
Èçâ.Êðûìñêîé Àñòðî�èç.Îáñ. 99, 143�151 (2003) ÈÇÂÅÑÒÈßÊ�ÛÌÑÊÎÉÀÑÒ�ÎÔÈÇÈ×ÅÑÊÎÉÎÁÑÅ�ÂÀÒÎ�ÈÈÓÄÊ 550.380On the pratiability of VLF ionosphere sounding in theseismo-ative regions on the basis of RNSV. FidelisCrimean Astrophysial Observatory, 98409, Ukraine, Crimea, NauhniyÏîñòóïèëà â ðåäàêöèþ 3 èþëÿ 2003 ã.Àííîòàöèÿ. Î �ÅÀËÜÍÎÑÒÈ ÑÄÂ-ÌÎÍÈÒÎ�ÈÍ�À ÈÎÍÎÑÔÅ�Û Â ÑÅÉÑÍÎÀÊÒÈÂÍÛÕ�Å�ÈÎÍÀÕ ÍÀ ÎÑÍÎÂÅ �ÀÄÈÎÍÀÂÈ�ÀÖÈÎÍÍÛÕ ÑÈÑÒÅÌ. Àíàëèçèðóþòñÿ ìåòîäîëîãè-÷åñêèå îñîáåííîñòè èçó÷åíèÿ ëèòîñ�åðíî-èîíîñ�åðíûõ ñâÿçåé â ñåéñìîàêòèâíûõ ðåãèîíàõ ïîñðåä-ñòâîì ìîíèòîðèíãà èîíîñ�åðû íà ñâåðõäëèííûõ âîëíàõ (ÑÄÂ) íà áàçå ñóùåñòâóþùèõ ðàäèîíà-âèãàöèîííûõ ñèñòåì. Ñèñòåìàòèçèðîâàí ðàäèîâîëíîâîé ìåòîä çîíäèðîâàíèÿ èîíîñ�åðû è âíåñåíûïðåäëîæåíèÿ â åãî ìåòîäîëîãèþ. �àññìîòðåíû îñîáåííîñòè ÑÄÂ-ìîíèòîðèíãà â çîíå ðàçëîìîâ èåãî ñî÷åòàíèå ñ ìàãíèòîòåëëóðè÷åñêèì çîíäèðîâàíèåì. Ïðåäëîæåíî îñóùåñòâèòü ÑÄÂ-ìîíèòîðèíãñåéñìè÷åñêîé àêòèâíîñòè Ñåâåðî-çàïàäíîé ÷àñòè Êàâêàçà è Þæíîãî Êðûìà íà �èêñèðîâàííûõ÷àñòîòå è òðàññå.ON THE PRACTICABILITY OF VLF IONOSPHERE SOUNDING IN THE SEISMO-ACTIVEREGIONS ON THE BASIS OF RNS, by V. Fidelis. The methodologial peuliarities of lithosphere-ionosphere oupling study in seismoative regions by means of VLF (Very Low Frequeny) ionospheresounding on the basis of existing radionavigation systems (RNS) are analyzed. The radio-wavemethod hasbeen systemized and the suggestions to its methodology are maid. The peuliarities of VLF monitoring inthe fault zones and its ombination with magnetotelluri sounding are onsidered. It is suggested to arryout VLF monitoring of seismi ativity of North-West Cauasus and South Crimea on settled frequenyand route.Keywords: VLF, ionosphere � sounding, earthquakes � preursors � prognosis1 IntrodutionThe long statistial study in the last years has proven some abnormal VLF signal variations related toseismi ativity. This stipulates the study of ionosphere-lithosphere oupling proesses in seismoativeregions by means of VLF ionosphere traking on the basis of existing radionavigation systems (RNS).Amongst a few seismoionospheri preursors this new one is seems to be very pratiable in seismoativeregions whih lying lose to irle onneting RNS transmitter and VLF reeiver.The VLF earthquake (EQ) prognosis may be developed in two main diretions:� observation of hanges in homogeneous ionosphere struture;� registration of appearane of loalized ionospheri irregularities during the earthquake preparingstage.



144 V. FidelisThese two diretions may be taken as basis for searhing for short � time VLF subionospheri prog-nostis in areas whih likely to be struk by major tremors. VLF preursors inevitably are assoiatedwith Earth-ionosphere waveguide (EIW) property and, mainly, with re�eting heights in this frequenyband. Experimental diagnosis of VLF preursors as a rule onluded in deteting of amplitude and phaseof reeived VLF signal and their quanlitative analysis.It is desired to quantify the earthquake signature by means of broadening of deteting VLF signalparameters and therefore to improve the experimental prognosis of future earthquakes.The methodology of VLF signal reeption may di�er for short and long distanes. In �rst ase thedetermining propagating fator may be ground wave, in the seond one many times repeated radiowaverepulsing from interfae boundary may ause the multimode propagation and interferene. Reent seismievents have demonstrated that faults exert seismi e�ets beyond the usual. They may store a largeamount of potential energy, whih may be realized in rupturing events. Two-dimensional struture offault ondutivity and on�its on boundaries of moving bloks may generate low-frequeny emissionswhih phenomena may be found in ionosphere by VLF signal traking.Seismoionospheri preursors bear information about the lithosphere hanges preeding an earthquakeand are displaying, in main, as ionosphere re�eting heights variations, their ritial frequeny deviationsand eletron density hanges.Measurements of the ionosphere disturbanes are routinely taken by satellites and analyzed for earth-quake preursors. Survey of anomalous e�ets in the real helio-geophysial environment is a di�ult tuskand its statistial analysis has many partiularities.Satellite data interpretations were summarized in (Larkina, 1998) as wave's �eld intensity hanges infrequeny range from parts of Hz to tens of kHz before a few hours of earthquake, a powerful partilesarising, plasma's density and temperature hanges before a main shok.The registered eletromagneti e�ets have reently aquired some theoretial basis. In quiet geomag-neti periods in the ionosphere some relative equilibrium between energeti eletrons and low-frequenyemissions has beome settled.A nonlinear oupling with Alfven waves, generated by seismoeletri transformation in the earth-quake's preparing zone exited low-frequeny emissions in the upper ionosphere and the magnetosphere.Forthoming earthquakes ause irregularities not only in the regular ionospheri struture, but alsoin its irregular features (E� and F� spreading, Es appearane, anomalous traes like strati�ation, et.)(Ruzhin and Depueva, 1996).A thorough quantitative estimation of penetration harateristis from an underground seismi soureinto the atmosphere, ionosphere and magnetosphere was represented in (Molhanov et al., 1995).Beause of dissipation in the medium the alulations were made in the ULF range. It was shown thatintensities of eletromagneti �elds on the ground surfae and in the ionosphere are drastially dependon the on�guration of soure, its type, polarization, dimension and depth. Only TE wave indued by theazimuthal magneti type soure an really penetrate into the ionosphere, the penetration of TM moderadiation is on�ned in the Earth - ionosphere waveguide.The transmitted ULF energy into spae plasma onverted into obliquely propagated dissipated magne-tosoundi and Alfven modes, the �rst is spreading in the upper ionosphere and the seond an propagateinto the magnetosphere. As a result of nonlinear Alfven wave onversion in the ionosphere may arise VLFseismogeni emissions.In Tian and Hata, (1996) were analyzed on the inland and trenh earthquake types the e�ets of ELFradiation from a randomly distributed disharging dipole soures near the Earth's surfae. The estimatedmagneti �eld's strength is orresponded to observed one in Ito ity of the 1995 swarm.Due to evolution of seismo-geophysial events in the lithosphere, earth's rust and on the earth'ssurfae in the ionosphere arise disturbanes whih may e�et the radiowaves propagation onditionsand hange the phase and amplitude of navigational signals propagating inside the Earth-ionospherewaveguide.The partiularities of VLF radiowave propagation along the traes rossing the seismoative regionswere disussed in Gufeld et al., (1992), Reutov and Marenko (1995).



On the pratiability of VLF ionosphere sounding... 145In Haykawa et al., (1996) was used VLF signal method by whih were measured the propagationharateristis. They found abnormal behavior (espeially of phase) a few days before the main shok ofthe 1995 Hyogo-ken Nanby earthquake. By omputer simulation was suggested that observed e�et anbe explained by dereasing in the VLF re�etion height. This dereasing was related to either inrease inthe referene atmosphere ondutivity or an inrease in the density of harged partiles.So that the theoretial and numerial analysis of seismoeletromagneti (SEM) emissions demonstratesthe relevane of the study of the ionosphere property variations and the possibility of gaining an insightinto the nature of SEM preursors using ground-based measurement tehniques.The VLF monitoring of geophysial media above the extended regions is far aessible for registrationfrom ground based RNS and is of great interest in omparison with satellite one beause of its integralharater.The purpose of the present paper is to systematize the priniples of radiowave method, the varietyof observable parameters and suggestions for extension the number of preursor types and thereby toimprovement of VLF radiowave methodology.2 Ground wave propagation mehanismThe study of ground wave propagation mehanism may give the piture of the surfae impedane hangesrelated to seismi ativity, whih are onneted with eletrial resistivity hanges. Registration of Earth'srust eletrial resistivity hanges have been suessfully used for earthquake predition in periods of hoursand weeks prior to event (Peddel and Freeman, 1997). The loal resistivity hange an be assoiated withstrain in the medium, the large hanges relate to observation in the earthquake foal region.The surfae measurements of eletrial resistivity are made using arti�ial eletri urrent soures orhighly sensitive variometers.The polarized harateristis of VLF ground wave are onditioned by appearane of inhomogeneousondutivity on the Earh's surfae before an earthquake due to stress inreasing in homogeneous media.The mehanisms generally invoked in eletromagneti emissions are: diret wave generation by roksompression near the foal point and the raking of surfae rustal layers in the earthquake's preparingzone, redistribution of eletri harges, piezoeletri e�et and others.Earth's inhomogeneous ondutivity may e�et both subionospheri and ground wave propagation(Soloviev, 1997). Daily variations of telluri �eld before an earthquake supposedly aused by periodihanges of resistane of mountain roks during the earthquake's preparing stage in the dilatable zonewere found by Meyer and Teisseyer (1989). During observation of magneti and telluri �elds variationson the pro�le, direted perpendiular to Big Cauasus Mountains axis were registered unorrelated withmagneti �eld short-periodi variations of telluri �eld, quantitatively pro rata the number of registeredearthquakes (Tro�mov, 1994).Separation of seismoeletri events in the telluri variations performed visually on absene at momentof their appearane the analogous variations in magneti �elds that eliminate their assoiation with �eldof ionospheri origin.The onept of surfae impedane is ommonly used in studies dealing with ground wave propagation.For haraterizing Earth's surfae eletrial inhomogeneities the relative impedane funtion of spatialvariables may be introdued as:�(x; y; z; t) = Z 0=Zo = �1 �Q(x; y; z; t);where surfae impedane Z 0 = Ex=Hy at z=0, Zo = 120�
, �1 � relative surfae impedane for upperlayer, Q � the funtion of eletrial parameters. Note that Z 0 is a omplex parameter.The polarized harateristis of ground wave are onditioned by this surfae impedane whih hangesbefore the earthquake due to inreasing of atmosphere ondutivity and ionosphere modes are dependingon frequeny properties of EIW.In the trenh type rust, partiularly in the peninsula and island sites, the appearane of eletriurrents before the earthquake may be ompliated by shore e�et and sea water shunting. In the air the



146 V. Fidelisvertial eletri �eld E1z invariably greater than horizontal one, E1x, as muh as [�2 +(60��)2℄1=4 times,where � is dieletri permittivity, � � eletri ondutivity, and � � wavelength.For � = 30 km, � = 4S � m�1, � = 20; E1z = 2700E1x in the air and E2x = 2700E2z in the sea(Fidelis, 1999a). So that the VLF signals in air, as rule, are reeiving on vertial antenna and in the sea� on horizontal one. In the oil antenna, whih detets magneti omponent in the air and sea induedsignals have the same amplitude.The simultaneous deteting of eletri �eld omponents E2x, on sea shelf and E1z in boreholes onseashore may improve signal/noise ratio thanks to oean �ltering and give information related to preparingphenomena of trenh type earthquakes.3 The multimode ionospheri propagationDue the eletrial �eld hanges in the earth's rust the eletromagneti energy penetrates in the nearbyspae and ause the rise and deline of ionospheri layers heights. This proess aompanied by dereasingof eletron density in its maximum (Larkina, 1998). Also there are e�ets of formation of sporadi layersin the ionosphere on spae sale of hundreds of kilometers, intensi�ation of ionospheri plasma vortiityinterpreted as result of parametri �utuation exitation between the upper hybrid resonane and ritiallayers and emergene of ionospheri inhomogeneities with spae sale up to thousand kilometers.The VLF signals propagating in the waveguide Earth � ionosphere are re�eting from the ionosphereand in the reeption plae have the interfering harater and are onsisting of ground wave and a numberof re�eted from ionosphere modes. In the ase of loalized or extended ionospheri irregularities theire�ets may be haraterized in the perturbation of ionosphere modes and dominant ground wave withinan inhomogeneous area.The parameters of ionosphere modes are depending from frequeny properties of EIW.The ionospheri layers with low density have high sensitivity to EM �eld distortion. For example, themidlatitude ionospheri E-layers are haraterized by high onentration of metalli ion layers and aredistinguished by the high orrelation of Hall and Pedersen ondutivities. Moreover, the sporadi E-layersmay have the eletron densities, as muh as two orders higher than bakground (Woodman et al., 1991).The eletri inhomogeneities in the sporadi Å-layers have su�iently long time of existene (the �rst tensof minutes) beause the boundary layers with zero ondutivity prevent the shorting of eletri urrentswhih appear in the ionized plasma. The polarization proesses in the sporadi Å-layers may our andin the periods of quiet geomagneti onditions.The gravitational waves in the ionosphere model may play the role as inhomogeneity generator in theÅ-layer in the form of metalli ions spots (Tsumodo et al., 1994).The VLF signals, propagating in the waveguide Earth � ionosphere are re�eting from the ionosphereand in the reeption plae have the interfering harater and onsist of ground wave and a numberof re�eted from ionosphere modes. In the ase of loalized or extended ionosphere irregularities theire�ets may be haraterized in the perturbation of ionospheri modes and dominant ground wave withinan inhomogeneous area.The phase variations of interfering signals diretly onneted with the hanges of ionosphere re�etinglayers heights. Observed on �xed distane VLF signal parameters mainly depends on the D-layer eletrondensity pro�le (Haykawa et al., 1996).In average, in the VLF band under the �utuations in the ionosphere the �eld's variations are orderof 10 � 30 %, the variation time varies from tens minutes to hours. These parameters may be detetableabove the bakground.In the Omega reeiver is derived the radionavigation parameter � the additional phase of VLF signalde�ned as (Kinkulyikin et al., 1979): ' = �argV;where V is the omplex o-ordinate funtion, named as the attenuation fator.



On the pratiability of VLF ionosphere sounding... 147Under VLF propagation above the high mountain range there emerge the seond and higher propagat-ing modes. So that the additional phases of �rst and next modes may be used as ionosphere informativeparameters.Under the multimode propagation the variation of additional phase has the interfering harater,whih desribes the eletri properties of ionosphere.For signal, onsisting from two spetral omponents, the hange of additional phase of �rst mode,aused by the interferene with seond one may be de�ned as:�'add = argtg[ sin'=(1 +  os')℄;where  = jE(2)z j=jE(1)z j � amplitude relation of two signal modes, ' = argE(2)z �argE(1)z � phase di�ereneof �rst and seond modes in the reeption plae.There are the great number of natural fators interfering on the VLF signal, propagating in the spheri-al EIW (Arsenin, 1976; Remenets, 1972). But upon onstant base the subjet of analysis is omparativelyrare variation of additional phase, onditioned by the sudden ionosphere distortions. The ionosphere dis-tortions are �ltered from magnetotelluri ones and exposed to statistis those ones whih orrelated withthe anomalous hanges of natural EM �eld in the earthquake's preparing period.Beause of sudden ionosphere perturbations arise an additional errors, whih may estimated as (Burgesand Walker, 1970): � = M(t=�s)exp[�(1� �s)2=2℄;whereM and �s are parameters whih haraterize hanges of additional phase owing to sudden ionospheredisturbanes.4 Combination of VLF traking with other instrumental methodsThe monitoring of anomalous Earth's EM �eld variations by ative VLF signal traking may be ombinedwith deteting of passive EQ preursors and traditional seismosurvey methods.Compilated both ground passive EM and ative VLF ionospheri data, along with seismi surveyare subjeted to statistis (Fidelis, 1998). The ionosphere survey may give the total piture of regionalseismoativity and registration of anomalous variations of SEM �eld in high-frequeny band on the seismistations by means of broad-band loop antennae may give the azimuth of the earthquake's preparing zone(Vallanatos, Novikos, 1997).The priniple of earthquake predition on the basis of VLF survey in ombination with deteting ofnatural Earth's EM �elds, the daily periodi variations of telluri �eld measurements, and traditionalinstrumental seismoservey is shown on Fig. 1.The VLF signal method may be ombined with observation of subsurfae eletromagneti �elds inULF band (Matsumoto et al., 1996). The study of temporal variations of seismi swarm ativity andduration of anomalous subsurfae �eld preeded the earthquake may give lue for long-time prognosis.5 Prognosis of seismi ativity in fault regionsThe high seismi hazard in fault areas is on�rmed by several large strike-stripe events in past deadeswhen some sites have been endured by several devastating earthquakes.28 Deember 1994 Sanriku-Oki M=7.7 earthquake was followed by two major subevents with wholerupture time about 55 s with estimated fault area of the main rupture 4000km2 (Sato et al., 1996). Thefoal mehanism solutions suggest low-angle thrust faulting along plate boundary between the Pasi� andNorth Amerian plates. A similar interplate event ourred in this site 26 years earlier, that is surprisingbeause the urrent reurrene time interval of large earthquakes is thought to be about 100 years.



148 V. Fidelis

Fig. 1. The priniple of earthquake predition method development by eletromagneti preursorsA destrutive M=7.4 earthquake ourred 17 August 1999, 100 km east Istanbul, near the ity Izmit,on the North Anatolian fault. The 1600 km fault's boundary slips at an average rate 2 � 3 m yr�1 andonly in past entury it has ruptured in a sequene of eight M>7 events (Hubert-Ferrary et al., 2000).And there there are no evidenes that in the following deades the rupturing events in this site havenot been reurrent.In 1994, M=6.7 Northridge earthquake, whih was the ontinue of California suession, rupturedpreviously unreognized 'blind' thrust fault beneath Los Angeles suburb (Shaw, 1998).A large ative fault earthquake M=7.2 ourred near Kobe, Japan January 17, 1995 has damaged for20 s 130 billion USD property and gone away the 6 thousands of peoples lives.The faults an experiene a Louomb stress inrease and therefore the loading slips (Nalbant et al.,1998). Experiened by loading stresses faults may hosted many historial earthquakes.Stress aumulates on the fault ontinuously as a result of plate motion. When the whole fault systemis near failure, a ritial stage is reahed that is haraterized by an extreme suseptibility to smallperturbations and strong orrelation between di�erent parts of the system. Small stress inreases (1 � 5bar) are then su�ient to trigger failure in the upper rust, and the fault tends to rupture over most ofits length in a asading sequene of earthquakes (Hubert-Ferrary et al., 2000).Indued on faults stresses may deform rust with suh rates that arising earthquakes may have mag-nitude as muh as two times higher then earthquake in suh environment without fault.All existing diversi�ation of tetoni faults may be redued to strike-slip vertial fratures movinglaterally with respet to one another and inlined thrust with reverse fratures where the blok abovethe fault move up with respet to the underlying bloks. The high lateral stresses in their interatingboundaries, whih have de�nite visosity and elastiity, reate a great stok of elasti potential energy,partly released in the earthquake, and tetoni movements, reluting against these stresses, maintain thisbakground energy stok (Dobrovolsky, 1992).In the stressed regions our the physio-hemial proesses, whih hange the mean properties ofde�nite volume of roks and aompanied by appearane of inhomogeneities, whih dimensions de�ne theenergy of future earthquake. These inhomogeneities are bringing about the disturbanes in the geophysial�elds, pereived as preursors.Under modest slip rates (mm/year) and inreased stress (1 � 2 bar), fault aumulates the largeseismi moments about 1020 N�m, whih may be realized in the ruptures and disloations of earth's rust
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Fig. 2. The simple bilateral fault ondutivity strutureabout few meters (Sato et al., 1996).The fault may be approximated by bilateral ondutivity struture as shown on Fig.2, where � iseletrial ondutivity (
�1m�1). X, Y, Z � oordinates were hosen with Z vertially up from earth'ssurfae.This 2-D ondutivity struture onditioned by arising on fault E� and H-polarization (ÒÌ� andÒÅ-waves), having di�erent properties, de�ned by eletri urrent ontinuity on fault's boundary. UnderÅ-polarization the eletri �eld is headed along fault boundary (ÎÕ axis) so that urrents with jx = � �Exdensity �ow in the same diretion. Owing to abrupt surfae ondutivity struture under E ontinuityarising jx break-o� onditioned by appearane of non-zero Hz omponent. Í-polarized �eld (the urrents�ow in fault's transverse diretion) does not generate Hz omponent due to model and �eld symmetry.These di�erenes among Å and Í-polarization are used for estimation of fault struture diretion.The omponents of impedane tensor on fault are di�erent too. Thus Zxy = Ex=Hy (E � polarization)ontinued on fault, and Zyx = Ey=Hx (Í-polarization) disontinued. In observing points over deep faultZxy(0) and Zyx(0) are di�erent (Larsen, 1973). Corresponding two types of magnetotelluri sounding(MTS) urves �xy = (1=!�o) � jZxyj2 and �yx = (1=!�o) � jZyxj2 (�o = 4�10�7 is magneti permeabilityand ! is irular frequeny) are used in ÌÒS tehnique for estimation of geoeletri fault struture. 2-Dfault distorts MTS urves relatively uniform 1-D half-spae. But it is neessary to take into aount om-pliation of geoeletri piture in trenh type faults due to oastline e�ets assoiated with onentrationof eletri urrents along the ondutivity ontrast (Larsen, 1973).Theoretial treatments usually have ignored lateral EIW properties hange along VLF path. Analysishas always been restrited to the pro�le of ionosphere height along VLF trae.Above mentioned 2-D fault ondutivity struture may hange lower boundary of EIW and so modifyit in whole.A simple model is then to assume the EIW everywhere uniform exept at fault interfae with a�� step. The question is whether a small ñhange in ondutivity assoiated with fault's boundary ansigni�antly alter EIW relatively uniform ondutivity. But another e�et may be of great importane.In situations where the various physio-mehanial proesses in fault regions a�et hanges in thehorizontal struture of rok properties the emitted low-frequeny eletromagneti �elds may disturb theEIW.It is shown (Wait, 1964) that ionosphere depressions, transverse to great irle part onneting VLFtransmitter and reeiver, lying within the �rst Fresnel zone, an modify the phase of the reeived signal.So that it is of great interest to study the faulted regions by VLF traks whih rosses faults intransverse diretions.The magnetotelluri measurements of MTS urves distortion in ative regions along with VLF signalmethod may improve earthquake prognosis in a fault environment.



150 V. Fidelis6 Development of seismoprognosti Crimean testing areaCrimean region has a ompliated geologial struture. Its high tetoni mobility, the presene of largeative fault are the reasons of abnormally high seismi ativity in some its areas. The sharp di�erentiationof geologial and geophysial parameters in the faulted struture may bring about the appearane ofeletromagneti e�ets prior to seismi events whih may ause the ionosphere parameters variation.The main feature of Crimean peninsula is large ative Georgian fault. It separates rok -folded thrust-ing of mountain Crimea from struture of plane Crimea. Development of seismoprognosti testing areaon this fault is of no small importane for estimation of seismiity of whole Crimea.It is supposed to develop VLF monitoring at �xed frequeny and reeption distane on the VLF Omegapath Krasnodar - Sevastopol (Fidelis, 1999b). On this rather short-distane may be studied earthquakesignature from epientra loalized in the North-West Cauasus and South Crimea.So that the supposed VLF path resembles the Tsushima-Inube one in Japan.But our middle latitudes are haraterized by stable loal VLF propagation onditions on the re�etionheight, the high regularity of noturnal and diurnal phase variations and the minimum of geomagnetidisturbanes, so they are more sensitive to spei� ionosphere distortions.The bottom boundary of waveguide Earth � ionosphere is stabilized by high ondutivity of Blak seawaters and prinipal fators of EM anomalies in ionosphere may be registered by di�erent instruments.The favourability of this method for these regions is onluded in the following irumstanes:à) the VLF Omega signal path situated in the middle latitudes, where the geophysial e�ets in theionosphere are not strongly expressed in omparison with auroral zone and low latitudes, and horizontalplasma ondutivities in ionospheri layers are omparable by the value with the vertial ones in theequatorial regions and may reate polarization �elds with high relation of order to bakground, formeddue the dynamo-e�et. These polarization �elds are su�ient for reation of instabilities, high-sensitiveto lithosphere-ionosphere oupling and to distortions in the Earth's subsurfae layers;b) the mountain inhomogeneities may be important fator of swinging out of gravitational waves inthe earthquake's preparing zones and intensi�ation of the ionosphere vortexity on the 80-120 km levelin the result of geophysial �elds perturbation transmission from earth's rust to ionosphere.For VLF signals the �rst Fresnel zone on a �at earth onneting points at separation distane d hasmaximum width S = (�d)1=2 (Wait, 1964).For VLF path Krasnodar � Sevastopol (� = 30km, d = 425km) it is seem that S= 112 km. So thatthe limit of VLF signal sensitivity on this path will be S=2 = 56km:7 ConlusionConventional geophysial survey fail to reognize some strutural variations in the Earths' layers proper-ties whih may be reliable earthquake's prognostis.The observation of the EM e�ets-earthquake preursors may give greater sensibility in the omparisonto registration of inner gravitation waves, emerging in the earthquake's preparing period and re�etingfrom the upper mantle layers.The VLF signal method has no limits for surveying of seismogeni regions. The advantages of regulartraking of some ative regions and the possibility to resolve the VLF survey problem only for a littlepart of spae segment ost are prevailing fators for hoosing of this method.As a result of statistial study may be found the spatio � temporal distribution of eletromagnetiprognostis from an earthquake epientra lose to VLF radiowave traes.The absene of worldwide data on VLF prognostis exlude the possibility of retrospetive analysisof earthquake events and assoiated eletromagneti phenomena. So that development a new RNS pathsounting on ontinuous work along with ompliity of seismi data and methods may ontribute to thedevelopment of earthquake predition methodology.



On the pratiability of VLF ionosphere sounding... 151ReferenesArsenin V. J. et al. // About in�uene of geomagneti �eld on the propagation of VLF and LF waves inthe nearest zone of Earth-ionosphere waveguide. M. 1976. P. 19. (in Russian).Burges B. and Walker D. // J. Inst. Navig. 1970. V. 23. N. 1. P. 49.Dobrovolsky I. P. // Fizika Zemli. 1992. N. 6. P. 31. (in Russian).Fidelis V.V. // Reports of the Ukrainian Aademy of Sienes. 1998. N. 1. P. 163. (in Russian).Fidelis V.V. // Advanes of Modern Radioeletronis. Foreign Radioeletronis. 1999a. N. 8. P. 59. (inRussian).Fidelis V.V. // Proeedings of the International Symposium on Fundamental and Applied problems ofmonitoring and prognosis of natural disasters (Sevastopol, September 1998). Part II. P. 74. Kiev.1999b. (in Russian).Gufeld I.L., Rozhnoy A.A. , Tyumentsev S.N., et al. // Izvestiya AN SSSR. Fizika Zemli. 1992. P. 103.(in Russian).Hayakawa M., Molhanov O., Ondoh T. and Kawai E. // Journal of Atmospheri Eletriity. 1996. V.16. N. 3. P. 247.Hubert-Ferrary A. et al. // Nature. 2000. V. 404. P. 269.Kinkulyikin I. E., Rubtsov V. D. and Fabri M. A. // The phase method of o-ordinate de�nition. M.Sovetskoe radio. 1979. P. 279. (in Russian).Larkina V.I. // Advanes of modern radioeletronis Foreign Radioeletronis. 1998. N. 5. P. 15. (inRussian).Larsen J.C. // Physis of the Earth and Planetary Interiors. 1973. N. 7. P. 389.Matsumo T., Fujinawa Y. and Takahashi K. // Journal of Atmospheri Eletriity. 1996. V. 16. N. 3. P.175.Meyer K., and Teisseyer R. // Phys. of the Earth and Planet. Int. 1989. V. 57. P. 45.Molhanov O., Hayakawa M., and Rafalsky V. // J. Geophys. Res. 1995. V. 100. N. A2. P. 1691.Nalbant S.S., Hubert A. and King G.C.P. // J. Geophys. Res. 1998. V. 103. P. 22469.Orange S. // Proeedings of the IEEE. 1989. V. 77. N. 2. P. 287.Peddel J.B., and Freeman E.M. // Proeedings of International Conferene on Marine Eletromagnetis.June 1997. London.Remenets G.F. // Disertation thesis on the awarding of sienti� degree of andidate of physio-mathematial sienes. Leningrad. 1972. P. 13. (in Russian).Reutov A.P., and Marenko V. F. // Conept of radio wave foreasting system and experimental results.Mosow. IIA. 1995. P. 46. (in Russian).Ruzhin Yu., and Depueva A. // Journal of Atmospheri Eletriity. 1996. V. 16. N. 3. P. 271.Sato T., Imanishi K., and Kosuga M. // Geoph. Res. Lett. 1996. V. 23. N. 1. P. 33.Shaw J. // Craking Los Angeles. � Nature. 1998. V. 394. P. 320.Soloviev O.A. // Proeedings of International Conferene on Marine Eletromagnetis, June 1997, Lon-don.Tian X. and Hata M. // Journal of Atmosperi Eletriity. 1996. V. 16. N. 3. P. 227.Tro�mov I. L. // Fizika Zemli. 1994. N. 7 � 8. P. 91. (in Russian).Tsumodo R.T., Fukao S., and Yamanoto M. // Radio Siene. 1994. V. 29. P. 349.Vallianatos F. and Novikos K. // Proeedings of International Conferene on Marine Eletromagnetis.June 1997. London.Wait J.R. // Geophys J. Res. 1964. V. 69. N. 3. P. 441.Woodman R.F., Yamamoto M., and Fukao S. // Geophys. Res. Lett. 1991. V. 18. P. 1197.


