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ITomyduenHBIe Pe3yNbTATHl XOPOIIO COTJIACYIOTCS ¢ pe3yiabTaTamMu pabotel [3]. Ilo maHHBEIM
pEryJsIpHBIX HAONIOACHUI 32 XapaKTePUCTHKAMHU JIBKCHUS KOCMHUYECKUX OOBEKTOB HA3eMHBIMU
PaAMOTEXHUYECKUMH KOMIUICKCAMH, BXOAAINIUMH B CHCTEMY BO3AYIIHO-KOCMHYECKOW OOOPOHBI
Cesepnoii Amepuxu (NORAD).

Bb110 BBISBICHO, YTO 32 JBE HEJCNU JO 3eMIICTPSICEHUI HApacTaloT BapUaIlMd TOPMOMXKCHHUS
HU3K0OpOUTAIbHBIX KA, a 3a 3-6 CyTOK JI0 CHIIBHBIX KOPOBBIX 3eMJICTPSICEHUI C SMUICHTPAMHU Ha CYIIe
TOpMOKEeHHE HU3KoopOuTanbHbIX KA B BepxHeill armocdepe ycunusaercs [3]. Hammuue stux a¢pdexros
W BBUIBICHHBIX aHOMAaJIMid IO JaHHBIM akcenepomerpa «KakTyc» TOATBepKIaeT THUIOTE3Y O
BO3MYILICHUSIX HEWUTPATbHOW KOMITIOHEHTHI B OKOJIO3€MHOM KOCMHYECKOM MPOCTPAHCTBE MeEpe
CHJIBHBIMH 3eMJICTPSICEHUSIMH.

Takum o0Opa3oMm, B pesyinbTare OOpabOTKM [aHHBIX O MHKPOYCKOPEHHSIX ¢ OOpTOBOrO
akcesepomerpa «KakTyc» BepBble BBISIBICHO:

1. IoBbIIeHHAsI TUIOTHOCTH BEpXHEH aTMocdepsl Hal CeHCMOONAacHBIM PETHOHOM 3a 1-6 CyTOK
JI0 CUJIBHOTO TEKTOHUYECKOTO 3€MIIETPSICEHNUS;

2. B nepBeIe CyTKH IOCIIE 3eMJIETPSICEHUS! IPOSIBIISIETCS] BCIUIECK 3HAYEHUM CpeqHel INIOTHOCTH U
ee IUCIIEPCUH.

3. Bapuanun mioTHOCTH atMocdepbl HaJl CeHCMOOMAacHBIM PErHOHOM 4Yepe3 IBOE CYTOK MOCIe
3eMJICTPSICEHUSI PE3KO YMEHBILIAIOTCH.

ABTopHbI Omaromapas! mpodeccopam Jlumeposckomy B.A. 1 Bonkosy W.U. 3a mone3Hpie coBETH
1 BHUMAHUC K ITOJIYYCHHBIM PE3YyJIbTaTaM.
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Pazeusaemcs MHO202CUOKOCHASL MAZHUMOLUOPOOUHAMUYECKAS MEeOPUsi KOHBEPCUU AKYCMUKO-
2PABUMAYUOHHBIX GONIH 8  JNEKMPOMACHUMHbBIE C  YYemoOM WUPOMHLIX Npoguiel  Nia3MeHHbIX
napamempos u 91eKmpoOMASHUMHbIX nojell 6 ammocgepe U uoHocghepe u ¢ Y4emom KOHEYHOU
anexmponpogoonocmu.  Coenan 661600, umo Ha  evicomax E-obonacmu  uonocghepvr  Hao
CetuCMOaKMUBHbLIMU pecuoHamu AnvbeeHosckue 60aHbl U 8oanbl Dapneii-BynemMano8ckoeo muna mo2ym
6030)21c0AMbCSL 34 HECKOILKO OHell 00 CUTbHBIX 3eMeMPsCeHUl.

Introduction. In some of the models of lithosphere-atmosphere-ionosphere coupling before earthquakes
it is assumed that atmospheric acoustic and acoustic-gravity waves are generated several days before
earthquakes in earthquake

preparation zones and propagate from the Earth's surface through the atmosphere up to ionospheric
altitudes [1, 2]. There, due to collisions between the neutral and charged particles, disturbances of the
charged particle densities are possible. In the ionospheric E-layer, atmospheric acoustic and acoustic-
gravity waves
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especially interact with sporadic layers and cause nonlinear current systems. Investigating the
interaction of infrasound waves of seismic origin with sporadic layers is was already found that
observable by ground-based radar stations waves of the Farley-Buneman type may be excited [3, 4].
Besides, in [5] it was concluded, that at E-region altitudes the conversion of sound waves into Alfven
waves is possible.

But the theoretical description of the wave conversion in a stratified magnetized plasma has yet to
be further developed. Solutions for acoustic waves are well-described for non-magnetic systems using
one-fluid magnetohydrodynamics, and studying electromagnetic waves one usually neglects the
stratification of the medium and the finite electrical conductivity values [5, 6], or the collisions between
neutral and charged particles [7]. Thus, in the present paper some steps are made to consider within the
frame of multi-fluid magnetohydrodynamics altitudinal profiles of particle velocities and electromagnetic
fields.

Excitation of electromagnetic waves by acoustic-gravity ones

In the present magnetohydrodynamic model, the conversion of acoustic-gravity waves into
electromagnetic ones is described starting with the continuity equations of the charged (a=e - electron,
b=i- ion), and neutral (a=n) particles,

0
nta + V(nazja) =0 1)
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Uy, My, @y, and P, describe the velocities, masses, cyclotron frequencies, and tensors of the partial

pressure of the particles of type a, respectively. my, =mgmy /(Mg +mp ),and v, are the

frequencies of the collisions between particles of kinds a and b. b presents charged and neutral particles
too.
Besides, the Maxwell equations are taken into account,

rotB(F,t) = 4, ] (F.t) = 4,0, (65, — 55,) )
- OB(Tt)
rotE(r,t) = . (5)
divB(r,t) =0 (6)
divE(F,t) = Je(n,—n) (7)
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Under equilibrium conditions, when all particle velocities equal zero, one obtains for the momentum
balance
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describes the altitudinal-dependent scale height of the Earth's atmosphere and ionosphere. For simplicity,
in this paper developing an analytical limiting theory, will be further considered to be constant. This
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approximation corresponds to an isothermal atmosphere. Future numerical calculations will be performed
for altitudinal dependent scale heights.

Next, it is supposed that the plasma system is perturbed by an acoustic-gravity wave, expressed by oy, . In
such a case, also the partial pressures and densities of the plasma particles as well as the electromagnetic
field show deviations from the equilibrium values,

Dy = 004, Ng =Ngg+ Ny, Pa = Pag + Ma, E=Eg+E.B=Bg+3B. (10)
The index "0" designates the unperturbed values of the parameters. In the following it is assumed, that the
unperturbed magnetic induction is uniform and directed along the z-axis. Viscosity effects are neglected.

On substituting the expressions (10) into egs. (1-3), and retaining only terms of first order in the
perturbations, one arrives at the following equations:

ag% +V(nad0, ) =0, (1)
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From the Maxwell equations follows for the electromagnetic field of the plasma disturbances
- 0B
rotE = —ﬁ, (14)
ot
.= (e
divE = —=(dnh —oNn;), (15)
€0
rotB = {10d] = HoNele (S0, — 60; ), (16)
divB = 0. (17)

Usually, to obtain the relations for the waves excited in the non-stratified plasma, one introduces the
Fourier transformation of the plasma parameters and of the electromagnetic field. But, since the plasma
pressure and density show an exponential decrease with the altitude, solving the system of equations (11-
17), for the plasma and electromagnetic field parameters here the following expressions are assumed:

ong = dNgg exp{— % +ikF - ia)t} , (18)
oPa = Mao exp{—%ﬂl??—iwt}, (19)
50, = 50,0 exp{% +ikr - ia)t} , (20)
JE = o, exp{iﬂﬁf—iaﬁ}, @1)

Substituting in the continuity and momentum equations (11-12) as well as in the equation of state (13) the
relations (18-21), one finds in the case of an isothermal system with H=const (., = q,B,/mj,)

. . 1 , .
—iwongg +(ik, —ﬁ)nao&)am +ikyNa00La0x +iKyNaoLagy =0, (22)

. ik
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The system of equations (14-17, 16-22) describes the conversion of acoustic-gravity/infrasound waves,
propagating into the Earth's atmosphere and ionosphere, into electromagnetic waves, especially into
Farley-Buneman [3, 4] and Alfven ones [5]. It is found, that the conversion is possible when the

frequency of the acoustic wave is larger than the cut-off frequency (2 =cg/2H so that the waves

penetrate into the E-layer [3-5]. The growth rate of Farley-Buneman waves is determined by the collision
frequencies of the charged particles with the neutral ones. In [3, 4], considering acoustic waves with
frequencies of 5x10°-20 Hz and neglecting viscosity effects, the waves were found to be caused by the -
y components of the electron velocities. It was obtained, that there exist always three waves of Farley-
Buneman type, one possesses a growing amplitude, and the other two waves are damped. The non-
damped wave has, in the E-layer, wave numbers of the order of 1-70 m™. One could note that a few
aspects of action on the ionosphere of acoustic and acoustic-gravity waves were analyzed in papers [8, 9].

Conclusions.

1. First steps are performed to describe the conversion of acoustic waves generated by earthquake
precursors into electromagnetic ones of the stratified atmosphere of the Earth using many-fluid
magnetohydrodynamics.

2. One may conclude that in the E-region of the ionosphere Alfven waves and waves of the Farley-
Buneman type are generated in seismo-active regions a few days before earthquakes.

3. Thus, acoustic-gravity waves may influence the diffusion of sporadic E-layers at distances of about
1000-1200 km from the wave generation region.

4. Additional Joule heating caused by the acoustic-gravity waves - and the corresponding increased
intensities of the vertical atmospheric currents - result also in modifications of the charged particle
densities of the ionosphere. Thus, changes of the characteristic frequencies foE and foF2 may be obtained
[10].
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GENERATION OF ELECTRIC FIELD AND INFRARED RADIATION IN THE
TROPOSPHERE BEFORE EARTHQUAKES
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Some years ago, a model of the generation of local electric fields in the atmosphere a few days
before earthquakes and up to a few days after the seismic shock was proposed. The process of of the
electric fields generation occurs due to increased ionization in the atmosphere at the presence of
aerosols. The electric field arises because the larger aerosols which are mainly negatively charged fall
down with a larger velocity than the smaller, mainly positively charged aerosols. The ionization in such
atmospheric regions is caused by radon, the concentration of which increases in earthquake preparation
regions. The formation of mosaic-/ikely distributed regions of electric fields with intensities of 3-10%-- 10°
V/m, and on the other hand, large areas with increased electrical conductivity should cause a series of
physical effects which may be studied using earth-based, atmospheric and satellite observations.

The theoretical analysis of the possible infrared emission spectra showed, that the most important
spectral bands, from which information is obtained on electric fields in the night-time ionosphere, possess
wavelengths in the interval between 7.0 um and 17.0 um. A hypothesis is proposed according to which
the infrared emissions are not only connected with the electron acceleration, but also with the heating of
the light ions in the electric field.

1. PaGoTel B HampaBJIeHWW TIOMCKAa MPOTHO3a 3EMIIETPACEHWH Ha OCHOBE TPaJUIMOHHBIX
CEMCMONIOTMUECKMX METOJIOB BeayTcs yxke okono 150 sjer. Cumtaercsi, 4To B MpPHUHIMIE TpodieMa
JIOJITOCPOYHOTI'0 TIPOTHO3a perieHa. [IpodiieMa ke onepaTUBHOTO MPOTHO3a 3eMIICTPSICEHUH 338 HECKOJIBKO
JIECSITKOB YacOB JIO COOBITHS ObIIa M OCTaeTcs OAHON W3 HEpemIeHHBIX MpoOieM. 3aMeThM, 4TO s
YCIEIIHOTO OINEPaTHBHOIO IMPOrHO3a HEOOXOAMMbI HE TOJIBKO CEWCMOJIOTHYECKHE HCCICIOBaHUS, a
BCECTOPOHHEE HUCCIIC0BaHUE (DU3UKH 3eMIICTPSICEHUH M KOMILUIEKCA PA3JIMYHBIX SIBJICHUH, CBI3aHHBIX C
MOJITOTOBKOM 3eMIJIETPSICEHHS, B YACTHOCTH, BapUaIlMii KBa3UCTAIIMOHAPHOTO 3JIEKTPHUECKOTO IO,
BCITBIIIIEK CBETA M JPYTUX CBETOBBIX SBIICHUI B aTMocdepe. DTH SBICHHUS HEOTHOKPATHO HAOIOJAINCH B
HOYHBIX YCIJIOBUSIX TEpell CHIbHBIMU Pa3pylIUTeIbHbIMU 3emMiieTpsiceHusamu [1, 2, 3]. Oanako xopoio
HaOIOJaeMble HEBOOPY)KEHHBIM TJ1a30M CBETOBBIE SIBJICHHS TI€pel 3EMIICTPACEHUSMHU OBIBAIOT
JOCTATOYHO PEJIKO — MPH Maruutymax M>6 B 5% ciydaes [4]. JIBaanarh JeT Ha3a1 MPH MCCIICTOBAHUN
CO CIIyTHUKOB YXOJSIIEr0 PaBHOBECHOIO MH(paKpacHOro u3iyueHus Hajg CpeHea3suaTCKUM PErnOHOM
Ha OCHOBE aHaJIM3a €KECYTOUYHBIX HOYHBIX KOCMUYECKHUX TEIUIOBBIX CHUMKOB B Auamna3zone 10,5-11,3 mxm
B IEPUOJIBI MOJTOTOBKU 3€MIJIETPSACEHHUI BIEpBbIe ObLIM OOHApyXeHbl aHoMayiuu [5]. AHalOrHYHbIC
HaOJII0/ICHMsI ObUTH U B MOCJEAHME oIl [6]. OHAKO JUIs PEIICHUs TPOOJIEMBI MPOTHO3a 3EMIICTPSICEHUIH
HHTEPECHO MCCIIEJ0BATh CIEKTPhl HHYPAKPACHOTO HEPABHOBECHOI'0 U3/ TyUCHHUS.

O6nact woHu3auu B arMmocepe Haja 007acTbl0 TMOATOTOBKHU 3EMIIETPSCEHUN MOMXKHO
JUArHOCTHPOBATh TAKXKE TPU TIOMOIIM PaJNOIOKAIIUH, aHATU3UpYst oMexH [7, 8]. Bompoc o ToM, kakue
(bu3MYeCKUEe MEXaHNW3MbI IPUBOIST K CBEUCHHUIO B aTMOC(epe Mmepel 3eMIICTPSICEHUSIMHU, SBJISICTCS OYEHb
HEMPOCTBIM W paccMmarpuBaiics B pabore [9], mpH 3TOM NPHBICKATOCH HECKOJIBKO THIOTE3, CM.
Hanpumep, [1]. B OOJBMIMHCTBE THIOTE3 MPEANOIATAIOCh, YTO MNPUYHHON CBCUCHHS SBIISCTCS
aHOMAJIPHOE DIICKTPUUIECKOE TIOJIE.

Mopens TeHepanud KBa3HOAHOPOIHOTO KPYIMTHOMACIITAOHOTO aHOMAaJIbHOTO 3JIEKTPUIECKOTO
HoJIs B PU3eMHOU aTMocdepe mepes 3eMIISTPSICEHUAMH pa3BuBaiach B padorax [10, 11, 12, 13]. DOra



