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al pe
uliarities of lithosphere-ionosphere 
oupling study in seismoa
tive regions by means of VLF (Very Low Frequen
y) 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 pe
uliarities of VLF monitoring inthe fault zones and its 
ombination with magnetotelluri
 sounding are 
onsidered. It is suggested to 
arryout VLF monitoring of seismi
 a
tivity of North-West Cau
asus and South Crimea on settled frequen
yand route.Keywords: VLF, ionosphere � sounding, earthquakes � pre
ursors � prognosis1 Introdu
tionThe long statisti
al study in the last years has proven some abnormal VLF signal variations related toseismi
 a
tivity. This stipulates the study of ionosphere-lithosphere 
oupling pro
esses in seismoa
tiveregions by means of VLF ionosphere tra
king on the basis of existing radionavigation systems (RNS).Amongst a few seismoionospheri
 pre
ursors this new one is seems to be very pra
ti
able in seismoa
tiveregions whi
h lying 
lose to 
ir
le 
onne
ting RNS transmitter and VLF re
eiver.The VLF earthquake (EQ) prognosis may be developed in two main dire
tions:� observation of 
hanges in homogeneous ionosphere stru
ture;� registration of appearan
e of lo
alized ionospheri
 irregularities during the earthquake preparingstage.



144 V. FidelisThese two dire
tions may be taken as basis for sear
hing for short � time VLF subionospheri
 prog-nosti
s in areas whi
h likely to be stru
k by major tremors. VLF pre
ursors inevitably are asso
iatedwith Earth-ionosphere waveguide (EIW) property and, mainly, with re�e
ting heights in this frequen
yband. Experimental diagnosis of VLF pre
ursors as a rule 
on
luded in dete
ting of amplitude and phaseof re
eived VLF signal and their quanlitative analysis.It is desired to quantify the earthquake signature by means of broadening of dete
ting VLF signalparameters and therefore to improve the experimental prognosis of future earthquakes.The methodology of VLF signal re
eption may di�er for short and long distan
es. In �rst 
ase thedetermining propagating fa
tor may be ground wave, in the se
ond one many times repeated radiowaverepulsing from interfa
e boundary may 
ause the multimode propagation and interferen
e. Re
ent seismi
events have demonstrated that faults exert seismi
 e�e
ts beyond the usual. They may store a largeamount of potential energy, whi
h may be realized in rupturing events. Two-dimensional stru
ture offault 
ondu
tivity and 
on�i
ts on boundaries of moving blo
ks may generate low-frequen
y emissionswhi
h phenomena may be found in ionosphere by VLF signal tra
king.Seismoionospheri
 pre
ursors bear information about the lithosphere 
hanges pre
eding an earthquakeand are displaying, in main, as ionosphere re�e
ting heights variations, their 
riti
al frequen
y deviationsand ele
tron density 
hanges.Measurements of the ionosphere disturban
es are routinely taken by satellites and analyzed for earth-quake pre
ursors. Survey of anomalous e�e
ts in the real helio-geophysi
al environment is a di�
ult tuskand its statisti
al analysis has many parti
ularities.Satellite data interpretations were summarized in (Larkina, 1998) as wave's �eld intensity 
hanges infrequen
y range from parts of Hz to tens of kHz before a few hours of earthquake, a powerful parti
lesarising, plasma's density and temperature 
hanges before a main sho
k.The registered ele
tromagneti
 e�e
ts have re
ently a
quired some theoreti
al basis. In quiet geomag-neti
 periods in the ionosphere some relative equilibrium between energeti
 ele
trons and low-frequen
yemissions has be
ome settled.A nonlinear 
oupling with Alfven waves, generated by seismoele
tri
 transformation in the earth-quake's preparing zone exited low-frequen
y emissions in the upper ionosphere and the magnetosphere.Forth
oming earthquakes 
ause irregularities not only in the regular ionospheri
 stru
ture, but alsoin its irregular features (E� and F� spreading, Es appearan
e, anomalous tra
es like strati�
ation, et
.)(Ruzhin and Depueva, 1996).A thorough quantitative estimation of penetration 
hara
teristi
s from an underground seismi
 sour
einto the atmosphere, ionosphere and magnetosphere was represented in (Mol
hanov et al., 1995).Be
ause of dissipation in the medium the 
al
ulations were made in the ULF range. It was shown thatintensities of ele
tromagneti
 �elds on the ground surfa
e and in the ionosphere are drasti
ally dependon the 
on�guration of sour
e, its type, polarization, dimension and depth. Only TE wave indu
ed by theazimuthal magneti
 type sour
e 
an really penetrate into the ionosphere, the penetration of TM moderadiation is 
on�ned in the Earth - ionosphere waveguide.The transmitted ULF energy into spa
e plasma 
onverted into obliquely propagated dissipated magne-tosoundi
 and Alfven modes, the �rst is spreading in the upper ionosphere and the se
ond 
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 tren
h earthquake types the e�e
ts of ELFradiation from a randomly distributed dis
harging dipole sour
es near the Earth's surfa
e. The estimatedmagneti
 �eld's strength is 
orresponded to observed one in Ito 
ity of the 1995 swarm.Due to evolution of seismo-geophysi
al events in the lithosphere, earth's 
rust and on the earth'ssurfa
e in the ionosphere arise disturban
es whi
h may e�e
t the radiowaves propagation 
onditionsand 
hange the phase and amplitude of navigational signals propagating inside the Earth-ionospherewaveguide.The parti
ularities of VLF radiowave propagation along the tra
es 
rossing the seismoa
tive regionswere dis
ussed in Gufeld et al., (1992), Reutov and Marenko (1995).
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ability of VLF ionosphere sounding... 145In Haykawa et al., (1996) was used VLF signal method by whi
h were measured the propagation
hara
teristi
s. They found abnormal behavior (espe
ially of phase) a few days before the main sho
k ofthe 1995 Hyogo-ken Nanby earthquake. By 
omputer simulation was suggested that observed e�e
t 
anbe explained by de
reasing in the VLF re�e
tion height. This de
reasing was related to either in
rease inthe referen
e atmosphere 
ondu
tivity or an in
rease in the density of 
harged parti
les.So that the theoreti
al and numeri
al analysis of seismoele
tromagneti
 (SEM) emissions demonstratesthe relevan
e of the study of the ionosphere property variations and the possibility of gaining an insightinto the nature of SEM pre
ursors using ground-based measurement te
hniques.The VLF monitoring of geophysi
al media above the extended regions is far a

essible for registrationfrom ground based RNS and is of great interest in 
omparison with satellite one be
ause of its integral
hara
ter.The purpose of the present paper is to systematize the prin
iples of radiowave method, the varietyof observable parameters and suggestions for extension the number of pre
ursor types and thereby toimprovement of VLF radiowave methodology.2 Ground wave propagation me
hanismThe study of ground wave propagation me
hanism may give the pi
ture of the surfa
e impedan
e 
hangesrelated to seismi
 a
tivity, whi
h are 
onne
ted with ele
tri
al resistivity 
hanges. Registration of Earth's
rust ele
tri
al resistivity 
hanges have been su

essfully used for earthquake predi
tion in periods of hoursand weeks prior to event (Peddel and Freeman, 1997). The lo
al resistivity 
hange 
an be asso
iated withstrain in the medium, the large 
hanges relate to observation in the earthquake fo
al region.The surfa
e measurements of ele
tri
al resistivity are made using arti�
ial ele
tri
 
urrent sour
es orhighly sensitive variometers.The polarized 
hara
teristi
s of VLF ground wave are 
onditioned by appearan
e of inhomogeneous
ondu
tivity on the Earh's surfa
e before an earthquake due to stress in
reasing in homogeneous media.The me
hanisms generally invoked in ele
tromagneti
 emissions are: dire
t wave generation by ro
ks
ompression near the fo
al point and the 
ra
king of surfa
e 
rustal layers in the earthquake's preparingzone, redistribution of ele
tri
 
harges, piezoele
tri
 e�e
t and others.Earth's inhomogeneous 
ondu
tivity may e�e
t both subionospheri
 and ground wave propagation(Soloviev, 1997). Daily variations of telluri
 �eld before an earthquake supposedly 
aused by periodi

hanges of resistan
e of mountain ro
ks 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, dire
ted perpendi
ular to Big Cau
asus Mountains axis were registered un
orrelated withmagneti
 �eld short-periodi
 variations of telluri
 �eld, quantitatively pro rata the number of registeredearthquakes (Tro�mov, 1994).Separation of seismoele
tri
 events in the telluri
 variations performed visually on absen
e at momentof their appearan
e the analogous variations in magneti
 �elds that eliminate their asso
iation with �eldof ionospheri
 origin.The 
on
ept of surfa
e impedan
e is 
ommonly used in studies dealing with ground wave propagation.For 
hara
terizing Earth's surfa
e ele
tri
al inhomogeneities the relative impedan
e fun
tion of spatialvariables may be introdu
ed as:�(x; y; z; t) = Z 0=Zo = �1 �Q(x; y; z; t);where surfa
e impedan
e Z 0 = Ex=Hy at z=0, Zo = 120�
, �1 � relative surfa
e impedan
e for upperlayer, Q � the fun
tion of ele
tri
al parameters. Note that Z 0 is a 
omplex parameter.The polarized 
hara
teristi
s of ground wave are 
onditioned by this surfa
e impedan
e whi
h 
hangesbefore the earthquake due to in
reasing of atmosphere 
ondu
tivity and ionosphere modes are dependingon frequen
y properties of EIW.In the tren
h type 
rust, parti
ularly in the peninsula and island sites, the appearan
e of ele
tri

urrents before the earthquake may be 
ompli
ated by shore e�e
t and sea water shunting. In the air the



146 V. Fidelisverti
al ele
tri
 �eld E1z invariably greater than horizontal one, E1x, as mu
h as [�2 +(60��)2℄1=4 times,where � is diele
tri
 permittivity, � � ele
tri
 
ondu
tivity, 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 re
eiving on verti
al antenna and in the sea� on horizontal one. In the 
oil antenna, whi
h dete
ts magneti
 
omponent in the air and sea indu
edsignals have the same amplitude.The simultaneous dete
ting of ele
tri
 �eld 
omponents E2x, on sea shelf and E1z in boreholes onseashore may improve signal/noise ratio thanks to o
ean �ltering and give information related to preparingphenomena of tren
h type earthquakes.3 The multimode ionospheri
 propagationDue the ele
tri
al �eld 
hanges in the earth's 
rust the ele
tromagneti
 energy penetrates in the nearbyspa
e and 
ause the rise and de
line of ionospheri
 layers heights. This pro
ess a

ompanied by de
reasingof ele
tron density in its maximum (Larkina, 1998). Also there are e�e
ts of formation of sporadi
 layersin the ionosphere on spa
e s
ale of hundreds of kilometers, intensi�
ation of ionospheri
 plasma vorti
ityinterpreted as result of parametri
 �u
tuation ex
itation between the upper hybrid resonan
e and 
riti
allayers and emergen
e of ionospheri
 inhomogeneities with spa
e s
ale up to thousand kilometers.The VLF signals propagating in the waveguide Earth � ionosphere are re�e
ting from the ionosphereand in the re
eption pla
e have the interfering 
hara
ter and are 
onsisting of ground wave and a numberof re�e
ted from ionosphere modes. In the 
ase of lo
alized or extended ionospheri
 irregularities theire�e
ts may be 
hara
terized in the perturbation of ionosphere modes and dominant ground wave withinan inhomogeneous area.The parameters of ionosphere modes are depending from frequen
y properties of EIW.The ionospheri
 layers with low density have high sensitivity to EM �eld distortion. For example, themidlatitude ionospheri
 E-layers are 
hara
terized by high 
on
entration of metalli
 ion layers and aredistinguished by the high 
orrelation of Hall and Pedersen 
ondu
tivities. Moreover, the sporadi
 E-layersmay have the ele
tron densities, as mu
h as two orders higher than ba
kground (Woodman et al., 1991).The ele
tri
 inhomogeneities in the sporadi
 Å-layers have su�
iently long time of existen
e (the �rst tensof minutes) be
ause the boundary layers with zero 
ondu
tivity prevent the shorting of ele
tri
 
urrentswhi
h appear in the ionized plasma. The polarization pro
esses in the sporadi
 Å-layers may o

ur 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�e
ting from the ionosphereand in the re
eption pla
e have the interfering 
hara
ter and 
onsist of ground wave and a numberof re�e
ted from ionosphere modes. In the 
ase of lo
alized or extended ionosphere irregularities theire�e
ts may be 
hara
terized in the perturbation of ionospheri
 modes and dominant ground wave withinan inhomogeneous area.The phase variations of interfering signals dire
tly 
onne
ted with the 
hanges of ionosphere re�e
tinglayers heights. Observed on �xed distan
e VLF signal parameters mainly depends on the D-layer ele
trondensity pro�le (Haykawa et al., 1996).In average, in the VLF band under the �u
tuations in the ionosphere the �eld's variations are orderof 10 � 30 %, the variation time varies from tens minutes to hours. These parameters may be dete
tableabove the ba
kground.In the Omega re
eiver 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 fun
tion, named as the attenuation fa
tor.



On the pra
ti
ability of VLF ionosphere sounding... 147Under VLF propagation above the high mountain range there emerge the se
ond 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 
hara
ter,whi
h des
ribes the ele
tri
 properties of ionosphere.For signal, 
onsisting from two spe
tral 
omponents, the 
hange of additional phase of �rst mode,
aused by the interferen
e with se
ond 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�eren
eof �rst and se
ond modes in the re
eption pla
e.There are the great number of natural fa
tors interfering on the VLF signal, propagating in the spheri-
al EIW (Arsenin, 1976; Remenets, 1972). But upon 
onstant base the subje
t 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 statisti
s those ones whi
h 
orrelated withthe anomalous 
hanges of natural EM �eld in the earthquake's preparing period.Be
ause of sudden ionosphere perturbations arise an additional errors, whi
h may estimated as (Burgesand Walker, 1970): � = M(t=�s)exp[�(1� �s)2=2℄;whereM and �s are parameters whi
h 
hara
terize 
hanges of additional phase owing to sudden ionospheredisturban
es.4 Combination of VLF tra
king with other instrumental methodsThe monitoring of anomalous Earth's EM �eld variations by a
tive VLF signal tra
king may be 
ombinedwith dete
ting of passive EQ pre
ursors and traditional seismosurvey methods.Compilated both ground passive EM and a
tive VLF ionospheri
 data, along with seismi
 surveyare subje
ted to statisti
s (Fidelis, 1998). The ionosphere survey may give the total pi
ture of regionalseismoa
tivity and registration of anomalous variations of SEM �eld in high-frequen
y band on the seismi
stations by means of broad-band loop antennae may give the azimuth of the earthquake's preparing zone(Vallanatos, Novikos, 1997).The prin
iple of earthquake predi
tion on the basis of VLF survey in 
ombination with dete
ting 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 subsurfa
e ele
tromagneti
 �elds inULF band (Matsumoto et al., 1996). The study of temporal variations of seismi
 swarm a
tivity andduration of anomalous subsurfa
e �eld pre
eded the earthquake may give 
lue for long-time prognosis.5 Prognosis of seismi
 a
tivity in fault regionsThe high seismi
 hazard in fault areas is 
on�rmed by several large strike-stripe events in past de
adeswhen some sites have been endured by several devastating earthquakes.28 De
ember 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). Thefo
al me
hanism solutions suggest low-angle thrust faulting along plate boundary between the Pasi�
 andNorth Ameri
an plates. A similar interplate event o

urred in this site 26 years earlier, that is surprisingbe
ause the 
urrent re
urren
e time interval of large earthquakes is thought to be about 100 years.
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Fig. 1. The prin
iple of earthquake predi
tion method development by ele
tromagneti
 pre
ursorsA destru
tive M=7.4 earthquake o

urred 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 sequen
e of eight M>7 events (Hubert-Ferrary et al., 2000).And there there are no eviden
es that in the following de
ades the rupturing events in this site havenot been re
urrent.In 1994, M=6.7 Northridge earthquake, whi
h was the 
ontinue of California su

ession, rupturedpreviously unre
ognized 'blind' thrust fault beneath Los Angeles suburb (Shaw, 1998).A large a
tive fault earthquake M=7.2 o

urred 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 experien
e a Lou
omb stress in
rease and therefore the loading slips (Nalbant et al.,1998). Experien
ed by loading stresses faults may hosted many histori
al earthquakes.Stress a

umulates on the fault 
ontinuously as a result of plate motion. When the whole fault systemis near failure, a 
riti
al stage is rea
hed that is 
hara
terized by an extreme sus
eptibility to smallperturbations and strong 
orrelation between di�erent parts of the system. Small stress in
reases (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 
as
ading sequen
e of earthquakes (Hubert-Ferrary et al., 2000).Indu
ed on faults stresses may deform 
rust with su
h rates that arising earthquakes may have mag-nitude as mu
h as two times higher then earthquake in su
h environment without fault.All existing diversi�
ation of te
toni
 faults may be redu
ed to strike-slip verti
al fra
tures movinglaterally with respe
t to one another and in
lined thrust with reverse fra
tures where the blo
k abovethe fault move up with respe
t to the underlying blo
ks. The high lateral stresses in their intera
tingboundaries, whi
h have de�nite vis
osity and elasti
ity, 
reate a great sto
k of elasti
 potential energy,partly released in the earthquake, and te
toni
 movements, relu
ting against these stresses, maintain thisba
kground energy sto
k (Dobrovolsky, 1992).In the stressed regions o

ur the physi
o-
hemi
al pro
esses, whi
h 
hange the mean properties ofde�nite volume of ro
ks and a

ompanied by appearan
e of inhomogeneities, whi
h dimensions de�ne theenergy of future earthquake. These inhomogeneities are bringing about the disturban
es in the geophysi
al�elds, per
eived as pre
ursors.Under modest slip rates (mm/year) and in
reased stress (1 � 2 bar), fault a

umulates the largeseismi
 moments about 1020 N�m, whi
h may be realized in the ruptures and dislo
ations of earth's 
rust
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Fig. 2. The simple bilateral fault 
ondu
tivity stru
tureabout few meters (Sato et al., 1996).The fault may be approximated by bilateral 
ondu
tivity stru
ture as shown on Fig.2, where � isele
tri
al 
ondu
tivity (
�1m�1). X, Y, Z � 
oordinates were 
hosen with Z verti
ally up from earth'ssurfa
e.This 2-D 
ondu
tivity stru
ture 
onditioned by arising on fault E� and H-polarization (ÒÌ� andÒÅ-waves), having di�erent properties, de�ned by ele
tri
 
urrent 
ontinuity on fault's boundary. UnderÅ-polarization the ele
tri
 �eld is headed along fault boundary (ÎÕ axis) so that 
urrents with jx = � �Exdensity �ow in the same dire
tion. Owing to abrupt surfa
e 
ondu
tivity stru
ture under E 
ontinuityarising jx break-o� 
onditioned by appearan
e of non-zero Hz 
omponent. Í-polarized �eld (the 
urrents�ow in fault's transverse dire
tion) does not generate Hz 
omponent due to model and �eld symmetry.These di�eren
es among Å and Í-polarization are used for estimation of fault stru
ture dire
tion.The 
omponents of impedan
e tensor on fault are di�erent too. Thus Zxy = Ex=Hy (E � polarization)
ontinued on fault, and Zyx = Ey=Hx (Í-polarization) dis
ontinued. 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 
ir
ular frequen
y) are used in ÌÒS te
hnique for estimation of geoele
tri
 fault stru
ture. 2-Dfault distorts MTS 
urves relatively uniform 1-D half-spa
e. But it is ne
essary to take into a

ount 
om-pli
ation of geoele
tri
 pi
ture in tren
h type faults due to 
oastline e�e
ts asso
iated with 
on
entrationof ele
tri
 
urrents along the 
ondu
tivity 
ontrast (Larsen, 1973).Theoreti
al treatments usually have ignored lateral EIW properties 
hange along VLF path. Analysishas always been restri
ted to the pro�le of ionosphere height along VLF tra
e.Above mentioned 2-D fault 
ondu
tivity stru
ture may 
hange lower boundary of EIW and so modifyit in whole.A simple model is then to assume the EIW everywhere uniform ex
ept at fault interfa
e with a�� step. The question is whether a small ñhange in 
ondu
tivity asso
iated with fault's boundary 
ansigni�
antly alter EIW relatively uniform 
ondu
tivity. But another e�e
t may be of great importan
e.In situations where the various physi
o-me
hani
al pro
esses in fault regions a�e
t 
hanges in thehorizontal stru
ture of ro
k properties the emitted low-frequen
y ele
tromagneti
 �elds may disturb theEIW.It is shown (Wait, 1964) that ionosphere depressions, transverse to great 
ir
le part 
onne
ting VLFtransmitter and re
eiver, lying within the �rst Fresnel zone, 
an modify the phase of the re
eived signal.So that it is of great interest to study the faulted regions by VLF tra
ks whi
h 
rosses faults intransverse dire
tions.The magnetotelluri
 measurements of MTS 
urves distortion in a
tive 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 
ompli
ated geologi
al stru
ture. Its high te
toni
 mobility, the presen
e of largea
tive fault are the reasons of abnormally high seismi
 a
tivity in some its areas. The sharp di�erentiationof geologi
al and geophysi
al parameters in the faulted stru
ture may bring about the appearan
e ofele
tromagneti
 e�e
ts prior to seismi
 events whi
h may 
ause the ionosphere parameters variation.The main feature of Crimean peninsula is large a
tive Georgian fault. It separates ro
k -folded thrust-ing of mountain Crimea from stru
ture of plane Crimea. Development of seismoprognosti
 testing areaon this fault is of no small importan
e for estimation of seismi
ity of whole Crimea.It is supposed to develop VLF monitoring at �xed frequen
y and re
eption distan
e on the VLF Omegapath Krasnodar - Sevastopol (Fidelis, 1999b). On this rather short-distan
e may be studied earthquakesignature from epi
entra lo
alized in the North-West Cau
asus and South Crimea.So that the supposed VLF path resembles the Tsushima-Inube one in Japan.But our middle latitudes are 
hara
terized by stable lo
al VLF propagation 
onditions on the re�e
tionheight, the high regularity of no
turnal and diurnal phase variations and the minimum of geomagneti
disturban
es, so they are more sensitive to spe
i�
 ionosphere distortions.The bottom boundary of waveguide Earth � ionosphere is stabilized by high 
ondu
tivity of Bla
k seawaters and prin
ipal fa
tors of EM anomalies in ionosphere may be registered by di�erent instruments.The favourability of this method for these regions is 
on
luded in the following 
ir
umstan
es:à) the VLF Omega signal path situated in the middle latitudes, where the geophysi
al e�e
ts in theionosphere are not strongly expressed in 
omparison with auroral zone and low latitudes, and horizontalplasma 
ondu
tivities in ionospheri
 layers are 
omparable by the value with the verti
al ones in theequatorial regions and may 
reate polarization �elds with high relation of order to ba
kground, formeddue the dynamo-e�e
t. These polarization �elds are su�
ient for 
reation of instabilities, high-sensitiveto lithosphere-ionosphere 
oupling and to distortions in the Earth's subsurfa
e layers;b) the mountain inhomogeneities may be important fa
tor 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 geophysi
al �elds perturbation transmission from earth's 
rust to ionosphere.For VLF signals the �rst Fresnel zone on a �at earth 
onne
ting points at separation distan
e 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 Con
lusionConventional geophysi
al survey fail to re
ognize some stru
tural variations in the Earths' layers proper-ties whi
h may be reliable earthquake's prognosti
s.The observation of the EM e�e
ts-earthquake pre
ursors may give greater sensibility in the 
omparisonto registration of inner gravitation waves, emerging in the earthquake's preparing period and re�e
tingfrom the upper mantle layers.The VLF signal method has no limits for surveying of seismogeni
 regions. The advantages of regulartra
king of some a
tive regions and the possibility to resolve the VLF survey problem only for a littlepart of spa
e segment 
ost are prevailing fa
tors for 
hoosing of this method.As a result of statisti
al study may be found the spatio � temporal distribution of ele
tromagneti
prognosti
s from an earthquake epi
entra 
lose to VLF radiowave tra
es.The absen
e of worldwide data on VLF prognosti
s ex
lude the possibility of retrospe
tive analysisof earthquake events and asso
iated ele
tromagneti
 phenomena. So that development a new RNS paths
ounting on 
ontinuous work along with 
ompli
ity of seismi
 data and methods may 
ontribute to thedevelopment of earthquake predi
tion methodology.
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