUS UX B OKCIIEPUMEHTaxX. Takue cieqbl MOKHO TPAKTOBATh, B YACTHOCTH, KaK pe3yabTaT
3€PKAJBHOTO OTPAKEHHS OT «TOYEUHBIX» OOBEKTOB, HAXOJSIIMXCS Ha NMOBEPXHOCTH 3eMJH. B ponm Takux Toded-
HBIX OOBEKTOB MOTYT BBICTYNaTh, HAIIPUMEP, TOPHBIE XPeOTHI C ONPEETICHHBIM YIJIOM CKJIOHA. B cBsI3M ¢ 3THM BO3-
HHUKaeT MpobiieMa MOJAEIMPOBAHUS aMIUIUTYAHBIX XapaKTepHCTHK curHaioB BH3 B ciydae spko BBIpaKEHHOTO
TOPHOTO penbeda 3eMHON TTOBEPXHOCTH BIOJb TPACCH pAaCIPOCTPAaHCHUS UIS NPAaBUIBHOM MHTEPIpPETalny dKCIIe-
PUMEHTAJIBHBIX JaHHBIX.

B noxnane uccienyercss BO3MOXKHOCTh y4deTa FOPHOIO peiibeda 3eMHOM MOBEPXHOCTH MPHU pacdeTe XapakTepU-
ctuk curHagoB BH3 B pamkax MeToza HOpManbHBIX BOJH. PaccMOTpeHHe MPOBOIUTCA Ui CiIydas a3uMyTajbHO-
CUMMETPUYHOM MoHOchepsl. CoryacHO MHTErpanbHON Teopeme Kupxroda—Iensmronbua paccessHHOE ITOBEPXHO-
CTBIO T10JIE€ OTIPEEISETCS TOBEPXHOCTHBIM MHTETPAIIOM, B KOTOPBIN BXOJAT Majatolee mose, GyHkuust ['puna u ux
MPOU3BOJHBIE 110 HAMIPABICHUIO HOpMANU K MOoBepxHOCTH. [Ipeanonaraercs, 4To mpu HaJIU4UU HEPOBHOU pacceu-
BaloIlel nmoBepxHOCTH (yHKIMA ['prHa B IEpBOM HPUOIMIKEHHH MaJI0 OTIMYAETCS OT COOTBETCTBYOLIEH (QYHKINH
JUISL cTydasi TJIQJIKOM moBepXHOCTH. IIpoBOIUTCS aHAM3 MOJIYYEHHOTO B paMKaxX yKa3aHHBIX NMPHOJIMKEHUH BBIpa-
JKEHUS! ISl IPUHUMAEMOT0 CUTHajIa U 00CyXK/1aeTCsl BO3MOXKHOCTD €0 UCII0JIb30BaHMS.

PaboTa BhinonHeHa npu noaaepxkke Poccuiickoro ¢onaa ¢pyHaaMmeHTanbHbIX nccaenoanuii (rpantsl Ne 03-05-
64527 u Ne 05-05-64634) u B pamkax rpanta HIII-272.2003.5 rocynapcTBEHHOM MOJAEPKKH BEAYIINX HAYYHBIX
mkon Poccuiickoit @epeparnuu.

The backscatter sounding method of the ionosphere is caused by ability of the terrestrial surface to scatter HF ra-
diowaves in the opposite direction. The power and structure of the received signal depend on the large number of the
factors in particular they depend on the properties of a terrestrial surface along a path of the propagation.

As the experimental data testify, the amplitude of the backscatter signals is strongly affected by the terrestrial
surface relief form. For example, backscatter ionograms obtained in Irkutsk for the northeast direction differ from
ionograms for western and northwest directions by the greater intensity of the received signals. Such difference is
apparently connected to the mountain character of the terrestrial surface relief along the propagation path, which
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results in intensive scattering in the opposite direction. Besides we quite often observe the separate traces on the
ionograms, which are characterized by weak frequency propagation time dependence and irregularity of its occur-
rence in the observations. In particular such traces can be interpreted as a result of mirror reflection from "dot" ob-
jects on the terrestrial surface. For example, mountains with the certain slope angle can be such "dot" objects. In this
connection there is a problem of the amplitude characteristics modeling of the backscatter signals in the case of the
clear defined mountain terrestrial surface relief along the propagation path for correct experimental data interpreta-
tion.

In the report the opportunity of the terrestrial surface relief account is investigated for the backscatter signals
simulation on the base of waveguide approach. The consideration is carried out for the case of the azimuthal sym-
metric ionosphere. According to the Kirchhoff-Helmholtz integral theorem the surface scattering field is determined
by the surface integral that includes the surface field, Green's function and their normal derivatives. It is supposed,
that Green's function is equal to the one for the case of smooth terrestrial surface. The analysis of the received signal
expression is performed and the opportunity of its use is discussed.

The present work was done under support of the Russian fund of basic research (grants No. 03-05-64527 and
No. 03-05-64634) and within the framework of grant No. NSh-272.2003.5 for leading scientific schools of Russian
Federation.

O PACYETE KOO®PUIUEHTA OTPAKEHUS IJIs1 CPEJBI C MIOTEPSIMHA
A.B. Oiinan, 1.U. OpJioB
NucTuTyT comueuno-3emuoit ¢pusukun CO PAH, Upkytck, oinats@iszf.irk.ru
ON THE REFLECTION COEFFICIENT CALCULATION IN AN ABSORBING MEDIUM
A.V. Oinats, I.I. Orlov

HpI/I OIMMCAaHUU PACIIPOCTPAHCHUA PAAHUOBOJIH B CHOHCTO'HCOHHOPOI{HOﬁ HOFHOH.[aIOHICﬁ Cpeac BOJHOBOC ypaB-
HCHHUEC UMCCT BUJ

d?u
dx?

+k%'(x,k,v)U =0, (1)

. ®
rae 3a g'(X,K,v) 0003HaueHa AU3JIeKTPHUECKast IPOHUIIAEMOCTh XOJIOIHOM TIa3Mbl, K = — — BOJIHOBOE YHCIIO, & V —
C

3¢ hexTUBHOE YHCIIO COyAAPEHHUI, KOTOPOE XapaKTepUu3yeT HOIJIOLIEHHE B Cpefe.
VYpasHenue (1) MOXKHO CBECTH K KOMITAKTHOW 3KBHBaJIEHTHOM MaTpHYHOM opme

du . 1
— =ike.U+—Qoc .U, 2
dX 3 |k Q + ( )
u: u’ . .
rre U= " u- |- (yHrameHTanbHas MaTPHLA, COCTaBICHHAs U3 YacTHbIX peiennii (1), o, = (o, +i0,)/2,

o, — marpuns! [aymn, Q(X,K)=1—¢'(x,K,v) . EcrecTBeHHBIME YCIIOBHSIMH HOPMHPOBKH pelieHust (2) SBASIOTCS

o

yciaoBus 1pu X—> +00, rie UMEETCA TOJIBbKO npoxoasmias BOJIHa

lim e **U =g, . 3)
X—>+0
U, (xk)
BBojst B paccmotpenune ¢yHKumio orpaxenus B Buae R, (X,K) :m, koropas mpu X =0 mnpencrasnser
+ X

coboii koaduunent orpaxenus R, (0,K), u3 ypaBHeHus (2) Jerko mosy4uTh CTaHOAPTHOE ypaBHEHHe THna Pu-

KaTTH Ha QYHKIUIO OTpaxeHus. Takum o0pa3oM, pelas YUCISHHO MaTPpUYHOE ypaBHEHHE (2) ¢ HaYaIbHBIMU yCIIO-
BUSAMHU (3), MBI TEM CaMBIM IOJydaeM TakXKe U pelIeHue ypaBHEeHUs PUKAaTTH 11 QyHKIIMK OTPaXSHHS.

B noxmage paccMaTpuBaeTcs cxeMa YHCICHHOTO pemeHns (2) B ciiydae CTYIeHYaTOH almpoKCUManny IpoQuis
JIMJIEKTPUYECKOl npoHuiaeMocTd. [IpoBoanTes cpaBHeHHE KO(QQHIIMEHTa OTPAKEHHSI, PACCUNTAHHOTO MO Tpe-
JaraeMoi cxeme, C N3BECTHBIMHU aHAJMTHUECKHMH BBIPAKCHUSMHE JJIs TapaboIMyecKoro cJios U Ciost DMIITelHa.

Pabota BeimonHeHa npu nojaepkke Poccuiickoro ¢onna ¢pyHaaMeHTanbHbIX nccaenoBanuii (rpantsl Ne 03-05-
64527 u Ne 05-05-64634) u B pamkax rpanta HIII-272.2003.5 rocynapcTBEHHOH MOJIEPKKH BEIYIINX HAYYHBIX
kol Poccuiickoit denepanu.

The radiowave propagation into the layered inhomogeneous absorbing medium described by the wave equation
d?u

dx?

+k%'(x,k, v)U =0, 1)
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where &'(x,k,v) is medium permittivity, k =2 is wave number and v is the effective collision number that char-
c

acterizes the medium absorption properties.
We can reduce equation (1) to the compact equivalent matrix form

du . 1
a: kG3U "erGJrU , (2)

us ur) . . . . . .
where U =( * U_] is a fundamental matrix that consists of the particular solutions of (1), o, =(o,+ic,)/2,

o, Is the Pauli matrixes and Q(x,k) =1—-¢'(x,k,v) . The starting normalizing conditions for (2) are the conditions

o

at X — +oo, where there is a transmitting wave only

lime™¥U =g, . (3)
. . . U, (x,k) o . -
Including the reflection function R, (x,k) :m, which is equal to the reflection coefficient R, (0,k) at
+ X

x =0, we can easily obtain the Rikatti equation for reflection function from equation (2). Thus, solving (2) numeri-
cally with starting conditions (3), we can obtain the reflection function and reflection coefficient.

In the report the numerically scheme for solution of the equation (2) is considered for the discrete steps approxi-
mation of the permittivity profile. The comparison between the calculated reflection coefficients and well-known
analytical expressions for parabolic layer and Epstein layer is carried out.

The present work was done under support of the Russian fund of basic research (grants No. 03-05-64527 and
No. 03-05-64634) and within the framework of grant No. NSh-272.2003.5 for leading scientific schools of Russian
Federation.

OIEHKHU 3APSAJIA KAIIEJIb B T'PO30BbBIX OBJIAKAX
I'.C. I1aBJji0oB

WHeTuTyT KOcMUYecKuX uccienoBanuii u asponomuu um.10.I'. Illapepa CO PAH, Skytck
ganyal981@mail.ru

ESTIMATIONS OF A CHARGE OF DROPS IN STORM CLOUDS
G.S. Pavlov

OmHUM W3 HampaBIICHUH U3ydeHHs (U3UKH aTMOC(HEPHBIX OOJAKOB SBIAIOTCS IPOLECCH 00pa3oBaHUS aTMO-
ccbepHoro QJICKTPUYCCTBA, APKUMHU MPOABJICHUAMU KOTOPLIX ABJIAIOTCA I'PO3BI. BakHBIM DJIEMEHTOM 3THX nmpouec-
COB SIBJISICTCSI KOHCHCAIMS BJIAXKHOTO BO37yxa, 00pa3oBaHMe Karejlb Ha HMHOPOIHBIX Teax, UX KOaryJsius U BbI-
najieHne 1oJ AecTBreM CHIIbI TshkecTh. B pabotax CroxkoBa n EpmakoBa [1, 2] 000CHOBBIBaeTCSI MEXaHU3M Pa3-
JIETICHUS 3apsiioB, Te B OCHOBE JISKUT MexaHu3M PycanoBa [3], obecnieunBaronuii mpeuMyIiecTBeHHOE 00pa3oBa-
HHUE Kanejib Ha OTPULIATCIIbHBIX MOHAaX. CaMI/I OTH HOHBbI 06pa3y10TcsI YaCcTUIlaMU BHE3CMHOT'O MPOUCXOKICHUA —
KOCMUYCCKUMU JIydYaMHU. HCHLIO 3TOU pa60T1>1 ABJIICTCA ONPEACIICHUC JuanasoHa 3Ha'—IeHHﬁ, B KOTOPOM MOXKET
HaXOIIUTHCS 3apsi/l OTHON KaTlIH.

IIpoucxoxxaeHne u cBoicTBa aTMOC(HEPHOTO IEKTPUIECTBA B IIETIOM CBS3aHBI C MUKPODUIUKON M MaKpOpH3u-
KO. DJIEeKTpUUECKHUE OIS, CYIIECTBYIOIINE B TIPUPO/IE M Ta00OpaTOPUU, MOTYT UMETh PAa3HYIO IPHPOTY.

[IpupoaHbIe YCIOBUS OTIMYAIOTCS OT JIAOOPATOPHBIX TEM, YTO IIIEKTPUYECKas IMOJSIPU3AlUs B IIEPBOM CIIydae
UMeeT MPEUMYIIECTBEHHO MaKpPOCKOIMYECKII XapaKTep, OHa CBs3aHa C YAaJCHHEM 3apsIOB IPOTHBOIIOJIOKHOTO
3HaKa Ha 3HAYUTEIbHBIC PACCTOSHUS APYT OT APYra, B TO BpeMs KaK BO BTOPOM CIIydae 3TH PACCTOSHUS 4acTO UMe-
0T MOJICKYJIIPHBIC Pa3MepBhl.

Ecin YacCTHUIIbI BEHICCTBA, C KOTOPBIMHU CBA3aHbI MMOJIOKHUTEIIBHBIC 3apAabl, CYIICCTBEHHO OTJINYA0OTCA IO CBOUM
pasME€paM U MacCe€ OT 4aCTHUI] C OTPHUIATCIBbHBIMH 3apsA0M, TO IOA BIIMAHUEM CUJIbI TAXKCCTU 3TH YaCTUIbI OTACIIA-
IOTCSL JIPYT OT Jpyra Ha 3HAYWTENbHBIE paccTOSHUSA. [Ipu 3TOM BO3HHUKAaET MaKpOMOJSpH3aIis 00pa3yeMoro UMu
obnaka u 00pazyercst JNEKTPUIECKOE MOJIe 3HAYUTEITLHOU BETUIHHEI.

Ilepexost kK BOIpocy 0 MEXaHH3ME MHUKPOPAa3ICIICHHsI AIEKTPHICCKIX 3apsI0B, YIOBICTBOPSIONICM BEINICYKa-
3aHHOMY, MBI JOJDKHBI pa3jiHyaTh JBa MEXaHWU3Ma, KOTOPBIC MPEICTABISIOTCS OJWHAKOBO MpPUEMIIEMBIMH. B cooT-
BETCTBHHU C TIEPBBIM MEXaHH3MOM B IIEPECHIIICHHOM BO3IyX€, OCBOOOXKICHHOM OT IBUICBBIX S/IEP, KOHICHCAIHS
MPOMCXOJUT Ha MOHHBIX IEHTpaX. BuiubcoH [4] momeiTancs mpojenaTh 3KCIEPUMEHT, B KOTOPOM OH, HOHU3UPYS
BO3AyX B CBOCH KaMmepe IyTeM OYEHb HEMPOJOJDKUTEIBHOTO PEHTTCHOBCKOTO OOJYUCHUS U IPUMCHSS dJICKTPHYE-
CKHE TI0JI1 COOTBETCTBYIOMICH MOJSIPHOCTH, CMOT 00€CIeUYUTh H30BITOK HOHOB TOTO HIIM HHOTO 3HAKA.

BTOpOﬁ MEXaHU3M TIPEATNIOIaracT, 4YTo0 KOHACHCAIMA NPOUCXOJIUT Ha AApax: Ha JacTUlax IMbLIW, AbIMa W T.H.
HanGoee 4acTo BCTpEUaIOIIHecs pasMephl STHX YaCTHI{ COOTBETCTBYIOT pamuycy 2.5-107° eM. YacThipl pagnycom
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6omnpire 20 MKM OYIyT OCTaBaThCs B BO3AYXE BO B3BEIICHHOM COCTOSHHUH JIMIIL OY€Hb KOPOTKOE BpEMs, TaK Kak
OHM 00JIaZIAI0T CKOPOCTSMH TAJACHHS TTOPSIKA 5 cM/C.
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One of directions of studying of physics of atmospheric clouds are processes of formation{education} of an at-
mospheric electricity which bright displays is thunder-storms. The important element of these processes is conden-
sation of damp air, formation{education} of drops on alien bodies, their coagulation and loss by gravity. In works
Stozhkov and Ermakov [1, 2] the mechanism of division of charges underlie by Rusanov's [3] providing primary
formation{education} of drops on negative ions the mechanism lays is proved. These ions are formed by particles of
an extraterrestrial origin — space beams. The purpose of this work is definition of a range of values in which there
can be a charge of one drop.

Origin and properties of an atmospheric electricity as a whole are connected to microphysics and macrophysics.
Electric fields existing in the nature and laboratories can have the different nature.

Environment differ from laboratory themes, that electric polarization in the first case has mainly macroscopically
character, it is connected to removal{distance} of charges of an opposite sign on significant distances from each
other while in the second case these distances have pretty often the molecular sizes.

If particles of substance to which positive charges are connected, are essentially excellent on the sizes and
weight from particles with negative a charge under influence of a gravity these particles are separated from each
other on significant distances. Thus there is a macropolarization of a cloud formed by them and the electric field of
significant size is formed.

Passing to a question on the mechanism of microdivision of the electric charges, satisfying above specified, we
should distinguish two mechanisms which are represented equally comprehensible, namely: first, the mechanism
according to which in nepecerierrom air released from dust nucleus, condensation occurs on the ionic centers. Wil-
son [4] has tried to do experiment in which it, ionizing air in the chamber by very short x-ray irradiation, and apply-
ing electric fields of corresponding polarity, could provide surplus of ions of this or that sign.

The second mechanism assumes, that condensation occurs on nucleus: on particles of a dust, a smoke, etc. Most
frequently the meeting sizes of these particles correspond to radius 2.5 - 10°° sm. Particles in radius will remain in
air in a suspension only very short time as they possess speeds of falling of the order 5 sm/s more 20um.

HAPAMETPBI BOJTHOBBIX BO3SMYIIEHU B ME3OC®EPE 110 JAHHBIM XAPLKOBCKOI'O
PAJAPA CPEJHEYACTOTHOI'O JUAITA3OHA

A.N. I'putuun, C.B. [1anacenko

XapbKOBCKUH HallMOHANBHBIN yHUBepcuTeT nMenn B.H. Kapasuna, Ykpanna, Xapskos Leo-
nid.F.Chernogor@univer.kharkov.ua

PARAMETERS OF THE WAVE DISTURBANCES AS INFERRED FROM
KHARKIV MF RADAR DATA

A.l. Gritchin, S.V. Panasenko

IIponomkuTensHbie HAOMIOAEHHS 32 aTMOCchepoi 3eMiIi OKa3ajH, YTO B HEW UMEIOT MECTO MOCTOSTHHBIE pery-
JSIPHBIE W CITy4aifHble BapHallMM Pa3IMYHBIX TapaMeTPOB (AABJICHUS, XUMHUYECKOTO COCTaBa, TEMIEPATYPhl KOHIICH-
TpPaIMX ¥ YaCTOTHI CTOJIKHOBEHHS HEHTPAIbHBIX U 3apsHKEHHBIX 4acTHIl U 11p.). [Ipn ux mccnenoBanun ocoboe BHU-
MaHHWEe YJEISeTCs BBISBICHHIO M CEJIEKIMH BOJHOBHIX Bo3MmylleHuii (BB). BB sBnstorcs nHIMKaTOpOM MOIIHBIX
NPUPOJHBIX M aHTPOIIOTEHHBIX MIPOILIECCOB, TAKMX KaK COJHEYHBIE BCIIBIIIKH U BBIOPOCH KOPOHAIILHOM MAacChl, IIUK-
JIOHBI, 3eMJICTPSICEHUSI, U3BEPKEHHS BYJIKAaHOB, CTApThI pakeT, B3phIBEI U jap. Kpome Toro, BB cymectBenHo Bo3-
JIEWCTBYIOT Ha PaJIMOCUTHAJIbI, OTPAHUYNBAsI TEM CAMBIM TOYHOCTb CHCTEM TEJIEPaJANOKOMMYHHUKALMH, PAHOIOKa-
mun U paanoHaBuranuu. Hakonen, BB s¢ddexkTnBHO mepeHOCAT HEpruio M UMIyJbC, oOecrednBas B3auMoei-
CTBUE TIOJICUCTEM B CUCTeMe 3eMIsi—aTMocdepa—noHochepa—Maraurocdepa.

OnHOHM M3 HauMeHee M3Y4eHHbIX oOnacTeil 3Toi cuctemsl siBisiercs: Meocdepa (50-90 km). OnHAKO UMEHHO B
Hell UMEIOT MECTO CIIOXKHBIE (PU3UKO-XUMHYECKUE, TMHAMUYECKUE U DJIEKTPOJMHAMHUYECKHUe mpoliecchl. Mesochepa
obecrieunBaeT B3aUMOJICHCTBHE IBYX MOTOJHBIX CUCTEM (OOBIYHON M KOCMHYECKOH ITOTO/IBI), OIPEAETISis COCTOSHIE
norofsl B atmMocgepe B menoM. Ilostomy m3yuenne BB B me3ocdepe sBiIsteTcs: akTyalbHOW paanopu3ndecKoil u
reo(hu3NIecKoil 3ajaueii.

s mccnenoBanus BB warie Bcero ncmoins3yiorcst pajapHsie MeTopl. [Ipr 3ToM 00BIMHO aHAIN3UPYIOTCS Bpe-
MEHHBIE Psi/Ibl JAHHBIX TOPU30HTAILHOM CKOPOCTH BETpa MO0 JIEKTPOHHOI KOHIEHTpanuy. Takue MacCuBbI 4acTo
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CoJIeprKaT MPOITYCKH, MOCKOJIBKY PEIICHNE 0OpaTHON 3aJaull OCHOBAaHO HA MOJENBHBIX MPEICTaBICHUAX O MPOIEC-
cax B HCCJeIyeMON 0OJIACTH W MPHUOIMKCHHOM PEIIeHUH JOCTATOYHO CJIOXKHBIX HETMHEWHBIX ypaBHeHHH. boiee
TOTO, UCHOJIB3YEMOE BPEMEHHOE pa3penieHne (MHHUMYM 5—15 MUH) HE MO3BOJISET BBISABIATH aKyCTHUECKHE BOJHBI,
a TakKe TPaBUTAIMOHHBIC BOJHBI C MIEPHOIOM, ONM3KNM K reproxy bpeHta—Bsifcsmns, koTopsii s Me30chepb
COCTaBIISIET OKOJIO 5 MHUH.

B pabore npeanoxeHbl akTHBHBIN ¥ TACCHBHBIA METOIBI, IO3BOJIIIONINE M3y4YaTh nmapaMerpsl BB myTtem craTtu-
CTHYECKOT'0 M CHEKTPaJIbHOI'O aHalW3a paJMOCHTHAJIOB, 0OpPAaTHO PacCesIHHBIX HEOJAHOPOIHOCTSIMHU 3JIEKTPOHHOMN
KOHLIEHTPAIlMH, ¥ PaJHoIIOMEX, PaCHpPOCTPAHSIIOUIMXCS B BOJHOBOAE 3emisi—MoHocdepa. McXomaHBIMU NaHHBIMU
SBJISIFOTCSI MACCUBBI OTMOAIOIINX UX OOBIKHOBEHHON M HEOOBIKHOBEHHOI KOMITIOHEHT, PETUCTPUPYEMBIX CpeaHeda-
CTOTHBIM pagapoM (2-3 MI'n). U3mepenus 6butn npoBenensl B 2000-2005 rr. B pesynbraTe aHaiu3a BBISIBICHBI
nBa tuna BB. BB ¢ nepuonamu 5—25 muH numenu Mecto Ha npotsbkeHuu 15-50 % Bpemenu HaOmronenus. J{ns Hux
XapaKTepHO YBEIWYEHHE OTHOCHTEIHLHOM CyMMapHOH JIMTEILHOCTH C POCTOM HX mepuona. Koiebdanus ¢ Takumu
MIEpHO/IaMH, BEPOSTHO, BBI3BAHBI JIOKAJIBHBIMU HCTOYHHUKAMH, TAKAUMHU KaK BETPOBBIC CABHUIH, TYpOYICHTHBIE BUXPH,
JIOKaJbHBIE ocoOeHHOCTH penbeda u np. BB ¢ mepnogamu 30—120 MUH mpHCYTCTBOBAIHN HA MPOTSHKCHAN IPaKTHUIC-
CKH BCETO BPeMEHHU HaOmoaeHus. VX HCTOYHHUKaMU MOTYT OBITh IIPOIIECCH, B BBICOKUX IIMPOTAX, COMYTCTBYIOIINE
BapualMsIM KocMudeckoil norogsl. Takue BB, no-BuaumMomMy, reHEpUPYIOTCS. U B CPEIHUX LIUPOTaX MPHU MPOXOK-
JIEHHH COJIHEYHOTO TEPMHHATOPA 3a CYET HEPAaBHOMEPHOTO IPOrpPEBaHUs MOJCTHIAIOMEN MOBEPXHOCTH, KPYIHO-
MacmTabHbIX aTMOocepHbIX BuXpeil u T.4. Hekotopsie BB MoryT GbITh pe3ynbTaToM cOOCTBEHHBIX KOJIEOaHHH 3eM-
a1 u arMocdepsl. OTHOCHTENBHBIE aMILIUTYbI UccienayeMbix BB o0bruno cocraBmsun 1-10 %. [poananusupoBana
3aBHCUMOCTb apameTpoB BB oT BpemeHu CyTok, ce30Ha U ypOBHS MarHUTHOM akTUBHOCTHU. [IpenyoxeHHble MeToabl
pacImpsIOT BO3MOXKHOCTH pajilapoB 00paTHOTO PACCESHUs CPEIHEYaCTOTHOTO AUana3oHa M MO3BOJSIIOT MPOBOJHUTH
MPaKTUYECKH HEeTPEephIBHYIO TuarHocTuky BB Hag MecToM HaOmoqeHus.

Long-term observations of the Earth's atmosphere have shown the continuous occuring of regular and random vari-
ations of different parameters such as pressure, chemical composition, temperature, concentration and collision fre-
quency of neutral and ionized particles and others. Particular attention in their studying is paid to the identification and
selection of wave disturbances (WDs). The WDs display the response to high energy natural and anthropogenic pro-
cesses, such as solar flares and coronal mass ejections, cyclones, earthquakes, volcanic eruptions, rocket launches, ex-
plosions and others. In additioin, the WDs influence significantly on radio signals to restrict precision of telecommuni-
cations, radar, and radio-navigation systems. Finally, WDs transfer the energy and momentum and produce the cou-
pling of subsystems in the system including the Earth, the atmosphere, the ionosphere and the magnetosphere.

The mesosphere (50 — 90 km) is one of the least studied regions of this system. However, it is here that complex
physical, chemical, dynamical and electrodynamical processes occur. The mesosphere produces the coupling of two
weather systems including the troposphere and space weather and determines the weather condition in the atmos-
phere as a whole. The WD study in the mesosphere is therefore an urgent problem of radio physics and geophysics.

Radar techniques are the most applicable to WD study. The time datasets of horizontal wind velocity or electron
concentration are analyzed. Such sets have often the gaps as the solving of the inverse problem is based on the mod-
el descriptions of the processes in the region studied and on the approximate solution of nonlinear equation system,
which is complex enough. Moreover the used time resolution is minimum of 5 to 15 min and does not allow the
acoustic waves as well as the gravity waves with nearly Véiséld period, which equals about 5 min in the meso-
sphere, to be identified.

The active and passive methods allowing the WD parameters by using of the statistical and spectral analysis of
radio signals backscattered by electron concentration irregularities and radio interferences propagating in the the
Earth-ionosphere waveguide to be studied are suggested in this work. The raw data are sets of their ordinary and
extraordinary component envelopes, which are recorded by MF radar in the frequency range of 2 to 3 MHz. The
measurements have been carried out during 2000—2005. The analyysis resulted in the identifying of two WD types.
The WDs having the period of 5 to 25 min occured as much as 15 % to 50 % of the observation time. The increase
in the relative total duration vs. period is typical for them. The oscillations having these periods are probably caused
by local sources such as wind shears, turbulence structures, local relief features and others. The WDs having the
period of 30 to 120 min occured during the nearly total observation time. Their sources can be the processes at high
latitudes accompanying the space weather variations. Such WDs are probably generated at middle latitudes by the
solar terminator, nonuniform heating of the Earth's surface, largescale atmospheric disturbances and others. Some
WDs can result from the eigenoscillations of the Earth and the atmosphere. The relative amplitudes of WDs studied
usualy were as much as 1 % to 10 %. The WD parameters dependence on the time of day and night, season and the
level of magnetic activity are analyzed. The methods suggested extend the capabilities of MF radars and allow the
nearly continuous probing of WDs above the observation site.

JTAHAMMKA HATIPABJIEHUM IMTPUXOJIA TAJIAKTHYECKAX KOCMHUYECKHNX JIYUYEW B
MPUCYTCTBUU KPYITHOMACIHITABHBIX BO3MYIIEHUI COJTHEYUHOI'O BETPA
H.C. lleryxoB, C.U. Ileryxos, A.C. Ctapony0uen
Wuerutyt kocModusnueckux nceienoBannii u asponomun uM. 10.I°. [agpepa CO PAH, Axyrck

i_van@ikfia.ysn.ru
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DYNAMICS IN THE ARRIVAL DIRECTIONS OF GALACTIC COSMIC RAYS IN THE PRESENCE
OF LARGE-SCALE SOLAR WIND DISTURBANCES

1.S. Petukhov, S.I. Petukhov, S.A. Startodubtsev

C 1emp10 M3yYCHUS TUHAMHUKH (DYHKIMH PacTIpeeICHUs] TaTaKTHIECKIX KOCMUYECKHX JIydeH 110 HalpaBICHUAM
npuxojga Ha opOute 3eMiM B MPHCYTCTBHU KPYNHOMACIITAOHBIX BO3MYIICHUI pa3BHTa MOJENb, OCHOBaHHAs Ha
aHaJIu3€ MHOXECTBA TPAeKTOPUH PENATUBUCTCKUX IMPOTOHOB B MEXIJIAHETHOM MarHUTHOM IIOJIE C Y4ETOM TOKOBO-
ro cios. B kauecTBe BO3MYILEHUSI paCCMOTpEHa JIBIKYLIAsCs yaapHasi BOJIHa, MMeromas ¢popMy mapadosonsia Bpa-
HIEHUS.

BrlIsBeHBI TpU TUNA TPAEKTOPUI YacTHUI: 1) HEBO3MYILECHHbIE TPACKTOPUU — TPACKTOPUM YACTHII, MIPOIIEIIINX
MHMO BO3MYIICHUS; 2) BO3MYIIECHHbIE TPAEKTOPUU — TPACKTOPUH YaCTHIl, OTPA3UBLIMXCSA B pe3yibTaTe Apelida Ha
(poHTe ynapHO# BOJHBI, 3) TPAGKTOPHU YacTHII, CBA3aHHBIX C caMOl o0iacTbio Bo3MymieHus. OnpezeneHa quHa-
MHKa pacnpeiesieHus STUX TPAeKTOpHil Ha cepe HalpaBIeHUH U CKOPOCTEH MEXIUTAHETHOH yIapHOW BOJIHEL, pac-
MOJIOXKEHUI TOKOBOTO CIIOS Y SHEPTHHA 9aCTHLI.

Pe3ynbpTaThl MOTYT OBITH NCIIOJIB30BAHBI IS BBIABICHUS IPEABECTHUKOB MPHUOIIKAIONINXCS BO3MYIIEHHH COJI-
HEYHOTO BETpa.

To study of the dynamics of the galactic cosmic ray distribution function in arrival directions on the Earth’s orbit
in the presence of large-scale disturbances, a model has been developed based on the analysis of trajectory set of the
relativistic protons in the interplanetary magnetic field with regard for the current sheet. In the capacity of disturb-
ance, the moving shock wave in shape of a paraboloid of revolution is considered. Three types of particle trajecto-
ries have been revealed 1) nonperturbed trajectories which are the trajectories of particles passed by the disturbance;
2) perturbed trajectories which are the trajectories of particles reflected as a result the drift in the shock front; 3) tra-
jectories of the particles associated with the disturbed region itself. The dynamics in the distribution of these trajec-
tories on a sphere of directions and velocities of the interplanetary shock wave, locations of the current sheet and
particle energies has been determined. The results can be used to reveal the precursors of solar wind disturbances.

B3AUMOCBA3b ATMOC®EPHOT' O JABJIEHUSA C 9JIEKTPOMATHUTHBIM U3JTYYEHUEM B
KPAMHEHU3KOYACTOTHOM JIMAITA3OHE

M.B. ITukajos, C.A. Koaecnuk

Cubupckuit GU3NKO-TEXHUIECKUH HHCTUTYT, TOMCK

max_vp@bk.ru

INTERCOMMUNICATION OF ATMOSPHERIC PRESSURE WITH ELECTROMAGNETIC
RADIATION IN EXTRA LOW-FREQUENCY RANGE

M.V. Pikalov, S.A. Kolesnik

B pabote nccnenoBaHo BIMSHHE aTMOC(HEPHOTO IAaBJICHUS Ha CIIEKTPAJIbHBIE XapaKTEePUCTUKH 3JIEKTPOMarHuT-
Horo (OM) ¢oHa B kpaitHeHn3kogactotHoM (KHY) nuamazone.

W3BecTHO, 9TO Bapuanuu aTMOC(HEPHOTO JaBICHUS SBISIOTCS OJHUM M3 BRXXHEHIINX KIMMATHYECKHUX (QaKTo-
POB, KOTOpbIE ONPEIENAIOT M3MEHUYMBOCTh (HU3NOJOTHYECKOTO COCTOSHHS UYEJIOBEKa, YTO HENOCPEICTBE HHO
BIHUSAET Ha TeMoanHaMuKy. OcobeHHOe 3HaUYeHHE TaKue BapHallMK MPHOOPETAIOT, KOTJa YelIOBEeK UMEeT Ty N
MHYIO TIATOJIOTHIO CEPAEUYHO-COCYAUCTOM cucTemMbl. OJHAKO, MOCKOJIBKY Y€IOBEUECKUI OPTaHM3M Ha MPOTSHKECHUN
MIIJIMOHOB JIET HaXOAMUTCS MO TOCTOSHHBIM BO3JeicTBueM DM-mosel, GopMHUpPYyeMBIX INI0OAIBHBIMU OKOJIO3EM-
HBIMH pe3oHaTopaMu (aJib)BEHOBCKUM M IIYMAHOBCKUM), TO JIOTUYHO MPEATOJIOKHUTh, YTO OH MOJHOCTBIO a/IalTH-
poBaH K 3TUM moJsiM. [Ipu 3ToM M3MEHEeHHe XapaKTepUCTHK 3TUX IMoJiell (Pe30HAHCHBIX YacTOT, JOOPOTHOCTEH U
UHTEHCUBHOCTEN) TOJKHO HAXOAUTh OTKJIMK B COCTOSIHUU OTAEIbHBIX CHCTEM OpPraHU3Ma 4eJIOBeKa.

Panee ormedeHo, uTo Bo BpeMs mpoxoxaeHus no Esponeiickoit yactu CCCP 9 utons 1984 r. MomHoro nukmio-
Ha ¢ KpaiiHe HU3KKUM (Huxe 980 rlla) aTmMocdepHBIM AaBICHUEM BIEPBbIE OBLIO 3apernucTpupoBaHo DM-uz-
JydeHHe ¢ IEeHTpaJIbHOM YacToTol mopsaka 2 ['1, omepekaromiee U cornpoBoxjatoniee ero. IToT 3hpexT oOHa-
PY’KEH I10 BBICOKOYYBCTBUTEIILHBIM 3aIMCSIM MAarHUTHOTO NoJIst Ha o6cepBaTtopun «bopox» NP3 AH CCCP.

B nanno#i paboTe ObIIM MCIOIB30BaHbI KCIIEPUMEHTAIBHBIC JaHHbIE HENPEPHIBHOIO MOHUTOPHHIA CIIEKTPallb-
HBIX XapakTtepuctuk OM-porna KHY-nnamasona n MeTreonapamMeTpoB, KOTOPHIA B TEUCHHE HECKOJIBKHX JIET IPOBO-
mures B CubnupckoMm usuko-texandeckoM uHeTHTyTe (COTH). Ins permcrpamuul 3MeKTPUIECKOd U MarHUTHOM
KOMIIOHEHT OM-TIOo/II KCIOJIb30BAINCh MarHuToBapuanuonHas cranius KBAPI[-3 EMJ/] u wu3MepuTeanHO-
BBIYHCITUTENHHBIA KOMIUIEKC, pazpaboTannbiii B COTH, mo3Bonsomuid Npou3BOIUTh MIPHEM B 00pabOTKy CHTHAa-
JIOB, TONTy4aTh UX JWHAMHYECKHE, CIIEKTPaJbHBIE U aMIUINTYIHO-(a30-4aCTOTHBIE XapaKTEPHUCTHKH B IHAIa30HE
gactoT a0 40 I'u. Ilepuox ogHoro m3mepenns coctasisut 180 ¢, u3 Hux 150 ¢ OTBOAMINCH AT HENMPEPHIBHOTO H3-
mepenus ¥ 30 ¢ — Ha 3anKMch MHPOPMAIMU U yHpaBJIeHHE KOMIUIeKcoM. YacToTa onudpoBKky aHanoro-1udpoBoro
npeobpaszosatens (ALIT) cocramsma 20 I'm (uis m3mepuTensHO-BhIYncHUTENbHOTO KoMiuiekca (MBK) wacrora
omu¢poBku ALII cocrarmsma 80 '), a MaccuB HaHHBIX, HaKOIUICHHBIH 32 150 ¢, cocraBmsur 3000 oTcueToB (s
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MBK — 12000 orcyetoB). /s perucTpanud METEOPOJOTHIECKUX MapaMeTPOB UCIOIh30BaIaCh aBTOMATH3UPOBAH-
Has DJIEKTpOHHAs MeTeoposorndeckas cranmus WM-918 (Huger). HakoruieHHbIe JaHHBIE TIO3BOJISIOT HCCIIEI0BAT
B3aUMOJICHCTBHE TpeX Cpell, OKPYKAIOMINX 3EeMIII0: MPU3EMHON aTMochephl (Tpormocdepsl), HOHOCHEpsl U MarHu-
Tochepsl.

IIpoBeneHHBIN aHAMH3 TaHHBIX MOHHUTOPHHIA CHEKTPAIFHBIX XapakTepucTuk DM-¢porna KHY-n1nanasona u me-
TEOPOJIOTHIECKUX MTApaMEeTPOB MOKa3al HAIM4Ne B3aMMOCBA3M aTMoc(epHoro aasinenus ¢ curHanamu KHY-nuana-
30Ha OM-poHa.

1. Ilpu monmwxennu armocgepnoro napienus Hmwxe 980 mb B r. ToMcke noBsimaercst ypoBeHb OM—¢poHa U
HapyIIaeTcsl CyTOYHbIH X0 YpoBHI DM-(oHa BO BCeM JAMAla3OHE YacTOT ajJbBEHOBCKOTO M IITyMAaHOBCKOTO Pe30-
HaHca (1-40) I'm.

2. Bo BpeMs IpOXOXKIECHUSI MOIIHOTO IIMKJIOHA ¢ aTMOC(EPHBIM JaBjieHueM B ero neHrpe Hmwke 980 mb Bo3Hu-
KaeT 3JIEKTPOMarHUTHOE U3JIyYeHHE C IIEHTPalIbHOM 4acToTol nopsiaka 2 ' ¢ BepositHOCTBIO HEe MeHee 70 %.

In work is researched the influence of atmospheric pressure on spectral characteristics of electromagnetic (EM)
background of extra low-frequency (ELF) range.

It is known, that variations of atmospheric pressure are one of the most significant climatic factors, which deter-
mine variability of a physiological condition of the person, that directly influences on hemodynamics . Such varia-
tions get especial value, when the person has this or that pathology of cardiovascular system. However, as the hu-
man organism during millions years is under constant influence of the EM-fields, formed by global near-earth reso-
nators (Alfven and Schumann), it is logical to assume, that he is completely adapted to these fields. Thus change of
characteristics of these fields (resonance frequencies, good qualities and intensitys) should find the response in a
condition of separate systems of an organism of the person.

It is earlier marked, that during passage by the European part of the USSR on June, 9, 1984 a powerful cyclone
with the lowest (below 980 hPa) atmospheric pressure for the first time had been registered EM-radiation with a
central frequency about 2 Hz, outstripping and accompanying him. This effect is found out on high-sensitivity rec-
ords of a magnetic field on observatory “bopok” IPE AS the USSR.

In the given work have been used experimental data of continuous monitoring of spectral characteristics of the
EM-background of the EMF-range and meteorological parameters, which within several years is carried out in Sibe-
rian physical-technical institute (SPTI). For registration electric and magnetic component of the EM-field were used
the magnetovariational station “KBAPI-3 EM/I” and the measuring-calculating complex (MCC), developed in
SPTI, allowing to make reception and processing of signals, to receive their dynamic, spectral and amplitude-phase-
frequency characteristics in a range of frequencies up to 40 Hz. The period of one measurement made 180 seconds,
from them 150 seconds were allocated for continuous measurement and 30 seconds - on record of the information
and management of a complex. Frequency of numeralization of analog-digital converter (ADC) made 20 Hz (for the
MCC frequency of numeralization ADC made 80 Hz), and the data file which has been saved up for 150 seconds,
made 3000 reports (for the MCC — 12000 reports). For registration of meteorological parameters was used the auto-
mated electronic meteorological station WM-918 (Huger). The cumulative data allow to research interaction of three
environments surrounding the Earth: a ground atmosphere (troposphere), ionosphere and magnetosphere.

The carried out analysis of the data of monitoring of spectral characteristics of the EM-background of the ELF-
range and meteorological parameters has shown presence of intercommunication of atmospheric pressure with sig-
nals of ELF-range of EM-background.

1. At decrease of atmospheric pressure below 980 Mb in Tomsk a level of the EM-background is increasing
and the daily course of a level of the EM-background in all a range of frequencies Alfven's and Schumann's reso-
nance (1-40) Hz is broken.

2. During passage of a powerful cyclone with atmospheric pressure in its center 980 Mb electromagnetic radia-
tion with a central frequency about 2 Hz is likely to arise with probability not less 70 % .

MOJAEJUPOBAHUE OTKJINKA HOHOC®EPHI HA COJIHEYHBIE BCIIBIIIKA
O.10. IToprHsiruna, JI.A. JleoHoBUY

Wucruryt conneuno-3emHoi gpusnku CO PAH, MpkyTck
lal@iszf.irk.ru

B pabote mpescTaBieHsl pe3ysbTaThl aHAIN3a OTKIMKAa HOHOC(EPH Ha COJMHEUYHBIE BCHBIIKH. [lns uccnenosa-
HUS UCTIOJIB30BANICA METOJ, OCHOBAaHHBIA Ha 3()(heKkTe YaCTUIHOTO «3aTEHEHHs» aTMOC(ephl 3eMHBIM mapoM. [Ips-
MBI€ JIy4d COJTHEYHOT'O HOHHM3YIOUIETO MU3Iy4YEeHHUS OT BCIBIIIKH HE MOMAAaoT B 00JacTh MONMHOW TeHH 3emun. s
aHanM3a ucnoib3oBanuch crannuu GPS, pacnonoxeHHble BOIM3U TepMUHATOPA B HOUHOU momycdepe 3emmn. Tpa-
eKTOPHH CHTHAJIOB MEXIY MepelaTiNKOM Ha CIIyTHHKE M MIPUEMHHKOM Ha 3eMule IS 3TUX CTAHIUH IMPOXOIAT da-
CTHYHO 4epe3 3aTEHEHHYI0 YacTh aTMOc(epsl M YaCTHYHO 4Yepe3 OCBEIICHHYI0. AHATU3 CTENEHU 3aTCHEHUS ITHX
Jydeid ¥ OTKJIMKA HOJIHOTO 3JIeKTpoHHOTOo conepxanust (I19C), n3MepeHHOro Ha MX OCBEIIEHHOM YacTH, IO3BOJISET
OLICHNUTH BKJIa/I PA3JIMYHBIX 00sacTeil noHocdeps! B aMiuTyy otkinka [19C. PesynbraTsl ananm3a mokasaim, 4To
B ofHuX caydasx 10 30 % npupamenus [19C npuxoantes Ha obnactu noHocdepsl, nexamue Bbinie 300 kM, a B
npyrux — yBexanuenust [19C nabmonanuck Toabko 10 BeICOTH 300 kM. [ u3ydeHHs mosrydeHHbIX 3()h(HEeKToB nc-
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MOJIb30BAJIACH TEOPETHYECKAast MOJETIb HOHOC(EPH! U Tua3Mocdepsl. bbltn Hccie0BaHbl BEICOTHO-BPEMEHHBIE Ba-
pHaryy pactpeesieHnii KOHIICHTPAHA 3apsHKeHHBIX 9acThIl B oOactu noHocdepsl oT 100 mo 1000 kM Bo BpeMms
COJIHEYHOM BCIBILKH. AHANW3 pe3ylbTAaTOB II0KA3aj, YTO YBEJIWYEHHE SJECKTPOHHON KOHIEHTpAaLUUU B BEpPXHEU
HOHOC(Eepe MOKET BBI3BIBATHCS YBEIMICHUEM HHTCHCUBHOCTHU YIbTPa(HOIETOBOTO M3JIyd€HHS BCIBIIIEK B HEKOTO-
PBIX y9acTKax CIEKTpa.

This paper proposes the results of the analysis of the ionospheric response to the solar flares. The method uses
the effect of partial “shadowing” of the atmosphere by the terrestrial globe. The direct beams of the solar radiation
from flare do not get in the Earth umbra field. The study of the solar flare influence on the atmosphere uses GPS
stations located near the boundary of the shadow on the ground in the nightside hemisphere. The beams between the
satellite-borne transmitter and the receiver on the ground for these stations pass partially through the atmosphere
lying in the region of total shadow and partially through the illuminated atmosphere. By analyzing the degree of
shadowing (illumination) of the beams between the transmitter and the receiver, it is possible to estimate the contri-
bution from different regions of the ionosphere to the increase in TEC during the flare. The analysis results have
shown, that in some cases about 30% of the TEC increase correspond to ionospheric region, lying above 300 km and
in others — an increase in TEC associated with solar flare was observable to 300 km only. The numerical model for
ionosphere-plasmasphere coupling, developed at the ISTP SB RAS, was used to interpret the observational effects.
The altitude-time variations of the electron density were explored in the height range from 100 km up to 1000 km
during solar flare. The analysis results have shown, that the electron density enhancement in the upper ionosphere
can be caused by intensity increasing of flare ultra-violet radiation in some intervals of the spectrum.

PEJIITUBUCTCKHUE JIEKTPOHBI B MATHUTOC®EPE 3EMJIM U TEOMATIHUTHBIE
BO3MYIIEHUSA CHY-JIUAIIA3OHA

H.B. Pomanosa , H.B. fIrosa , B.A. IImiunenxo, O.B. Ko3bipeBa

Wucturyt dusuku 3emnun PAH, Mocksa
runatka@mail.ru

RELATIVISTIC ELECTRONS ON THE EARTH’S MAGNETOSPHERE AND ULF GEOMAGNETIC
DISTURBANCES

N.V. Romanova, N.V. Yagova, V.A. Pilipenko, O.V. Kozireva

HcTounuky, MEXaHU3MBI YCKOPEHHS U JUHAMHKA MTOTOKOB SJIEKTPOHOB PENSITUBHCTCKOW YHEPTHH BO BHEIIHEM
paauanroHHoM mosice 3emin (4<L<6) obcykaaeTcsi Ha MPOTHKEHUU JIOJTOTO BpeMeHHU. Jlo HACTOSIIETO BPEMEHU
HE CYIIECTBYET OOIICIIPUHSATOTO CIIEHAPHS YCKOPEHHUSI MArHUTOC(EPHBIX SIEKTPOHOB 10 PEISATHBUCTCKUX SHEPTHid,
OOBSICHSIOIIETO BCE aCleKThl WX moBencHHUs. CyIIecTBYIOIINE MOJCIH BHYTPHUMArHUTOC(HEPHOTO YCKOPEHHS HE
OOBSCHSIOT BapHallK MOTOKA AJIEKTPOHOB B COJIHEYHOM ITUKJIE, & MOJETH MPSIMOTO MPOHHUKHOBEHHSI COTHEYHBIX
JJIEKTPOHOB — KOJIMYECTBA M MIPOCTPAHCTBEHHO-BPEMEHHOTO pacIpeIeIeHNsT MarHUTOC(EPHBIX IIEKTPOHOB.

B manHOi1 pabote uccnemyercs CBsI3b MarHUTOC(EPHBIX IEKTPOHOB CPETHEH W BBICOKOW DHEPTHH C MapaMeT-
paM# KOCMHYECKOW ITOTO/IBI, KOTOPBIE MOTIIH ObI BO3/IEHCTBOBATh Ha MOSIBIICHUE H TUHAMHKY 3THX YACTHII, COTIIAC-
HO CYIIECTBYIOIIUM (PH3HYECKIM TpeACTaBICHUAM. V3ydaloTcs BapHallu MMOTOKOB JIEKTPOHOB 32 OOJNBIION Mpo-
MEXXYTOK BpeMEHH: ¢ Havana 22 comHeyHoro Iukia (1987 r.) mo cepeamnsl 23 comreynoro mukna (2002 r.), 9ro
MO3BOJIIET OIEHUTHh TEHACHIINU B MOBEACHUH TTOTOKOB AJIEKTPOHOB Ha Pa3HBIX BPEMEHHBIX MacIiTadax, HampuMmep,
OTJIMYHSI, CBA3aHHBIE ¢ (Da3aMU COIHEUHOTO I[HKIIA.

W3 nutepatypbl U3BECTHO, YTO MOSIBICHUIO PEISITUBUCTCKUX JJIEKTPOHOB OJArOMPHUSTCTBYIOT BHICOKOCKOPOCT-
HbI€ TIOTOKH COJTHEYHOTO BETPa U BBICOKAS T€OMArHWTHAsi aKTUBHOCTb. OUYEBHIIHO, COJIHEYHBIN BETEp HE MOXKET
HEMOCPEACTBEHHO TEPEIaBaTh SHEPTUIO PEISTUBUCTCKUM JJIEKTpOHaM. B03MOXKHO, SHEprusi mepeaaercs reoMar-
HUTHbIMU BosiHaMu CHY-nuana3zoHa, KOTOpBIE SIBJISIIOTCS CaMbIM MOLIHBIM BOJHOBBIM IIPOLIECCOM B OKOJIO3€MHOM
IUIa3Me. 3aTpaBOYHBIC AJICKTPOHBI C SHEPTHSIMHU OKOJIO COTEH K3B, WH)KeKTupyemble Tpu cyOOypsx, MOTYT 3aTeM
YCKOPATHCS HHTEHCUBHBIMU THIPOMAarHUTHBIMU BOJIHAMHU JI0 PESITUBUCTCKUX YHEPTHI.

B nanHO# paboTe CTAaTHCTHYECKU UCCICAYIOTCS CBS3U MEXKIY ITYJbCAIMSIMHA PAa3HOTO JUAra3oHa W BapUAIHIMU
JJIEKTPOHOB C 3HEprueil or coren k3B 10 Heckonpkux M»sB B marautocdepe 3emin. Paznnunsie CHY-uHOEKCHI,
XapaKTEepU3YIONIe BOJHOBYIO aKTUBHOCTh Ha PA3IMUYHBIX IIUPOTAX HA 3€MHOW MOBEPXHOCTH, B MarHutocdepe u
MEXIUIAHETHOM MPOCTPAHCTBE, CPABHUBAIOTCS MO CTETICHW WX BJIMSAHHUS HA MOTOKH SJIEKTPOHOB BHEIIHETO pajaua-
IIMOHHOTO TOsICa JISl PEIIeHHsT BOTIPOCa O PO TypOYJICHTHONH U MOHOXPOMATHYECKOW BOJIHOBOW HAaKa4eK B YCKO-
pPEHUM AJIEKTPOHOB. JleTaabHO MCCIeAyeTCs Ha pa3HBbIX BPEMEHHBIX MacIITabax CBsI3b CKOPOCTHh COJHEYHOTO BETpa
— MyJBCAIIUN — DJIEKTPOHBI JIJISl BBIACHEHUSI CTATHCTUISCKUMHU METOJAMH CTETICHU BJIIMSHUS B3aMMOCBS3aHHBIX IMa-
pametpoB. OIeHHUBAETCS 3aBHUCUMOCTh I(P(PEKTHBHOCTH BIHSHHS MyJIbCAMH B 3aBHUCUMOCTH OT INUPOTHI TOYKH
HAOJFOICHUS, MECTHOTO MAarHUTHOTO BPEMEHH, YaCTOTHOTO M IIPOCTPAHCTBEHHOT'O PacIpeAeICHUS.

B paboTe moka3aHo, 4TO BO3pACTaHUE MIOTOKOB BBICOKODHEPTUYHBIX 3JICKTPOHOB B MaTHUTOC(Epe MPOUCXOIUT B
TE€YEeHHE JIBYX CYT MOCJ€ YBEJIMUYEHHs YPOBHsI MyJbCcallil UCClIeyeMOoro quana3ona. TouHee, CyIeCTBYET KyMYJIs-
TUBHBIN 2((PEKT BO B3aUMOICHCTBUY MyJIbCAIlUi C MOTOKAMHU JIEKTPOHOB, T.€. TIOTOK DJIEKTPOHOB pearupyer He Ha
MT'HOBEHHBIE, & Ha MHTErpajbHbIe 3HadeHusI MOTHOCTH CHY-Bo3MyTIIeHHIA.
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Generation, acceleration mechanisms and dynamics of the relativistic electron flux in the Earth’s outer radiation
belt (4<L<6) have been discussed for many years. However, there is no scenario of the acceleration of electrons to
the relativistic energies describing all the principal features of their behaviour. The existing inner-magnetospheric
mechanisms do not explain the solar cycle variation of the flux and the models of direct penetration of solar elec-
trons do not give sufficient quality and spatio-temporal distribution of the magnetospheric energetic electrons.

This work is devoted to statistical study of magnetospheric elecdtrons of medium to high energies with the space
weather parameters able to influence their occurrence and dynamics in the Earth’s magnetosphere.

A long period from the beginning of the 22 solar cycle (1987) to the middle of the 23 solar cycle is studied and,
thus, the behaviour of electron flux at different time scales is compared, e.g. the distinctions associated with phases
of the solar cycle.

It is known from literature that the splashes of relativistic electrons often take place under high Solar wind veloc-
ities and geomagnetic activity. However, it is evident that the solar wind cannot be a direct driver for the magneto-
spheric electrons. Possibly, the energy is transmitted through the ULF hydromagnetic waves which are the most
powerful waves in the magnetosphere. Initial electrons of 10-100 keV energies associated with substorms can be
then accelerated by intense hydromagnetic waves.

In the present work the relation between the geomagnetic pulsations in different frequency ranges and magneto-
spheric electrons with energies from hundred keV to several MeV is statistically studied. Different ULF indexes
characterizing the wave activity at different latitudes on the Earth surface, in the magnetosphere and in the inter-
planetary medium are compared by their influence on the flux of electrons in the outer radiation belt to answer the
question about the role of turbulent and monochromatic energy input. The relation SW velocity—pulsations—
electrons is studied in details at different time scales to estimate the specific role of each from inter-related parame-
ters. The efficiency of pulsations in the electron acceleration is studied in dependence on the latitude, magnetic local
time, frequency and spatial distribution.

It is shown that growth of the electron flux takes place 2 days after the power of pulsations. This means that the
cumulative effect in the pulsations-electron relation exists, and the electron flux has a higher correlation with inte-
gral than instantaneous values of pulsations’ power.

METO/IbI M AJITOPUTMBI ONPEJAEJEHUS ITPO®UJIS DJEKTPOHHOM KOHIIEHTPAITANA
IO UBMEPEHHOMY ITPO®NJIIO MOIIHOCTHU CUT'HAJIOB HEKOI'EPEHTHOI'O PACCEAHUA
B ABTOMATHUYECKOM PEXKMME U ITIOYTHU PEAJIBHOM BPEMEHU

T.H. CaBuenko

WuctutyT ConHeuno-3emMHoi puzuku CO PAH, UpkyTck
tsavch@iszf.irk.ru

METHODS AND ALGORITHMS OF ELECTRON DENSITY PROFILE DEFINITION ON THE
MEASURED PROFILE OF INCOHERENT SCATTERING SIGNALS POWER IN AN AUTOMATIC
MODE AND ALMOST REAL TIME

T.N. Savchenko

Merton HekorepeHTHoro paccessuuss (HP) panmoBonH siBisiercss HamOosee WHQOPMATHBHBIM M3 Ha3eMHBIX
CpPE/CTB IUarHOCTUKH BEpXHEW aTMoc(epbl B OOJBIIOM WHTEPBAIE BBICOT M MO3BOJIAET M3MEPSATh OJHOBPEMEHHO
HECKOJIBKO ITapaMeTpOB HOHOC(EPHOI! MIa3MBbI C BEICOKUM NPOCTPAHCTBEHHO-BPEMEHHBIM Pa3peIIeHHEM.

Wpxkyrckuil pagap HP umeer oqHy JMHENHYIO NOJIAPU3ALUIO 110JI, YTO CYHIECTBEHHO OTJIMYAET €ro OT CIenua-
JTU3UPOBaHHBIX pagapoB HP. ['maBHOe oTimume cOCTOMT B TOM, 4TO BcieAcTBHE dddexta Dapanes — BpalleHUsS
TUTOCKOCTH TOJIIPU3ALIMN BBICOKOYACTOTHOM PalMOBOIIHEI B IJIa3Me, HAXO/SAIIEHCS BO BHEIIHEM MarHUTHOM TOJIe, —
CUTHAJI Ha BXOJI€ JMHEWHO MOIIPH30BAaHHONH aHTEHHBI MCIIBITHIBACT KBazMIlepHouueckue 3amupanus. Dapangees-
CKHE 3aMHpPaHus CUTHaJla BHOCST CYIIECTBEHHbIE OCIIOKHEHUS IIPU CO3/IaHUH METOJOB BTOPHYHOM 00paboTKH, HO
MX MOXKHO HCIOJIBb30BaTh JUIsl aOCOJTIOTHBIX M3MEPEHHH BBICOTHBIX MPOQUIIEH 3JIEKTPOHHOHW KOHIEHTpAIKH 110 Ba-
puanusm mouiHoctd HP-curnana.

CoBpeMeHHbIE TpeOOBaHMS HKCIIEPUMEHTa BBI3BIBAIOT HEOOXOAMMOCTH pPa3pabOTKH METOJOB M AJITOPUTMOB,
TIO3BOJISIOIINX OIPENEISATh ABTOMaTHUECKH IPOCTPAHCTBEHHO-BPEMEHHBIE pacIipeeIeH s TapaMeTpOB HOHOC(EPHI
B PEUILHOM WJIM NIOYTH peajbHOM BpeMeHu. Hacrosimas paboTa rmocBsiieHa onpeeaeHuio npopuiiel 3IeKTPOHHOM
KOHIICHTPAIH B aBTOMAaTHYECKOM PEXHMME U ITOUYTH peaTbHOM BpeMeHH 1o JaHHeIM MpkyTckoro pagapa HP.

[lepBuunast 06paboTKa CHUTHAda MPH OMPEACTCHUH MPOQIUIA IEKTPOHHOW KOHIIGHTpAIMH BKIIOYAeT B cedd
¢unpTpanuio npoduiaeit PapaneeBCKUX 3aMHPaHUK C IENBI0 YCTPAHEHHS MOMEX C aBTOMATHYECKHUM TOA00pOM
nmapameTpoB (GUIBTpa B 3aBUCHIMOCTH OT YPOBHS IIIyMa M BHJIAa CUTHAJA.

Bropuunast 06paboTKa COCTOMT M3 CJIEAYIOIIUX 3TANOB: ONpeIEICHHE MEUIEHHO MEHSIOIErocs napamerpa Te / T;,
BXOJUSIIIETO B MPOGHIb MOIIHOCTH, C 1IEJIbI0 Y4eTa ero BJIUSHUS Ha NpoQuib 3JeKTpoHHOH KoHIeHTpauuu Ne; pe-
IIeHUEe HeJIMHEHHOTro ypaBHeHUs Ha Ne.

B pabote npencTaBieHsl ONMMCaHUS AITOPUTMOB U pe3yJIbTaThl 00pabOTKH peanbHbIX Npoduiieii 1 NX cpaBHEHNE
C JaHHBIMH BEPTHKAIbHOTO 30HAUPOBAHUSL.
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The radiowaves incoherent scattering (IS) method is most informative of the top atmosphere diagnostics ground
means in the big interval of heights and permit to measure simultaneously some parameters of ionosphere plasma
with the high spatio-temporal resolution.

The Irkutsk radar IS has one linear polarization of field that essentially differences it from specialized IS radars.
The main difference is in quasiperiodic fading of signal on the input of the linear polarized antenna taking place due
to Faraday effect (rotations of high-frequency radiowave polarization plane in the plasma is located in an external
magnetic field). Faraday fading of signal bring essential complications at creation of secondary processing methods,
but they can be used for absolute altitude electron density profile measurement on IS signal power variations.

Modern requirements of experiment demand the development of methods and algorithms allowing to define au-
tomatically spatio-temporal distributions of ionospheric parameters in real time or almost real time.

The present work is devoted to definition of electron density profile in an automatic mode and almost real time
according to Irkutsk radar NR data.

Primary processing of a signal at electron density profile definition includes a filtration of Faraday fading profile
for noise elimination with automatic selection of the filter parameters depending on noise level and a kind of a sig-
nal.

Secondary processing consist of the following stages: definition of slowly varying parameter T,/ T; incoming in
power profile for taking into account of its influence on electron density profile Ne; the solution of the nonlinear
equation on N.

The algorithms and the results of real profile processing descriptions and their comparison with the vertical
sounding data are submitted in the work.

SJIEKTPOANHAMMKA TPOLECCOB B PAMOHE I'OJIOBHOM YIAPHOM BOJIHBI
ILLA. Cenbix, E.A. [lonomapes

WuctutyT comreyno-3emuoi ¢pmuku CO PAH, UpkyTck
pvisd@iszf.irk.ru

ELECTRODYNAMICS OF PROCESSES IN THE BOW SHOCK REGION.
P.A. Sedykh, E.A. Ponomarev

B mpenpinymux Hamumx paborax ObUIO MMOKa3aHO, YTO TOJOBHAsI yHapHas BOJIHA SIBIISIETCS MpeoOpaszoBarelieM
KAHETHYCCKON 3HEPTUU COJIHEYHOTO BETPA B TCIUIOBYIO U 3JICKTPOMArHUTHYH. [Ipu 00TekaHMH MarHUTOC(EpHOU
IMOJIOCTU CTPYKTYypa TEUCHUA COJIHCUHOI'O BETpAa HAPyHIA€TCA, BMECTE C HUM HCKa)XarOTCsA U MAarHUTHBIC CHUJIOBBIC
JIMHAN MEXIUIAaHETHOTO MarHuTHoro noist (MMII). OTo o3HavyaeT MOSABICHUE B OKOJIO3EMHOM KOCMHYECKOM IpPO-
CTPAHCTBE CHCTEMBI 3JEKTPHUECKUX TOKOB. IIoCKONBKY 3aMarHW4YeHHas IIa3Ma COJTHEYHOTO BeTpa IBIDKETCS CO
CKOPOCTBIO COJTHEYHOTO BETPa B CHCTEME KOOPAMHAT TOJIOBHOM yJapHOH BOJIHBI, B 9TOM CHUCTEME MOSABIISETCS HJIEK-
Tpudeckoe mosne. Takum 0Opa3oM, B OKOJI03eMHOM KOCMHYECKOM MPOCTPAHCTBE, OKA3bIBACTCS, pa3MeIlleH IeHepa-
TOp INEKTPUYECKON MOIIHOCTH. IIpH oNpeneneHHbIX YCIOBUSAX 4acThb 3TOH MOIIHOCTH MOMKET PacXoA0BaThCs Ha
HoJIep KaHie MarHUToC(epHBIX IporieccoB. B npensiaymeit pabote MBI yke paccMaTpUBaJIM 3TY POOIEMy, OHaA-
KO JIMIIb [ ciiydas, korjga B,-kommnoHenta MMII oTcyTcTByeT, a mapaMeTphl COJHEYHOrO BETpa (PUKCUPOBAHBI U
COOTBETCTBYIOT CPEHUM.

B aT0i1 paboTe MBI IpeIaraeM aHaJMTHYECKOE PEIIeHNE MPOOIeMBbl, TAKXKE CBSI3aHHOE C OTPaHMYCHUSIMHU, HO
yke apyroro xapaxrepa. OCHOBHas 3ajada HacTOsIIeH paboThl — YTOYHEHHE 3aBUCUMOCTH BBIXO/JHBIX MTapaMEeTpPOB
storo MI'JI-reHeparopa oT napaMeTpoB COJIHEYUHOTO BETpa.

In our previous paper it was shown, that bow shock is the transformer of solar wind kinetic energy into thermal
and electromagnetic one. At flow of the magnetosphere, the structure of solar wind flux is upset, together with it the
force magnetic lines of an interplanetary magnetic field (IMF) are garbled also. And it means occurrence the system
of electric currents in near earth space. As the magnetized plasma of solar wind goes with solar wind velocity in the
bow shock coordinate system, in this system there is an electric field. Thus, in near earth space, it appears, the gen-
erator of electrical power is located. Under certain conditions part of this power can be spent for maintenance of
magnetospheric processes. In the previous paper we already researched this problem, however only for a case, when
IMF B,-component misses, and the parameters of solar wind are constant and correspond to medial.

In this paper we offer the analytical solution of a problem, as connected with restrictions, but already of other
character. A primal purpose of the present paper is improvement of MHD-generator output parameters dependence
from the solar wind parameters.

MUKPOCIYTHUK « YHUBEPCUTETCKAMN-TATbSAHA»: OIIUCAHUE U
INEPBBIE PE3YJIBTATHI

C.A. Kpacorkun, M.H. [1anaciok, E.A. Curaesa, U.B. Sliunn

HayuHno-uccnenoBarenbckuii MHCTUTYT siiepHO# (usuky um. J1.B. Cxobenpusina, MI'Y, Mocksa
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SUPER SMALL SATELLITE “UNIVERSITETSKIY-TATYANA”: DESCRIPTION AND
THE FIRST RESULTS

S.A. Krasotkin, M.I. Panasyuk, E.A. Sigaeva, I.V. Yashin

Belka@srd.sinp.msu.ru

CrytHuk «YHUBepcuTeTCKuii—TarhsHay 3amymmeH 20 sasapst 2005 r. B 6 9 M0 MOCKOBCKOMY BPEMEHH C KOCMO-
npoma ITnecenk pakeroit «Kocmoc-3M» B pamkax coBMecTHO# nporpammel MI'Y u MunuctepcrBa O60opoHs! Poccun.

VYHUBEPCUTETCKUM CIYTHHK OTHOCHUTCS K KJIACCY MUKPOCIYTHHUKOB, €r0 Macca — okoJjio 23 kr. BeicoTa pacuer-
HOU KpyroBoii opoutsl — 970 kM npu HakioHeHnH 83°. OH opueHTHpOBaH Ha 3emio (¢ TogHoCcThI0 £1.0° ). Oxmna-
eMBbIil (pacueTHBIN) CPOK aKTHBHOTO cymiectBoBaHus — 1-3 ronma. Hayunas ammaparypa cryTHHKa paspaboTaHa u
nsrotosieHa B MI'Y, cam cnytHuk — B Kb «Iloset» (1. Omck). Bec nmosne3Holt Harpy3ku CIyTHHKA COCTaBISET OKO-
7o 7 xr, notpedienue sHeprun — MeHee 4.6 BT. MHpopMamys co CriyTHHKA MepeaaeTcs B paguoOOUTEIECKOM
Juana3oHe Ha yactoTe 435215 xI'm.

3amycK CITyTHHKa 3aJyMaH M OCYIIECTBJIEH B paMKaXx KOCMUYECKOH Hay4HO-00Pa30BaTENBHOM MpOrpaMMEI
«MI'Y-250», mpenycMaTpuBaromeil cpean ApyruxX HaIpaBICHUH NEATEIFHOCTH B O0JIACTH KOCMHYECKONW HAyKU H
00pa3oBaHMsA CO3JaHNE HEAOPOTOH KOCMHYECKON MIaT(opMbl Ul 3KCIIEPUMEHTOB B KOCMOCE CHJIAMH YYCHBIX,
npenogasaTenell U cryaeHToB MI'Y.

Peanusanus mporpaMMbl MCCI€JOBaHUI HA CIyTHUKE BKIIOYAET SKCIEPUMEHTHI 10 U3YYEHHIO PaJHalliOHHON
00CTaHOBKM BOJHM3HM 3eMIIH, KOCMHYECKHX YacTHUI] BBICOKOM SHEPIUH, YIbTPadHOIETOBOrO (JOHOBOTO H3ITydECHUS
HOYHOW aTMocdepbl U MOJSPHBIX CUSHUM, BApHALMi MAarHUTHOTO NOJIS 3eMJIM U PaJHallMOHHOW CTOHKOCTH OOpTO-
BOM AJIEKTPOHUKHU.

Jlis 3TuX uccnenoBaHui Ha OOPTY CIIyTHUKA pa3MeIleH KOMILIEKC alnapaTyphl:

— JIeTEKTOpPBl KOCMHYECKOH pagualiuil U KOCMHUYECKUX JIydel, KOTOpbIe IO3BONIAIOT M3MEPATh MOTOKH 3aps-
JKEHHBIX YaCTHUI] B OKOJO3EMHOM IIPOCTPAHCTBE B OUEHb IIMPOKOM JAMAIAa30HE SHEPTHUil OT JECATKOB A0 MIJUITMOHOB
3B (3TOT nMamna3oH MepeKpBIBACT PHEPTUHM NPAKTHYECKH BCEX YACTHIl KaK PaJHAallMOHHBIX MOSICOB 3eMJIH, TakK U
KOCMHYECKHX Jydel, reHepupyeMbix Ha CoHIIe BO BpeMs YCHIICHUH COTHEUYHOH aKTUBHOCTH);

— JIeTEKTOp YJIbTPa(pHOJIETOBOTO M3ITyUEHHS, H3MEPSAIOMHNI (POHOBOE CBEUEHHE HOYHOW aTMoc(epsl U cBede-
HHE TIOJSIPHBIX CHSTHUI B aBpOPaIbHON 00I1aCTH BO BPEMSI MAarHUTHBIX OYpb;

— MarHUTOMETp — IpUOOp I N3MEPEHNI MarHUTHOTO TOJIS 3eMJIH, KOTOPBII OIPEAeiseT ero N3MEHEHUS BO
BpEMS MAarHUTHBIX OYpB;

— JaT4uK IUQPOBBIX cOOEB MHUKPOCXEM ISl BBIABICHHS BIUSHNS W3MEHEHHMH PaIWalliOHHOW OOCTAHOBKH B
KOocMoce Ha (yHKIIMOHUPOBaHHE COBPEMEHHOH AJIEKTPOHHOW 0a3bl CIyTHUKOBOM ammaparyphl.

Vcnionp30BaHne B cOCTaBe HAy4yHOH ammapaTypbl JETEKTOPOB Pa3HBIX TUIOB (TIOIYNPOBOAHUKOBBIX, Ta30pas-
PSAHBIX, CHUHTWUISAIIMOHHBIX) TTO3BOJIIET PETUCTPUPOBATH 3apsDKEHHBIE YACTUIBI B PA3IMYHBIX IYHEPTETHUECKUX
JMamna3oHax: 3JeKTPOHBI ¢ dHeprueit 6onee 40 k3B, 70 kaB, 3.5 MaB, 5 MaB, 11 M»sB, 18 MaB, a takxe B nuamna-
3oHax 0.3-0.6 MaB u 0.6-0.8 MbsB; nportonsl ¢ sueprueii 6onee 0.8 MaB, 1 MaB, 7 MaB, 20 M»sB, 23 M»aB, 40
M5B, 60 M»B, a Takke B 3HepreTHYECKUX Auana3onax 2.2—14 MaB, 1-100 M»sB, 7-15 MaB, 15-40 M»B u 40-100
M5B; B-uactuisl ¢ sHeprueii 6onee 240 MaB.

[NonsipHast kpyroBast opOHTa CIyTHHKA IIEPEceKaeT Bce 00JIACTH OKOJIO3€MHOTO KOCMHUYECKOTO MPOCTPAHCTBA:
MOJIIPHBIE IIAINKH, aBPOPAJIbHYIO 00/1acTh, BHEITHUN ¥ BHYTPEHHUH paJnanvoHHbIA nosica. [losToMy HaydHast MH-
(hopmarys, mosrydaemast co CIIyTHHKA, HHTEpECHa Kak JJIsl HCCIIEI0BATENLCKHX, TaK M Il 00pa30BaTENbHBIX LEIeH,
KOTOpBIC MTPEAYCMATPHBAIOT CO3/1aHNE MHTEPAKTUBHBIX 3a/1a4 Ha OCHOBE WH(OpMaNny, NOIydyaeMon co CIIyTHHKA.

Hapsimy ¢ moppoOHBIM ONMCAaHUEM almapaTypbl CIIyTHHKA «YHHBEPCHUTETCKHH—TaTbsHa» IOKIAA COAEPKHUT
OTHCaHME TEPBBIX HAYYHBIX U 00pa30BaTEIbHBIX PE3YNbTATOB, a TAKXKE MEPCIEKTHB CITyTHUKOBOTO MPOEKTa.

Universitetskiy (Tatyana) satellite was launched on January 20, 2005 at 6 o’clock Moscow time from Plesetsk
space-launch complex by “KOSMOS-3M” carrier rocket within the framework of the joint program of the Moscow
State University and the Ministry of Defense of Russia.

Universitetskiy satellite belongs to microsatellites (super small satellites) class, its weight is about 23 kg. Alti-
tude of calculated orbit is 1000 km, inclination is 83°. The satellite is oriented on the Earth to within £1°. Calculated
period of active life is about 1-3 years. Scientific payload of the satellite was constructed and developed in the Mos-
cow State University, the satellite itself is manufactured by Production Corporation “Polyot” (Omsk). The weight of
the satellite payload is about 7 kg, power consumption is less than 4.6 W. The information from the satellite is
transmitted at the frequency of 435215 kHz (radio amateur range).

Universitetskiy (Tatyana) satellite was developed and launched within the bounds of space scientific and educa-
tional program “MSU-250", which among other activity directions in the area of space science and education stipu-
lates development of inexpensive space platform for space experiments with efforts of University scientists, teachers
and students. The satellite’s launch may become the pilot project, which will be continued in order to solve many
urgent tasks of space science and education.

The scientific program of Universitetskiy (Tatyana) satellite includes the detailed study of radiation conditions
near the Earth, high energy cosmic particles, UV background glow of the night atmosphere and aurora, variations of
the magnetic field of the Earth and radiation stability of onboard electronics.
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To carry out the mentioned experiments there is following equipment onboard of the satellite:

Space radiation and cosmic rays detectors, which measure the charged particles flux in the near-Earth space in
wide range of energies — from dozens up to millions eV (this range covers almost all particles both from the radia-
tion belts of the Earth and of the cosmic rays, generated on the Sun during the periods of high solar activity).

UV detector, which measure background night atmospheric glow and auroral glow in the auroral zone during the
magnetic storms.

Magnetometer, which measures the magnetic field of the Earth and determines its change during the magnetic
storms.

IC failure pickup unit for revealing how the changes of the space radiation conditions influence modern electron-
ic satellite’s equipment.

Using the different types of detectors (semiconductor, gas-discharge, scintillation) with different cover thickness
as components of the satellite’s payload charged particles within different ranges of energy are registered:

— electrons with energy over 40 keV, 70 keV, 3.5 MeV, 5 MeV, 11 MeV, 18 MeV, and within energetic ranges
of 0.3-0.6 MeV and 0.6-0.8 MeV;

— protons with energy over 0.8 MeV, 1 MeV, 7 MeV, 20 MeV, 23 MeV, 40 MeV, 60 MeV, and within energet-
ic ranges of 2.2-14 MeV, 1-100 MeV, 7-15 MeV, 15-40 MeV and 40-100 MeV;

— alfa-particles with energy over 240 MeV.

The polar circular orbit of the satellite covers all the regions of the near-Earth space: polar cap, aurora, outer and
inner radiation belts. Therefore the scientific information from the satellite is of high interest both for research and
educational purposes, the second of which stipulates development of interactive demonstrations and exercises on the
basis of the scientific information obtained from the satellite.

Equally with detailed description of the scientific payload of the satellite Universitetsiy (Tatyana) the report in-
cludes description of the first scientific and educational results, and the perspectives of the satellite operation.

CBSI3b BAPUAIIMI HEUTPOHHOTI'O IOJISI 3EMJIM C KOCMHUYECKOM MO 010N
U IIPOLIECCAMM HA COJIHIIE

|E.M. KymeBcKnﬁL O.10. Heuaes, E.A. Curaesa

HayuHo-mccnemoBarenbckuil MHCTUTYT sinepHoi ¢usuku uM. J1.B. Crobensupiaa, MIY, Mocksa
Belka@srd.sinp.msu.ru

THE VARIATIONS OF THE NEUTRON FIELD OF THE EARTH ASSOCIATED WITH SPACE
WEATHER AND THE PROCESSES ON THE SUN

IB.M. Kuzhevskij, O.Yu. Nechaev, E.A. Sigaeva

C 1993 r. B MockBe paboTaeT 3KCIepUMEHTalIbHas YCTaHOBKA IO PETHCTPALMN HEHTPOHOB TEIJIOBBIX U MeEJ-
JICHHBIX PHEPTUil BOMU3M 3eMHOMN KOphl. B ee coctaB BXOJAT cTaHAapTHBIE HeliTpoHHbIe cueTunku CH-19H, namon-
HeHHbIe rasoM *He. D (PEKTHBHOCTh PErHCTPALMH HEHTPOHOB STHMH CYETUHKAMH PACTET C YMEHBIICHHEM SHEPTHH,
W JUUIsl TETUIOBBIX HeHTpoHOB cocTasiser 0.8. B HacTosiiee BpemMs yCTaHOBKA padOTaeT KPYIJIOCYTOUHO, e€e KOH( H-
Typarus Mo3BOJISIET PETUCTPHPOBATH OTACIHHO IIOTOKH HEMTPOHOB BEPXHEH M U3 HIDKHEH momycdep.

OkcrepuMeHTaNbHbBIE JJaHHbIE, TIOJIyYeHHBIE B ITPOIIECCEe N3YUYCHUsI HEIMTPOHOB B 3eMHOIT aTMOcdepe, yKa3bIBaloT
Ha TO, YTO MOMHMMO XOPOIIO HM3BECTHOI'O MCTOYHHKA HEHTPOHOB B 3eMHOH aTMocdepe — KOCMHUYECKHX Jydeill —
BOJIM3HM 3€MHOM KOPBI MPHCYTCTBYET €Ille KaK MHHUMYM OJIMH UCTOYHHK, POJb KOTOPOTO MOKET BBINOJHATH cama
3eMHasl KOpa 3a CUET COJIep KAIIMXCs B HEH paJlMOaKTHBHBIX ra30B. [IpoBeileHHBIE pacyeThl MOKa3a, YTO X BKJIAX
B KOHIIEHTpAIMIO HEHTpoHOB ¢ 3Heprueil E < 0.45 3B cocraBiser ans pa3auyHbIX 001acTe OT HECKOJIBKUX IPO-
IIEHTOB TIOYTH 0 CTa MPOLECHTOB.

CrenoBatenbHO, MOCKOJIBKY BKIJIAJ 36MHOM KOPHI B OOLIHMH MOTOK HEHTPOHOB 00YCIIOBIICH PaclafioM COAepKa-
IIUXCS B HEH PaJMOaKTUBHBIX ra3oB, JI000€ N3MEHEHHE YCIIOBHH BBIXO/A 3THX I'a30B Ha MOBEPXHOCTH OyAeT NpH-
BOJIUTH K BapuaIsIM HEHTPOHHOTO MOTOKA BOJIM3M 3€MHOM MOBEPXHOCTH, T.€. HEHTPOHHBIN MTOTOK BOIN3M 36MHOM
KOPBI TOJDKEH OTpaXKaTh T€OJMHAMUYECKHE TPOLECCH, B YaCTHOCTH, CEHCMUYECKYI0 aKTHBHOCTD M BYJIKAHUIECKYIO
JIeSITeTbHOCTE. Takasi CBA3b MEXIY F€OAMHAMHUKON M BapHaIMSIMHU ITOTOKa HEHTPOHOB HAOMIOAeTCsA KaK B CEHCMHU-
YeCKH aKTHBHBIX paiioHax (Hampumep, Tsub-Illans u Kamuatka), Tak u B celicMuuecku crokoitHbx (MockBa) —
€CTECTBEHHO, B 00JIee C1ab0i CTEIEHM.

OpHaKo MOJyYCHHBIE 3KCIIEPUMEHTAJBHBIC JaHHBIE IMOKA3bIBAIOT, YTO HEHTPOHBI BOIW3M 36MHOM KOPHI OTpa-
JKaIOT M MPOIIECCHl B MEXIUIaHETHOM npocTpaHcTBe U Ha Comnnue. [Ipuyem HabmonaeMble Bapralii B HEHTPOHHOM
MIOTOKE MOTYT OBbITH 00YCIIOBJIEHBI U3MEHEHHEM HE TOJILKO MTOTOKAa KOCMHUYECKUX Jy4el, HO U BKJIala HEUTPOHOB OT
3eMHO# Kopbl. MccnenoBanns Bapuannii HEHTPOHHOTO M3JTyYeHMs] BOJIM3M 36MHOHM KOPBI ITOKA3ajH, YTO NPU U3Me-
HEHUH MOJIAPHOCTH MEXIUIAaHETHOro MarHutHoro moiisi (MMII) Ha 3eMHYI0 KOpY OKa3bIBaeTCsl BO3JCHCTBHE, MPH-
BOJsIIEE K U3MEHEHUIO BEJIMYMHBI HEUTPOHHOIO MOTOKA OT 36MHOM MOBEPXHOCTU. AHAlIM3 OCHOBBIBAJICS HAa HH-
dhopmamuu 3a 39 mecsrnes ¢ 1999 mo 2003 1. 3a 3To BpeMms nossipHocTh MMIT oko0J10 3eMii u3MeHsIach IPUM EPHO
116 pa3. Kak mpasuio n3menenne noisipHoctd MMII compoBokaaeTcss CHIIBHBIMU BapHAIlMsIMH HAIpSHKEHHOCTH
MMII, xoTopast MEHSIETCSI B HECKOJIBKO pa3, MHOTAA Ha mopsaok. HelTpoHHas anmapaTtypa 3a 3TO BpeMs 3aperu-
ctpupoBania 6osnee 350 BCIUIECKOB PA3IMYHONW aMIUIMTYAbI, U3 KOTOPHIX 80 MO BpeMEHH COBNAIM C M3MEHEHHUSIMH
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TOJIIPHOCTH W HadaJioM Bapuainui HanpsokeHHocTHn MMII, a okoso 40 — ¢ CHIBbHBIMU BapHAIMSIMU HAPSKEHHOCTH
TOJIA, HE COMPOBOKIABIIUMHUCS] CMEHOM €T0 HOISPHOCTH.

B 1999 r. onHOBpeMEHHO ¢ yCTaHOBKOW B MOCKBE IpOBOAMIIACH perucTpanus HeUTpoHOB Ha TsHb-lllane, u
ynanock 3a(uKCHpOBaTh BO3MYIIECHUS, CBSI3aHHBIC ¢ mepecedeHueM rpanun MMII, ogHOBpEMEHHO B 3THX JBYX
TOYKaxX, PaCCTOSHUE MEKAY KOTOPBIMH COCTaBIISIET HECKOIBKUX THICSY KMIOMETPOB. [loTokn HeiiTpoHOB B MOCKBE
u Ha TsnHb-11lane Bo3pacTany 0AHOBPEMEHHO C TOYHOCTBIO 10 HECKOJIBKUX MUHYT, B OTJIMYME OT BapUalui HEUTPO-
HOB, CBSI3aHHBIX C JIYHHBIMH (ha3aMH, KOTOPBIE B Pa3JIMYHbIX TOUKAX HAOIIOAAI0TCS B Pa3INYHOE BPEMSI.

[TprunHOW BOSHMKHOBEHHS! BOSMYILEHHH B IMIOTOKE TEILIOBBIX M MEJICHHBIX HEUTPOHOB BOJIM3M 3€MHOM KOPBI IPU
cmere nossipHoctd MMIT MOKeT MOCIyKUTh 3JIEKTPOMAar HUTOCTPHKLMOHHBIN 3({eKT, KOTOPBIH 3aKI0YaeTcsi B TOM,
YTO IpY M3MEHEeHHH HanpspkeHHocTH MMIT 3eMHast Kopa UCTIBITBIBAET HANPsDKEHHS U ieopMaliiy, KOTOpbIe MPUBOIAT
K MU3MEHEHUIO TIOTOKA TETIOBBIX U MEAJIEHHBIX HEUTPOHOB. B M0jB3y 3TOro roBOpUT U M3ydeHHE paclpeneieHus CHIb-
HBIX 3eMJIETPSICEHUI B 3aBUCHUMOCTH OT UX yJaJI€HHOCTH OT JHS cMeHsI nonsgpHocT MMII Ha ocHOBe aHanM3a MaccuBa
u3 772 3eMIeTpsceHNA ¢ MarHuTyIol Goee 6.3, mpomsomenmmx 1o Beel 3emute 3a nepuon ¢ 1972 mo 1993 rr. bonee
JIBYX TpETEH 3TUX 3eMJIETPSICEHUI NMPOU30LLIO B TeUEHHUE Nepuoa + 2 qHsa BOKpYT AHA cMeHbl nossipaoctd MMIL. Ilo-
JIY9eHHBIN pe3yNbTaT TOKa3bIBACT, YTO CEHCMHUYECKasi aKTHBHOCTh 3eMJIM YCHIIMBACTCS B TIEPHOIBI cMeHBI 3HaKa MMIT
BOMM3M 3eMiTH, T.€. IO BO3IEHCTBHEM TOTO )K€ 3JIEKTPOMArHUTOCTPUKIIMOHHOTO MEXaHU3MA.

Beginning with 1993 the experimental plant detecting the neutrons of thermal and slow energies near the Earth
crust is under operation in Moscow. It consists of standard neutron counters SI-19 N, filled with *He gas. Efficiency
of neutrons’ registration by means of such counters increases with energy’s diminishing, and for thermal neutrons
it’s value is about 0.8. Now the experimental plant is under 24-hours operation and its configuration allows to detect
neutron flux from the upper and from the lower hemispheres separately.

The experimental data, obtained during the studies of the neutrons in the Earth’s atmosphere, point out that apart
from a well-known source of the neutrons — cosmic rays, there is at least one more source. The role of this source of
neutrons can be played by the Earth crust itself owing to the radioactive gases, contained in it. The calculations have
shown that their impact to the concentration of the neutrons with energy E < 0.45 eV changes for different regions
from several percents up to about 100 %.

Therefore as the impact of the Earth crust to the total neutron flux depends on the radioactive gases decay, than
each change of their output conditions will result in variations of the neutron flux near the Earth surface. That is the
neutron flux near the Earth crust must reflect geodynamical processes, in particular, seismic and volcanic activity.
This connection between geodynamical processes and the variations of the neutron flux is observed both in seismi-
cally active (Tyan-Shyan, Kamchatka) and in seismically passive (Moscow) regions — certainly, at weaker rate.

But at the same time the obtained experimental data show that the neutrons near the Earth crust also reflect the
processes in the interplanetary space and on the Sun. The observed variations of the neutron flux can be dependent
not only from the changes of the cosmic rays flow, but also from the change of the Earth crust neutron impact.

The studies of the neutron radiation variations near the Earth crust have shown that during the change of the In-
terplanetary Magnetic Field (IMF) polarity the Earth crust feels the influence, which results in the variations of the
neutron flux directed from the Earth’s surface. The study is based on the information of 39 months for the period of
1999-2003. During this period the IMF polarity has changed 116 times. As a rule, the IMF polarity change is ac-
companied with strong variations of its intensity, which changes several times, sometimes dozens of times. During
the observed period the neutron detecting equipment have detected over 350 splashes of different amplitude, 80 of
which coincided with the changes of the IMF polarity and with the beginning of the IMF intensity variations, and
about 40 — with strong variations of the IMF intensity without change of its polarity.

In 1999 the neutrons were detected simultaneously in Moscow and Tyan-Shyan, and we have fixed the splashes as-
sociated with change of the IMF polarity in these two points, distance between which is several thousands kilometers.
The neutron fluxes in Moscow and in Tyan-Shyan increased simultaneously to within several minutes, in contrast to
neutron variations associated with phases of the Moon, which were observed in several points in different time.

The reason of such variations of thermal and slow neutrons flux near the Earth crust during the changes of the IMF
polarity can be electromagnetostriction mechanism, which consists of the Earth crust stresses and deformations under
the influence of the IMF polarity change, which in turn leads to the changes of thermal and slow neutrons flux.

The results of the studies of strong earthquakes distribution depending on their temporal remote from the day of
the IMF polarity change is also in favour of the proposed mechanism. This study is based on the array of 772 earth-
quakes with magnitude over 6.3 which took place all over the Earth during the period of 1972-1993. Over 65 % of
these earthquakes happened during + 2-days period around the day of IMF polarity change. This result shows that
the seismic activity of the Earth increases during the periods of the IMF sign changes near the Earth under the influ-
ence of the same electromagnetostrictional effect.

HNCCIEJOBAHHUE CBA3U CTPYKTYPbI CUT'HAJIOB HAKJIOHHOTI'O
N BO3BPATHO-HAKJIOHHOTI'O 30HIUPOBAHUA
CIIYYAMHO-HEOJJHOPOJIHOM NOHOC®DEPHI

A.B. Cynapuukos, H.T. ApanacseB

WpkyTckuil rocyjapCTBEHHBIN YHUBEPCUTET, MIpKyTCK
sav@irtel.ru
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RESEARCH OF CONNECTION OF STRUCTURE OF SIGNALS OBLIQUE AND BACKSCATTER
PROBING OF THE RANDOM-NONUNIFORM IONOSPHERE

A.V. Sudarchikov, N.T. Afanasjev

B nocnenHee BpeMs B IIPaKTHKE PaJAnOCBA3M 3HAUNTEIBHOE BHUMAHUE YJEISIETCS] BOIPOCAM PACIIMPEHHs Ana-
na3oHa pabouuX 4acTOT MpH Iepenade HHGOPMAIH Yepe3 HOHOCHEPHBIN pagroKaHal. YCIEIIHOE PEMICHNE 3TOH
3a/laud BO MHOTOM 3aBHCUT OT BO3MOXKHOCTEH NMPOrHO3UPOBAHMS YCIOBUN PACIPOCTPAHEHUS PAJHOBOJIH B HEOAHO-
ponHoii nonocgepe. B cuiry ObicTpoli N3MEHYMBOCTU CBOWCTB M IapaMeTpPOB MOHOC(EPHI YCPETHEHHBIE MOJAEIH
Cpelbl YacTo He YAOBIETBOPSIOT 3alPOCHl IPAKTUKOB, II0ATOMY Ha NEpeJHUN MJIaH BBIXOAUT 3ajjaya ONEePaTUBHOIO
NPOTHO3UpOBaHMs pabounx yactoT. OOBIYHO ONEPATUBHEINM MPOTHO3 YaCTOT 00ECIEYMBACTCS 3a CUET NPUBIICY CHUS
Pa3IMYHBIX CHUCTEM 30HIUPOBAHHUA: BEpTUKaJIbHOTO, HakiIoHHOro (H3), Bo3BpaTHO-HaKmonHoro (BH3) u tpancuo-
HocepHoro. C OMOIIBIO pelieHns] 00paTHOH 3a/lauyl Mo JaHHBIM 30HIUPOBAHUS ONPEACISIIOT PsiJi HOHOC(HEPHBIX
HapaMeTpoB, KOPPEKTUPYIOT YCPETHEHHYIO MOJIEINb 3JIEKTPOHHON KOHIIEHTPALNH, a 3aTEM B HCTIPABICHHON MOAEITH
paccUNTHIBAIOT AWAIIA30H BO3MOXKHBIX pabodnx gactoT. KpoMe TpaiuIMOHHOTO ONEpaTHBHOTO IPOTHO34, MOIYIHIT
pa3BUTHE WHOU MOIXO0J, OA3MPYIOUIMIiCS HA TaK Ha3bIBaeMOW MPAMOM MUArHOCTHKE MOHOC(EPHOTO paaroKaHaja,
KOT/Ia TapaMeTpbl IPOOHOTO 30HAMPYIOIIETO CUIHANA MEPECUUTHIBAIOTCS B XapaKTEPUCTHKH OCHOBHOTO IEpeaBa-
emoro cursana [1]. Ha 3Tom myTn moiy4eHs! BaXKHBIE PE3yJIbTAThI, KaCAIOMINECS IIPOrHO3UPOBAHNS MaKCHMAaJIbHO-
npuMeHnMor gacToTsl (MITH) m mucTaHIMOHHO-YaCTOTHBIX XapaKTEPHCTHK Pa3INYHBIX MOJ CHTHAla B IIHPOKOM
Kiacce reopusnyeckux ycinoBuid [2]. TouHOCTH ONEpaTHBHOTO MPOTHO33, OCHOBAHHOTO HAa IMPSMOW JHAarHOCTHKE
paaroKaHaia, BO MHOTOM 3aBHCUT OT CHPaBEUIMBOCTH (DYHKIIMOHAJIBHBIX COOTHOLICHUH, CBSI3BIBAIOLINX CTPYKTYPY
NpoOHOTO M OCHOBHOTO CHrHaJoB. Kak mpaBmiio, Takie COOTHOLICHUsI HAXOIAT Ul PeryJsipHoil moHocdepsl 6e3
ydeTa €€ HEOJHOPOIHOCTEH, XOTS COBEPUICHHO MOHATHO, YTO IIPH pacIpOCTpaHEHHM CHTHajla B CIydaiHO-
HEOJIHOPOIHOM HOHOC(hEepe 3TH COOTHOIICHHUs OyayT npyruMu. Kpome Toro, pyHKIHOHAIBHBIC COOTHOIICHUS IS
perynspHOi noHOC(EpH HE YYUTHIBAIOT aHOMAJIBHBIE CIIOCOOBI PACHPOCTPaHEHH OCHOBHOTO M IPOOHOTO CHTHa-
JIOB, CBSI3aHHBIE C 3(deKTaMHu TOHKOH CTPYKTypsl HOHOCc(hephl. Hampumep, Xopomo U3BECTHO, YTO paccesiHue Jie-
KaMETPOBBIX PAJHOBOJH Ha CIy4aifHbIX HEOJHOPOIHOCTSIX MOKET 00€CTIeUnTh MPOXOXKACHHE CUTHAIA HA YaCTOTax
BhIe knaccrmdeckord MITY 6onee yem Ha 1 MI'1. Takum o6pa3om, y9eT BIHSAHUSA HOHOC(HEPHBIX HEOTHOPOIHOCTEH,
KOTOpBIC NMPAKTHUECKH BCET/a CYMIECTBYIOT HA pajHoOTpaccax, MOXKET CIIOCOOCTBOBATh PACIIMPEHHUIO THAIla30HA
pabounx gacToT. B pabore momydeHsl (yHKIHOHAIbHBIE COOTHOIICHHMS, CBA3BIBAIONINE CPEAHIO MHTCHCHBHOCTH
JekaMeTpoBbIx curHanoB npu H3 u BH3 cinyuaitno-HeomHopoaHO#H noHochepsl. YrcIeHHOS MOACTHPOBAHUE TIOKA-
3aJ10, 4ro nepenHuil GppoHt curnana npu BH3 Gopmupyercs, riaBHbIM 00pa3oM, 3a CYET BOJIH, PACCESIHHBIX MEJI-
KOMAacCIITaOHBIMH 36MHBIMH HEPOBHOCTSIMH B OKPECTHOCTH TI'paHMIBI 30HBI TeHH. KpoMe Toro, 3a cder paccesHus
BOJIH Ha MOHOC(EPHBIX HEOJAHOPOIHOCTSIX OKa3BIBACTCA BO3MOXHBIM (popMupoBanue curtana BH3 u u3 riyObuns
30HBl TeHH. B pe3ynbTraTe MMHHUMAaIbHOE BpeMs paclnpocTpaHeHus curHayna npu BH3 ciywaiiHo-HeomHOpOIHOM
MOHOC(Epbl CTAHOBHUTCSI MEHbIIIE BPEMEHHU MPHUX0Ja KPYTOro INepenHero (ppoHTa CUrHaja Mpu ero paclpocTpaHe-
HHUHM B PEryJisipHOH cpeze. TeopeTndyeckue pacueThl MOKa3alu, 4To KpyTu3Ha nepenHero ¢ponra curnana BH3 cy-
IIECTBEHHO 3aBHCHUT OT MHTEHCHBHOCTH M MacIITabOB paccenBarolInX MOHOC(EpHBIX HeopHopoaHocTel. M3mepsis
HaKJIOH TepeaHero GppoHTa npobHoTo curnana npu BH3 u ncnons3ys nomydenHsie B paboTe COOTHOIICHNUS, MOKHO
NpesicKa3aTh Juana3oH pabounx 4acToT NMPH HAKJIOHHOM PaclpOCTPaHEHHH OCHOBHOTO CHTHAJIa HA 4acTOTaX BBINIE
MIIY, He npuBieKas pemeHns 0OpaTHON 3aauy ONpeeIeHUs TapaMeTPOB HOHOC(HEPHBIX HEOTHOPOAHOCTEH.
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Recently in radio communication much attention is paid to questions of expansion of operating frequencies range
at an information communication through an ionospheric radio channel. The successful solution of this problem de-
pends on opportunities of forecasting of propagation conditions of radio waves in the nonuniform ionosphere. By
virtue of prompt variability of properties and parameters of ionosphere average models of medium frequently do not
satisfy practical requests, therefore on the foreground there is a problem of operative forecasting of operating fre-
quencies. Normally operative forecast of frequencies is provided due to attraction of various systems of sondage:
vertical, oblique (OS), backscatter (BSS) and transionospherical. With the help of the solution of the backward prob-
lem according to sondage determine a series of ionospheric parameters, correct average model of an electron con-
centration, and then in rectified model expect a gamut of possible operating frequencies. Except the traditional oper-
ative forecast continues to develop other approach basing on, so-called, direct diagnostics of an ionospheric radio
channel when parameters of a trial sounding signal are recalculated in performances of the basic transmitted signal
[1]. On this trajectory the important results concerning forecasting of maximum applicable frequency (MAF) and
remotely - frequency characteristics of various modes of a signal in a wide class of geophysical requirements [2] are
received. Precision of the operative forecast based on direct diagnostics of a radio channel, in many respects de-
pends on validity of the functional relations linking structure of trial and basic signals. As a rule, such relations are
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found for the regular ionosphere without taking into account its inhomogeneities. Though it is completely clear, that
at distribution of a signal to the random-nonuniform ionosphere these relations will be others. Besides the functional
relations for the regular ionosphere do not take into account the abnormal expedients of distribution of the basic and
trial signals, the bound with effects of a fine structure of an ionosphere. For example, it is known, that the dispersion
of decameter radio waves on random inhomogeneities can ensure passage of a signal on frequencies above classical
MAF more than on 1 MHz. Thus, the account of influence of ionospheric inhomogeneities which practically always
exist on radio paths, can promote expansion of a gamut of operating frequencies. In operation the functional rela-
tions linking medial intensity of decameter signals at oblique and reflexive-oblique sondage of the random-
nonuniform ionosphere are received. Numerical model operation has shown, that the leading edge of a signal at BSS
is shaped, mainly, due to waves, dispelled by small-scale ground unevennesses in the vicinity of border of a shadow
zone. Besides, due to a wave diffusion on ionospheric inhomogeneities there is possible a shaping of signal BSS and
from depth of a shadow zone. As a result, the underload time of distribution of a signal at BSS the random-
nonuniform ionosphere becomes less time of arrival of a steep leading edge of a signal at its distribution to the regu-
lar medium. Theoretical calculations show that the steepness of a leading edge of signal BSS essentially depends on
intensity and gauges of scattering ionospheric inhomogeneities. Measuring a declination of a leading edge of a trial
signal at BSS and using the relations received in operation, it is possible to predict a gamut of operating frequencies
at oblique distribution of a base signal on frequencies above MAF, not involving the solution of the backward prob-
lem of definition of parameters of ionospheric inhomogeneities.

MOIrPEHIHOCTH MO3UILIMOHUPOBAHUS OPEUTAJIBHBIX IOTPEBUTEJENR GPS B YCJ10-
BHUSIX BO3MYIIEHU OKOJIO3EMHOI'O KOCMHUYECKOI'O ITIPOCTPAHCTBA

II.B. Tarapunos

HpxyTckoe BeIcIIee BOGHHOE aBHALIMOHHOE HH)KeHepHoe yumuie (BoeHHbI HHCTUTYT)
t pav_vlad@mail.ru

ORBITAL GPS USERS POSITIONING ERRORS IN DISTURBED CONDITIONS OF NEAR-EARTH
SPACE ENVIRONMENT

P.V. Tatarinov

Pa3BuTHEe KOCMMYECKHX CHCTEM M TEXHOJOT'MH pacIIupseT Kpyr HCCIEeJOBATEIbCKUX U NMPHUKIAAHBIX 3a/ad, pe-
IIaeMbIX TaKMMHU cucTeMamu. [Ipu 3ToM TpeOoBaHMS K HaBHIALMOHHOMY OOECIICUEHHIO OPOHTAJIbHBIX 0OBEKTOB,
BXOJSIIIIUX B COCTaB PA3INYHBIX KOCMUYECKUX CHCTEM, ITIOCTOSIHHO BO3pacTaioT. [I[puMeHeHne CIyTHUKOBBIX pajino-
HaBuranuoHHeIX cucteM (CPHC) mist permneHus 3agad HaBUTallMu OpPOUTANBHBIX 00BEKTOB MO3BOJISET 3HAUNTEIHHO
MOBBICUTH TOYHOCTD OTIPEICJICHHUS] KOOPMHAT U apaMeTPOB JIBIDKEHHS TAKUX OOBEKTOB.

KagectBo ¢ynkunonupoBanuss CPHC B 3HauMTeNbHONW Mepe 3aBHUCHT OT COCTOSIHHS OKOJIO3€MHOTO KOCMHYE-
ckoro npoctpancta (OKII). B pabote [1] moka3zaHo, 4To BO BpeMsi reoMarHUTHBIX BosMymeruit B OKII mpoucxo-
T yxyamenne kadectsa GpyHkuonnposanust CPHC u, kak cienctsue, CHIDKEHHE TOYHOCTH HO3UIIMOHUPOBAHUS
¥ MOSIBJICHHE COOEB B ONpE/IeJICHUN KOOPIMHAT HA3€MHBIX ITOTpeOnTeNel HaBUTallMOHHOW MH(OpManny.

B mocnenHee BpeMsi MOSBIIIMCH pabOTHI 10 MCCIEAOBAHUIO (UIYKTyallMi aMIUIMTYABI ¥ (a3bl AEHHMETPOBBIX
PaIMOBOJIH Ha TpaccaxX CIIyTHHK—CIYTHUK [2]. OmHaKo ¢ TOYKH 3peHus opourtansHoro notpedurens CPHC 3Haun-
TENBHO OOJIBIINIT MHTEpEC MPEICTABISIIOT UccilenoBanns KadecTBa Gpynkunonuposanus CPHC kak cucremsl onpe-
JICJICHHS] MECTOMOJIOKEHHUS.

Ienpio nccnenoBaHus SBISETCS OLIEHKAa TOYHOCTH KOOpIMHAT opOuTanbHeIX morpeduteneit CPHC GPS mpu
pa3nuuHbIX ypoBHAX Bo3MymieHHOCTH OKII. B kagectBe opburtanbHOro o0BeKTa I SKCIEPUMEHTa ObLT BRIOpaH
Hu3koopOuTansHeIi ciyTHuk CHAMP, ocHamenHslit aByx4acToTHBIM GPS-npuemanxom. [lapaMerpsl opOHUTHI
CIyTHHKA: YTOJ HakIoHeHus 87.3°, Beicota ~ 400 kM, Iepro; oOparmeHus coctaBiseT 93.55 MuH.

Jliis mpoBeeHUs MCCIeI0BaHuil ObuTa co3nana 0a3a maHHbIX, BKiodamomas RINEX-daiinel, cogepkariue naH-
HBIE N3MEpEeHUl (a30BBIX M KOJOBBIX 3aJepKeK curHanos, HaBurannonHsle RINEX-daiinsr ams cmytaukos GPS, a
Taroke (aiisl, coaepikalie BHICOKOTOYHbIE KoopauHaTel ciiyTHuka CHAMP, npenocrasnsiemsie Llentpom reodu-
smdyeckux uccnenopanuii (Ilorcnam, I'epmanms).

ABTOpOM pa3paboTaHa METOJHMKA OLEHKH IOTPEIIHOCTEH ITO3MIMOHUPOBAHHS OpOWTAIBHBIX HOTpeOuTesei
CPHC u Ha ocHOBe c(OpMHUPOBaHHOI 0a3bl TaHHBIX ObIIA MPOBEJICHA CTATHCTHYECKAsl OIIEHKA TOYHOCTH MO3UIHO-
HupoBauus cryrtHuka CHAMP B pasznnuHbIX reodu3nueckux ycioBusx. [Ipu mpoBepeHHM 3KcreprMeHTa ObLiIH
o0OpaboTaHsl naHHBIE 3a epruoa ¢ 1 staBaps mo 31 gexabps 2003 1. B pa3nuYIHBIX T€OQU3NIECKUX YCIOBHSAX.

ITo pe3ynpraTam HcCiIeOBaHUI CAETAH BBIBO, YTO KAK B MArHUTOCITIOKOWHBIX, TAK ¥ B BO3MYIIIEHHBIX YCIOBUAX
HamOoJsiee BeposATHas OMIMOKa ompesesieHns Mectonoioxkenus cimytiuka CHAMP naxonutcst B mpeaenax 0—10 M.,
YTO yJIOBIETBOPSIET TPEOOBAHUAM, MIPEABIBIIEMBIM K HaBUTAIIMOHHOMY OOECIIEYeHNI0 0OBEKTOB JAHHOTO Kilacca
[3]. OnHako B mepHOABl CHIBHBIX TE€OMAarHUTHBIX BO3MYIIEHUN BEPOSTHOCTH TOSIBICHUS 3HAYUTEILHON OMIMOKH
6omee 30 M ~ B 1.5 paza BeIIIe, 9eM B MarHUTOCIIOKOHHBIX YCIIOBHSX.
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Development of space systems and technologies expands a circle of the research and applied problems decided
by such systems. Thus requirements to navigating maintenance of the orbital objects included in various space sys-
tems constantly grow. Application of satellite navigation systems (SNS) for the decision of orbital objects naviga-
tion tasks allows to increase considerably accuracy of coordinates and parameters of movement definition of such
objects.

Operation quality of the SNS appreciably depends on a condition of a near-Earth space environment (NSE). In
[1] it was shown, that during geomagnetic disturbances in NSE there is deterioration of SNS operation quality and,
as consequence, reduction of positioning accuracy and occurrence of failures in definition of ground users navi-
gating information coordinates.

Recently works on research of fluctuations of amplitude and a phase of decimeter radiowaves on lines «satellite -
satellite» [2] have appeared. However from the viewpoint of SNS orbital users the much greater interest researches
of SNS operation quality as represent systems of definition of a site.

The purpose of research is the estimation of SNS GPS orbital users coordinates accuracy at various levels dis-
turbances in NSE. For experiment has been chosen low Earth orbiter CHAMP equipped two-frequency GPS-
receiver. Parameters of the satellite orbit: inclination 87.3°, height ~ 400 km, a cycle time makes 93.55 minutes.

For carrying out of researches the database including RINEX - the files containing the data of measurements of
phase and code delays of signals, navigating RINEX-files for satellites GPS, and also the files containing precision
coordinates of satellite CHAMP, given by the Center of geophysical researches (Potsdam, Germany) has been creat-
ed.

The author develops a technique of SNS orbital users positioning errors estimation and on the basis of the gener-
ated database the statistical estimation of satellite CHAMP positioning accuracy in various geophysical conditions
has been lead. At carrying out of experiment it has been processed more than 100 flights in undisturbed and about
70 flights in disturbed geomagnetic conditions.

By results of researches the conclusion is made, that both in undisturbed, and in the disturbed geomagnetic con-
ditions the most probable mistake of satellite CHAMP site definition is within the limits of 0—10 m, that meets the
requirements, showed to navigation maintenance of the given class objects [3]. However in disturbed geomagnetic
conditions probability of a significant mistake occurrence upper of 30 m in ~ 1.5 times are higher, then in undis-
turbed conditions.

UCCJEJOBAHME NEPEMEIIAIOIIMXCA MOHOC®EPHBIX BO3MYIIEHUI C ITIOMOIIbIO
HECKOJIBKUX PAJMOPUZNYECKUX UHCTPYMEHTOB

A.B. Mengenes, K.I'. Patoscknuii, M.B. ToJicTukoB

WuctutyT conneuno-3emMHoi puzuku CO PAH, UpkyTck
maxim@iszf.irk.ru

INVESTIGATION OF TRAVELING IONOSPHERIC DISTURBANCES ON THE BASE OF SIMUL-
TANEOUS MEASUREMENTS MADE WITH SEVERAL RADIOPHYSICS TOOLS

A.V. Medvedev, K.G. Ratovsky, M.V. Tolstikov

B noHnocgepe mpakTHUecKd BCerza MPHUCYTCTBYIOT BO3MYILIECHHUS 3JIEKTPOHHON KOHIEHTPALMM OTHOCHTEIIHLHO
(hOHOBBIX 3HAYCHWH WM, APYTUMH CJIOBaMH, (QIIYKTyaI[Md MapaMeTpoB IUIa3MBbl CaMBIX Pa3lIMYHBIX BPEMEHHBIX H
MPOCTPAHCTBEHHBIX MAaCIITa00B, KOTOPBIE MPHUHATO HA3bIBaTh MOHOC(HEPHBIMH HEeOomHOpoIHOCTsIMH. HabmoaeHns
3a mepeMenamuMucs noHochepHsMu Bo3mymieHnsMH (I[T1MB) HeoOXomuMsl st H3ydeHHs CBSA3EH MEXITy HOHO-
cthepoii u Trazmochepoii, HoHOCHEPOl U HEUTpaIbHON aTMOoc(hepoi, a TakkKe Pa3IMYHBIMH OOJACTSIMU HOHOCH e-
psl. HecmoTpst Ha OombIoif 06beM MPOBEACHHBIX B MOCIETHIE TOABI HCCIIEOBAHUI, OCTAeTCS HEMAJIO HePEIICHHBIX
BOIIPOCOB B ONMCAHUM T'eHepauuy 1 pactpoctpanenus [1VIB 1 ux BiustHus Ha 3eMHYI0 aTMoc(epy.

B pabore paccmarpuBaeTcss MeTOuKa ornpeesneHus napamerpos [IMB ¢ moMomnisio KopperssmnoHHOTO aHaIH3a
JIAHHBIX pajiapa HEKOTePEHTHOTO pacCcesHusl 1 HOHO30H 1A BepTUKanbHOTO 30HAMpoBanus MC3® CO PAH. MuHnu-
MaJIbHBIM 0a3MCOM I ONpeZeNieHus BBHICOTHO-BPEMEHHBIX mapameTpoB [IMB sBustioTcs Tpu jiyda, KOTOpBIE HE
nexat B 0THOM tiockocTH. Upkyrckuii pagap HP o6rmamaeT BO3MOXKHOCTBIO 3JIEKTPOHHOTO CKAHUPOBAHUS B MEPH-
JTUOHAIBHON MIIOCKOCTH. J{JIs onpeenieHust XapakTepucTUK ABikeHus 1B B1oiap mupoTsl ObUT HCIIOTIB30BaH BBI-
COTHBIH MPOQUIIb AIEKTPOHHON KOHLEHTPAIMH, MOJy4aeMblii ¢ moMmolipio noHo3oHna DPS-4. Monoszonn DPS-4
pacnonoxeH HernocpenacTBeHHo B Upkytcke. Pagap HP pacnonoxken B 98 kM k ceBepo-3amany ot Mpkyrcka. Oco-
6enHocts MpkyTckoro pamgapa HP 3akmrodaeTcst B TOM, 9TO BBICOTHBIM MPOGIIIH 3JEKTPOHHON KOHIEHTPAIUN U3-
MepseTcsl Ha HeM MeTo/oM (apajeeBCKUX 3aMUpPaHUI U, CIEIOBaTEeNbHO, HE TpeOyeT KaJHMOpPOBKH HMOHO30HIIOM.
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Takum 00pa3oM MHCTPYMEHTHI IO3BOJISIOT U3MEPSTh NPOQUIL 3JIEKTPOHHONH KOHIEHTPALMU HE3aBUCHMO APYT OT
Jpyra B IPOCTPAHCTBEHHO Pa3HECCHHBIX TOYKaX. B3anMHOE pacroyioKeHHue WHCTPYMEHTOB o0pa3yer 0a3uc ¢ Xa-
pakTepHBIM paccTosiHMeM nopsaka 100 kM 1 JaeT BO3MOXKHOCTb U3MEpPEHHsI XapaKkTepucTuk asmxeHus [IMB.

HoHOo30H] M3MeEpseT 3JIEKTPOHHYI0 KOHIIEHTPALMIO Kak (yHKIHIO BPEMEHH U BBICOTHI HaJl IOBEPXHOCTHIO 3eM-
1M, a pajgap — Kak QYHKIHMIO HAKJIOHHOM NAJbHOCTH BJOJB Jy4a. V3 cyTOUHOTO X0J1a BJIEKTPOHHOM KOHIIEHTpaLuU
[TMB pa3nuuHbBIX MaciiTaboB MOTYT OBITH BBIJEJICHBI ITOJIOCOBOM (uibTpanueil. B ocHOBe MeTona onpeneneHus
napameTpos I11B nexuT n3MepeHue OTHOCUTENBHBIX 3aePiKEeK MEXy BO3MYIICHUSIMHU 3JIEKTPOHHONW KOHLIEHTpa-
I[1H, MOJyYEHHBIMU Pa3InYHBIMU IPUOOPaMU Ha Pa3IMUHBIX BBICOTaX. M3MepeHus Mexay TOUKaMH, He JIeXKaIUMU
B OJIHOM IUTOCKOCTH, IO3BOJISIIOT MOJYYHUTh IapameTpsl pacnpocTpaHeHus [IMB pemienuem cucTemsl JIMHEHHBIX
ypaBHeHHH. VI3MepeHus: Ha CeTKe BBICOT JAIOT BO3MOXHOCTb M3Y4YEHHUsS BBICOTHOHN CTPYKTYpbl Bo3myleHuil. Ilo-
CKOJIbKY ISl HOHOC(epBl HanboJee 4acTo pean3yeTcss MHTEpPEPEeHIHS Pa3IMuHbIX BO3MYIIEHHH BaKHOH COCTaB-
JSFOLIeN METO/A SIBJISIETCSl BEICOTHO-BpEMEHHast (QMIIbTpanysl pa3inuHbIX BOSMYILCHHUI.

B pabote npuBoIsTCS pe3yabpTaThl IPUMEHEHUS MeToa K uccienoBanuio [11B Bo BpeMst CHITBHBIX FeOMarHUTHBIX
BO3MYIIICHHH, a TAKKe AJIsI HEOOBIYHO CHIBHOTO BO3MYILCHHUS BBICOTHI MakCUMyMa F2-Ciios B TeOMarHUTHO-CIIOKO#-
HBIW JICHB.

Hacrosimas paboTa BbInosiHeHa npyu nozyiep>kke Poccuiickoro goHna ¢pyH1aMeHTaIbHBIX UcCieJ0BaHuN (TpaH-
TbI Ne 03-05-64627 u Ne 03-05-64527) n B pamkax rpanra HIII-272.2003.5 rocynapcTBeHHOW NOAJEPIKKH BELYLTHX
HayuHBIX 1K Poccuiickoit denepanyu.

Electron density disturbances of different scales are universally present in ionosphere. The observations of trav-
eling ionospheric disturbances (TID) are necessary for an investigation of connections between an ionosphere and
plasmasphere, ionosphere and neutral atmosphere, as well as between various areas of an ionosphere. Despite of
major volume of the investigations, carried out per last years, there are many unsolved problems in description of
generation and propagation of TID, and its influence on an Earth's atmosphere.

The procedure of TID parameters determination with the correlation analysis of the incoherent scattering radar
and ionosonde data is considered in the paper. Minimum base for TID parameters determination is the array of three
radar beams, which don't lie in the same plane. The Irkutsk incoherent scattering radar has a possibility for scanning
in a meridional plane. As an alternative to radar beam in a latitude plane we used the height electron density profile,
obtained with the DPS-4 ionosonde. DPS-4 is located immediately in Irkutsk. The incoherent scattering radar is 98
km distant northwest of Irkutsk. The distinctive property of Irkutsk incoherent scattering radar implies that the elec-
tron density profile is measured by the Faraday rotation method and hence has no need of calibration by ionosonde.
By this means the tools allow to measure electron density profile independently of one another in the spaced points.
The relative positions of the tools form basis with typical scale about 100 km and make possible measuring TID
dynamic characteristics.

The ionosonde measures an electron density as function of time and height above Earth surface and the radar as
function of slanted distance along a beam. TID of different scales can be chosen from electron density diurnal varia-
tion by band-pass filtering. The basis for TID parameters determination method is the measurement of relative de-
lays between electron density disturbances obtained by different tools at different heights. The delay measurements
in spaced points, which don't lie in the same plane, allow obtaining TID propagation parameters by solution of a
system of the linear equations. The measurements at different heights provide a way for disturbance height structure
investigation. Because interference of various disturbances frequently occurs in ionosphere, important component of
the method is the height-temporal filtering of disturbances.

In the paper there are results of the method application for TID investigation during strong geomagnetic disturb-
ances, as well as for extraordinary strong perturbation of F2-layer peak height in time of geomagneticly quiet day.

This work was done with support of the Russian fund of basic researches (grants Ne 03-05-64627 and Ne 03-05-
64527) and within the framework of the grant NSh-272.2003.5 of state support of leading scientific schools of Rus-
sian Federation.

MPOBEJIEHUE MTOJIEBBIX UCCJIEJJOBAHUM HA TEPPUTOPUH SKCITEPUMEHTAJBHOI'O
MMOJINT OHA BJIAAUMHUPCKOI'O TOCYAAPCTBEHHOI'O YHUBEPCHUTETA 110 HEITPEPBIBHBIM
CHUHXPOHHBIM PETUCTPAIIUSAM KPAMHEHU3KOYACTHBIX BAPUAIIUN SJIEKTPOMATHHUT-

HOI'O ITOJIA 3EMJIN MHOT'OKAHAJIBHBIM TPUEMHBIM KOMIIVIEKCOM

M.IO. ®enoroB, M.C. Coxo.i0B

Buiagumupckuii rocy1apcTBEHHBIN YHUBEPCUTET, Biagumup
grunsk@vpti.vladimir.ru
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THE CARRYING OUT OF THE FIELD INVESTIGATIONS ON THE TERRITORY OF THE EXPER-
IMENTAL PHYSICAL GROUND OF VLADIMIR STATE UNIVERSITY ON THE CONTINUOUS SYN-
CHRONIC RECORDING OF THE ELECTROMAGNETIC EARTH FIELD ELF VARIATIONS BY THE

MULTIPLEX RECEIVING SYSTEM

M.Yu. Fedotov, M.S. Sokolov

B noneBbix ncenenosanmsax 2004 . i cOopa M peTUCTpaIiy 3KCIIEPUMEHTAIBHBIX JAHHBIX BIEPBBIC B ITOJHOM
o0beMe BBeJeHA IU(pOBast CUCTEMa PETHCTPAlMy B MHOTOKAHAJIBHOM IPHEMHOM KoMIulekce. OTINIUTEIbHBIMU
0COOCHHOCTSIMU CHCTEMBI SIBJISIETCS aHAJIOro-nu(poBOE MPeoOPa30BAHNE CHUTHAIOB HEIIOCPEICTBEHHO B MECTE MX
MOTyYCHHS U UCIIOJIb30BAHNUE IS CBS3H HAAEKHOW IMOMEXO3aIUIICHHON IU(POBOH ceTH Ha OCHOBE NMPOMBIILICH-
Horo uHTepdeiica RS-485. OcymecTBieHa MpuUBsA3Ka pe3yabTaTOB U3MEPEHUH K CHCTEME eIUHOTO BPEMEHHU C HC-
MOJIb30BaHUEM CITyTHHKOBOM cHCTEMBI T100anbpHoro nosuiuonuposanust GPS. PazpaboTrana nporpamMma aBToMaru-
4ecKoro cOopa JAaHHbIX, IPeAHA3HaYCHHAs IS TpreMa HHPOpMaIUH U3 CIeHUaTN3HPOBAaHHOTO KOHTpOJIepa Yyepe3
nocsieioBatenbHbIi mopT RS-232. Co3naHbl, IporpajynpoBaHbl U BKIIOUEHBI B padOTy SKCIIEPUMEHTAIBHOTO KOM-
TIeKca J1Ba (UIIOKCMETpa ¢ 3arepMETU3MPOBAHHON 3JIEKTPOHHON YacThio. Co31aHbl, IPOTECTUPOBAHBI U BKIIOUYEHBI
B paboOTy IMIPUEMHOT0 KOMILJIEKCa TPU AJICKTPOMETPHUYECKUX YCHINTEN Ha 0ase TBeproTesibHOro Oydep-ycnnurens
ADS549JH. MopepHH3upOBaHa METEOCTAHINA ¢ NA(POBBHIM KaHAJIOM Mepenayn MH(POpMAIiH, 00ecIIeTHBAIOIINM
MOJIHYIO0 MHTETPanuio ¢ IMPHEMHO-PETUCTPUPYIONINM KOMITIEKCOM(IATIYMKH TEMIIEPaTyphl, NaBICHNUS, BIaKHOCTH,
CKOpPOCTH BeTpa, paguanroHHOro ¢ona). B 2004 r. mpoBeneHbl HENpEpHIBHBIC CHHXPOHHBIC perucTpanun 14-ka-
HaJIbHBIM ITPUEMHBIM KOMIIEKCOM Ha 3KCIIEPUMEHTAIHHOM IIOJUTOHE 3JIEKTPHUYECKOTO TOJIS B MPHU3EMHOM CIIOE,
MarHuTHOTo 1ot (D-KOMIOHEHTHI),BapHaliii TeMIIepaTyphl, aTMOC(EPHOTO IABJICHHS, BIAXKHOCTH, PaJNalliOHHO-
ro ¢oHa, CKOPOCTH BeTpa. B mporecce perucrparnmii OCymecTBIsIach KaInOpPOBKa M TECTUPOBAHHE MPHUEMHO-pE-
THCTpUpyIoliel anmaparypbl. CHHXPOHHO ¢ paboTON MPHEMHOT0 KOMIUIEKCA Ha SKCHEPUMEHTATbHOM IOJUTOHE B
2003 r. 3amymieH HOBBIH MIPUEMHBIA KOMIUIEKC Ha Kpbllle paguokoprnyca Bal'y: snextpocratuueckuii (rokcMerp,
(dheppo3onaoBeiii MarautoMeTp (H-koMmmoneHTa), Meteoctanius. Paccrosaue Mexny komiuiekcamu 50 kM. Pabora
KOMILJIEKCa pacCuMTaHa Ha HENpephIBHBIM pexkuM. Ha oCHOBe MHOIOKaHaJIbHOTO CHHXPOHHOTO MOHHTOPHHIA B
2004 r. mosyyeHBl AKCIEPHUMEHTAIbHBIC IAHHBIE IO UYETHIPEXMECAYHBIM HEIPEPBIBHBIM peructpanusMm 14-ka-
HaJIbHBIM KOMIUIEKCOM Ha SKCHEPHMEHTAIFHOM IIOJMTOHE W TOJMYHbIC HETPEPHIBHBIC PETHCTPALUK S-KaHAIbHBIM
KoMIuiekcoM B Bnl'VY.

Pabora ocymecTenena npu nmoangepxke Poccuiickoro ¢poHIa pyHIaMEHTAIBHBIX UCCIIEIOBaHMA: TpaHTl POOU
Ne 01-05-64652, Ne 04-05-64895.

During the field investigations in 2004 a digital recording system was introduced in a full volume in the multi-
plex receiving system for the first time in order to collect and to record the experimental data. The distinctive fea-
tures of the system are an analog-digital conversation of the signals spontaneously in the place of receiving them and
using a hopeful electronic anticounter digital system for a connection of the base of the industrial interface RS-485.
The result of measurements were tied to the common timing system using the GPS global positioning satellite sys-
tem. The automatic gathering program was elaborated intended for receiving of the information from the specialized
controller through the consequent port RS-232. Three electromagnetic amplifiers on the base of buffer amplifier
AD5491H were made, tested and included in the work of the receiving system. A meteorological watch office was
modernized with a digital data transmission channel providing full integration with the receiving and recording system
(temperature, pressure, humidity, wind speed, radiation background sensors). Two fluxmeters with a pressurized elec-
tronic part were made, calibrated and included in the work of the experimental system. Continuous synchronous re-
cording of the magnetic field (D components), temperature variations, atmospheric pressure, humidity, radiation back-
ground, wind speed was done with 14-channel receiving system on the experimental ground of the electromagnetic
field in the surface lower layer. During the process of the recording the receiving and recording equipment was cali-
brated and tested. In 2004 a new receiving system: an electrostatic fluxmeter, a ferroprobe magnetometer (of the H
component), a meteorological watch office was started on the roof of the University building synchronously with the
wor of the receiving system on the experimental ground. The distance between the systems is 50 km. The operation of
the system is estimated for the continuous regime. The experimental data according to the continuous recording for 4
months with the 14-channel system in Penkino and the continuous recording for a year with the 5-channel system in
Vladimir State University were received in 2004 on the base of the multiplex synchronous monitoring.

The work is carried out with supporting of grants RFBR N 04-05-64895, Program STP Ne209.06.01.035.
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INVESTIGATIONS OF THE INFLUENCE OF LOCAL CONDUCTIVITY IN THE ARTIFICIAL
LOWER IONOSPHERE ON DISTRIBUTION OF THE IONOSPHERE PLASMA DENSITY
AND CURRENTS

B.G. Gavrilov, D.B. Sobyanin, E.S. Khlybov

[TocTaHOBKa 3a7a4u cBs3aHa C HCCIeI0BaHUEM (P (EKTOB, KOTOPhIE MOI'YT BO3HHKATh MPU €CTECTBEHHBIX U UC-
KYCCTBEHHBIX BO3JCHCTBHSAX Ha HWXKHHUE CJIIOW MOHOC(HEPHI, TPUBOASIINX K JIOKATEHOMY M3MEHEHUIO DJICKTPOHHOM
TEMIIEPATYPHI U, KaK CICACTBUE, K U3MECHCHUIO NIPOBOJUMOCTH B CJIOSAX 3aMBIKaHUS IPOAOJIBbHBIX TOKOB. Mccaeno-
BaHME BIIMSIHMS M3MEHEHHUS NMPOBOJMMOCTH B HIDKHEH HOHOC(Epe Ha paclpesieieHHe INIOTHOCTH HMOHOC(EpHOH
IUIa3MBI, TOKOB M MOTOKOB 3apsDKCHHBIX YAaCTHIl IIPOBOJUTCS B MOJEIBHOM JTa0OPAaTOPHOM IKCIIEPUMEHTE B Kade-
CTBEHHOM BHJI€, NTO3BOJIIOIIEM M3y4aTh OCHOBHBIC (PM3WIECKHUE MEXAHM3MBI, OTBETCTBCHHBIC 3a CBSI3b ITHX Mapa-
MeTpoB. [ToToxn noHOC(EPHOH MITa3MBI MOJACTUPYIOTCS TeHEpanell MIOTHOH IIa3MEHHOM CTPYH, paclpoCcTpaHs-
fo1Ieiics epIeHANKYISIPHO MarHUTHOMY TOJIIO HaJl HCKYCCTBEHHOM HM)KHEH MOHOC(EpOi, B KOTOPOH 3aMBIKAIOTCS
TeHepUpyeMble TUIa3MEHHBIM OTOKOM IPOIOJIbHBIE TOKH. Haj npoBozsimield HCKyCcCTBEHHOM HIXKHEH noHOCchepoit
CO3Jaf0TCS 00JIACTH MOHM)KEHHOM MPOBOANMOCTHU Pa3IMYHBIX pa3MepoB. B aKkcliepuMeHTax BapbUPYIOTCS pa3MepHhl,
KOH(UTypanus ¥ KOJIMIECTBO 00JIacTeil aHOMaJIbHOI POBOJMMOCTH. B yacT 3KCIIepMMEHTOB BapbHpYeTCsl BHEIII-
HEe MarHUTHOE T10JI€ ¥ YHEPTHs TUIa3MEHHON CTPYH.

OKCHEepUMEHTHI MOKA3aJId, YTO BO3HHKHOBEHHME O0JIACTH ITOHIKCHHOM MPOBOAMMOCTH B HIDKHEH HOHOChepe
NPUBOAMT K MOHW)KEHHIO IUIOTHOCTH IIa3Mbl B MarHUTHOH CIIIOBOH TpyOKe, MPOHM3BIBAIOIIEH 00macTe Moaugu-
IIMPOBAaHHOW NpoBoauMocTH. Habmogaercst Take CHM)KEHHE INIOTHOCTH NpoaosbHBIX TokoB (IIT) u mimoTHOCTH
MOTOKA YCKOPEHHBIX YAaCTHII, YTO MPUBOAUT K YMEHBIICHHIO CBEUYCHHS B HI)KHEH nOHOC(epe, BHI3BAHHOIO OTOKA-
MU HOHOB U 3JICKTPOHOB. PacmpocTpaHeHue mia3sMeHHON CTPYH HaJ HOHOC(EPO ¢ IUKITMICCKH MEHSIOMICHCS TIPO-
BOJIMIMOCTBIO MPUBOJHUT K MOJYJISLIUHM XOJUIOBCKOM COCTaBJIAIONICH FOPU30HTAIBHBIX HOHOC(EPHBIX TOKOB M I'eHe-
panuy HU3KOYaCTOTHOT'O 3JIEKTPOMATHUTHOIO OJIA.

VYTeuka NMOISIPU3ALMOHHBIX 3apsA0B 4EPE3 CIOU MPOAOJBHBIX TOKOB MPHBOAMUT K YMEHBUICHUIO MOMNEPEYHOrO
snekTpudeckoro nons E, = —V(B/C), T.e. mpuBoauT K Nenonspu3aldK IUIa3MEHHOH cTpyn. B pesymprate Gamanc
CHJI, JCUCTBYIONINX HA 3apsDKEHHBIE YaCTHLBI HAPYIIAETCS, U IUIa3MEHHas CTPYsS OTKIOHSAETCS B HAIpPaBICHUU Jap-
MOPOBCKOT'O BpaIeHNSI HOHOB. D()(HEKTHBHOCTH NETIOSIPU3AINH YBEIUUUBACTCS Ha (IIaHTax CTPYH, TA€ IUIOTHOCTD
IUIa3Mbl HUKE, YEM Ha OCH CTPYH.

HccnenoBanue BIMSHUAS U3MEHEHUS JIOKAJIBHON IMPOBOJUMOCTH B LIEIIU 3aMBIKAHUS IPOJOJIbHBIX TOKOB Ha Be-
JUYMHY U KOH(UTYpaLHUIO MPOJOIBHBIX TOKOB IOKa3aJlo, YTO 00JaCTh YMEHBIIEHHOW MPOBOAUMOCTH UMEET pas-
JUYHOE BIMsHUE Ha pa3nnuHble obnactu [1T. DTo BBI3BaHO CIIOKHOM TPEXMEPHOH M3MEHSIONIECH BO BPEMEHH KOH-
(urypanuei MarHITHOTO TIOJISI, HCKQ)KEHHOTO PACIIPOCTPAHSIOIIECHCS IIa3MEHHOM CTpyeH.

Ycunenre MarHUTHOTO MOJISL IPUBOJIUT K POCTY IUIOTHOCTH IPOJOJIBHBIX TOKOB, YBEIUYEHHIO IOTOKA U SHEPTHH
YCKOPEHHBIX 3JIEKTPOHOB. B pe3ynbraTe MpONCXOAUT yCHIIEHHE CBEUYEHHS B 00JIAaCTH TOKA, BBITEKAIOIIETO U3 HOHO-
cdepsl. Habmomaeres cykeHne o0acTH CBEYCHHS B 3TOM CJIOE€ TOKA, YTO CBUJETEIBCTBYET O €ro CXKaTHH COO0-
CTBEHHBIM MarHUTHBIM IIOJIEM M JIOKAJIN3AIlUH 00JaCTH YCKOPEHHS JIEKTPOHOB.

[Tpu uccnenoBaHuM paclpesieNeHns UIOTHOCTH TUIa3Mbl HaJl 00JacThi0 MOJTU(UIMPOBAHHON MPOBOJUMOCTH
HIDKHEH noHocdepbl 00HapykeH d(GEKT «1aMsITH IIa3Mbl», KOTOPBIH BBIPAKAECTCS B TOM, YTO MOJLYJISIIIUS KOHIICH-
Tpaluy IJIa3Mbl HaOII0aeTcs B IUIA3MEHHOM IIOTOKE 3a IMpeaenamMu 00JacTH HEeMOCPEICTBEHHOTO BIUSHHS HEO-
HOPO/IHOH NMPOBOAMMOCTH HIKHEH HOHOC(EPHI.

Purpose of the work is an investigation in the laboratory model experiments phenomena, which could arise dur-
ing natural and artificial impacts to the lower ionosphere that affect on electron temperature and conductivity in the
regions of FAC closure. Investigation of influence of the lower ionosphere conductivity on distribution of currents,
particle fluxes and plasma density is carried out qualitatively, but it gives a possibility to understand the essential
physical mechanisms responsible for interdependence of this parameters. The ionospheric plasma fluxes are simu-
lated by generation of dense plasma jet perpendicular to the magnetic field above the artificial lower ionosphere. At
propagation across the magnetic field, plasma polarizes, and FAC are generated. In the model lower ionosphere
FACs close as like as in the real ionosphere. During the experiments we create the regions of reduced conductivity
in the lower ionosphere. The value of the magnetic field, plasma jet energy, and number, configuration, and size of
the regions of modified conductivity can be changed according of the task of experiment.

In the experiments we revealed that appearing of the region of reduced conductivity in the lower ionosphere
leads to depletion of plasma density in the magnetic flux tube that thread this region. We see also reduction of FACs
and accelerated particles density that results in decrease of brightness of luminosity in the lower ionosphere induced
by fluxes of accelerated ions and electrons. Propagation of the plasma jet over the ionosphere with cyclically varia-
ble conductivity results in Hall current modulation and low-frequency electromagnetic field generation.

Leakage of polarization charge throw FAC's layers result in decrease of transverse electric field Ep = - VxB/c in
the plasma flow, that is plasma jet depolarization. As a result of imbalance of forces acted on charged particles, the
jet deflects in the direction of ion Larmor gyration. Depolarization efficiency is maximum one at the flanks of the
jet, where plasma density is less than at the jet axis.
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Investigation of the influence of the lower ionosphere local conductivity modification on the FACs reveals dif-
ferent effects in different parts of FAC. It connects with very complicated 3D time depended configuration of the
magnetic field modified by propagated plasma jet.

Increase of the ambient magnetic field results in increase of FAC density, a flux and energy of the accelerated
particles. As a result one can see luminosity gain in the region of downward current. We see also narrowing of lumi-
nosity area and of region of electron acceleration in this current layer as a result of the current pinch-effect caused
by its proper magnetic field.

During investigation of distribution of plasma density above the regions of modified conductivity the effect of
"plasma memory" was revealed. It consists in conservation of the effect of plasma depletion in the plasma jet be-
yond the region of direct action of not uniform conductivity in the lower ionosphere.

METO/bI KOPPEJISIHIUOHHOI'O AHAJIN3A
A.A. Illep6akoB, A.B. Measeaes, /I.C. Kymnapes

WHcrutyt conneuno-3emuoit puznku CO PAH, UpkyTck
zaklinatel@inbox.ru

CORRELATION ANALYSES METHODS
A.A. Scherbakov, A.V. Medvedev, D.S. Kushnarev

B nocnenHue necaTuneTus mo Mepe pasBUTHS KOCMHUYECKOH TEXHHKHU BCTaJU BOMPOCHI O CBOMCTBAaX OKOJO3EM-
HOTO MPOCTPAHCTBA M O BO3MOXKHOCTH MPOBOJUTH €r0 ANArHOCTUKY pafno(hU3NIECKUMH METOAaMH. DTOT HHTEPEC
UMeINl He TOJBKO MPUKIATHOW, HO M YHCTO (yHIAMEHTANBHBIH HaydHBIA Xapaktep. B 60-X TT. mociemoBan psif
Hay4HBIX PabOT, B KOTOPBIX OblIa pa3paboTaHa TEOPHs TEPMAIBHOTO PacCesiHUs, KOTOPOE Ha3BaIN HEKOTCPEHTHBIM,
¥ METO/]| MOTy4YH Ha3BaHKE MeTozia HekorepeHTHoro paccesHust (HP). Teopus paspabateiBanachk psaoM aBTOPOB €
MIOMOIIBIO PA3IMYHBIX MPUOIMKEHUH, HO BCE OHM IPHUIILUIM K OJHUM U TEM XK€ pe3ysibTaTaM. TeopeTHiecKue BEIBO-
JIbI TIPOBEPSIINCH KaK B JTaOOPAaTOPHBIX, TAK M B HOHOC(HEPHBIX HKCIIEPUMEHTAX AJIS IIUPOKOTO JHaIla3oHa yCIOBUH,
1 ObUTO 0OHAPYKEHO, YTO OHU BCErJla COOTBETCTBOBAIIM PE3yJIbTaTaM OIBITOB.

Meton HP naer Bo3MOXHOCTh Hambolee KOMIUIEKCHOTO M3MEpPEHHS M JAUAarHOCTUKU Ha3eMHBIMH CPEACTBaMHU
napaMeTpoB MOHOC(EpHOH TIa3Mbl. B 1aHHOM MeToJie UCTIONB3YIOTCS MOIIHBIE PAaJHOJIOKATOPHI, C MOMOIIBIO KO-
TOPBIX YIAeTCs MOJIYYUTh HH(POPMAIMIO O BEPTUKAIBHOM CTPYKTYpe HOHOChEpH! U ee AuHamuke. OCHOBHAS 4acTh
U3JIy4yaeMoW pajapaMu SHEPrHU MPOXOJMUT CKBO3b HOHOC(EpY, U Ha3all BO3BpAIAETCs OYEHb CIa0bli IIyMOno100-
HBIIl CHT'HaJI, PacCesTHHBIN Ha TEIUIOBBIX (UIYKTyalusiX IUIOTHOCTH I1a3Mbl. [1o3ToMy mpu 0OpaboTKe Takux CUrHa-
JIOB MCHOJB3YIOTCS CI0XKHBIE METOJUKH, B KOTOPBIX MPUCYTCTBYET AJIUTEIBHOE CTATHCTHYECKOE HAKOIUIEHHE YHEP-
TeTHUECKUX XapaKTepUCTHK cUrHajoB. Cepre3Hyto mpobiieMy npu n3MepeHusix crekrpoB HP mpexacrasnstoT otpa-
JKEHUS OT CITyTHHUKOB M UX OOJIOMKOB, BPEMs OT BPEMEHH IIEPECEKAIONINX JHarpaMMy HaIpaBJIeHHOCTH aHTCHHBI.
Bonbmas 3HepreTHka OTpa)XXeHUH CUIBHO UCKA)KaeT HAKOIUIEHHBIN CHEKTP MOIMHOCTH U JEIaeT HEBO3MOXKHBIM €r0
00paboTKy.

Meron HP mo3BossieT omnpenenauts OOIbIIOE YHCIO MapaMeTpPoB, XOTs CHEKTP MOIIHOCTH caM Mo cebe HeceT
HHPOPMAIIHIO 00 aMIUTUTY/e CHrHAJla U HUYEro He FOBOPUT O ero (a3oBoii crpykrype. Eciu paccMoTpers Koppe-
JISIIIMOHHBIHN MOAXOA MPH MOMOIIH KBaJpaTyPHBIX COCTaBIAIONINX CUTHANIA, TO HAM yIacTcs, KpOMe BCETO, UCCIIe10-
BaTh €0 (a3oBYyIO CTPYKTYPY.

B HacTrosiniee BpeMs BBOAUTCS B IEUCTBUE HOBBIM KOMILIEKC, CYIIECTBEHHO PACIIUPSAIONINI BO3MOXKHOCTH pajia-
pa HP. C nomoursio JaHHOTO KOMIUIEKCa U METOa KOPPEIILMOHHOTO aHanu3a curaaioB HP MoxxHO mosryuuts 00-
Jiee TIOJIHBIE JJaHHBIE O COCTOSHMM MOHOC(EpHO! Mia3Mbl 0e3 OONBIINX BBIYMCIMTENBHBIX 3aTpaT. Llenpio paboTsl
ABJISIETCS Pa3padOTKa MPOTrpaMMHOT0 00ecIeueHus Il KOPPeSIIMOHHON 00paboTKu naHHBIX paaapa HP.

B noxnane mpoBoanTcs aHanu3 AaHHBIX panapa HP u paccmatpuBarorcst cBoiicTBa (a3l aBTOKOPPEISIIIMOHHOMN
¢ynkiun. [Ipu anannse ¢asbl MBI MOXKEM IOJIYYUTh TPH HE3aBHCHUMBIX IIEPEMEHHBIX, XapaKTePH3YIOIUX IOBEIe-
HHE paccenBaTesell Cpesibl, KOTOphIe MOXKHO CBS3aTh C (PM3MYECKUMH ITapameTpamu cpezbl. ONMICHIBAIOTCS METO/IbI
MO UCKIIIOYEHUIO BJIMSHUS KOCMHUYECKUX LIYMOB U IIYMOB, BBI3BIBAEMBIX CIIyTHHKAaMU, IIONAJAOIMMK B AUarpaM-
My HallpaBJICHHOCTH pazaapa HP.

In the last decennial events, in connection with development of the cosmic technology have got up the questions
about ionosphere characteristic and about possibility to conduct its diagnostics by methods of radio physics. This
interest had not only applied, but also purely fundamental scientific nature. In 60th years was published the some of
the scientific work, in which was designed theory thermal dissipations, which have named incoherent, and method
has got the name of the method incoherent dissipations. Theory was developed by some authors by means of differ-
ent approach, but all of these came to one and same result. Theoretical findings were checked both in laboratory, and
in ionosphere experiment for broad range of the conditions, and was discovered that they always corresponded to
result an experience

The incoherent dissipation method enables the most complex measurement and diagnostic of ionosphere plasma
parameters by overland facility. In given method are used powerful radars, by means of which we can get infor-
mation about vertical structure of the ionosphere and its dynamic. The main part of energy radiated by radar NR
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passes through ionosphere, and back returns very weak noise-like signal, diffused on heat fluctuation of density of
the plasma. So when processing such signal are used complex methods, in which is present the long statistical ac-
cumulation of the energy features of signal. The serious problem at measurement of incoherent dissipation spectrum
present the reflections from satellite and their debris, which crossing directivity diagram of antenna. Big energy of
the reflections powerfully distorts the accumulated power spectrum and does the impaossible its processing.

The Incoherent Method allows to define the large number a parameter, though spectrum of power itself carries
information about amplitude of the signal and nothing do not speak about signal phase structure. If consider the cor-
relation approach with using squaring forms of signal, that we shall manage except the whole research its phase
structure.

New complex, which is entered in action at present time, greatly increasing possibility of the incoherent radar.
By means of given complex and correlation analysis method of NR signal it is possible to get the more flexible data
about condition of ionospheric plasma without greater computing processing. The purpose of the work is a devel-
opment of the software of correlation processing of incoherent radar data.

In report is conducted analysis of incoherent radar data and characteristic of the phase of autocorrelation function
are considered. At analysis of the phase we can get three independent variable, characterizing environment scatters
behavior, which is possible to connect with physical parameter of the ionosphere. The methods of exception of the in-
fluence cosmic noise and noise, caused satellite, falling into diagram of the directivities of the radar NR, are described.



