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DETERMINING THE FOCAL MECHANISM OF AN EARTHQUAKE
IN THE TRANSCARPATHIAN REGION OF UKRAINE

(Reviewed by the editorial board member G. Prodaivoda)

In the paper, the theory of seismic wave propagation in anisotropic media is presented, with the use of the matrix method when de-
termining the mechanisms of local earthquakes. These issues are of importance in seismic studies in the Carpathian region where the
number of seismic stations is insufficient.

The work is aimed at the development of a methodology for calculating displacements on the surface of anisotropic medium and de-
termining the mechanisms of local earthquakes with the use of the graphic method. The purpose of the graphic method consists in mak-
ing it possible to use seismic records at the stations with indistinct polarities of first P-wave motions. The ratio between the amplitudes
of direct P- and S-waves is used as an auxiliary parameter.

The research results are illustrated with examples of using the records of 04.04.2013 event near Nyzhnye Selyshche
(9=48,1977, A=23,4663, h=1,73 km, M,=2). Comparative analysis is carried out of seismograms calculated with the matrix method
and those recorded at a seismic station, which confirms the effectiveness of the methodology for determining the seismic source
parameters. Based on the graphic method, spectral and geometric parameters of the seismic source have been obtained: seismic
moment, radius of shear dislocation, slip area, mean fault slip, stress drop, energy and magnitude.

Scientific novelty of the work consists in developing a method of calculating the displacement field in anisotropic media with
the use of the matrix method and in amending the graphic method so as to ensure determining the mechanisms of local earth-
quakes in the Carpathian region where the number of seismic stations is limited.

Practical application of the work is in determining the source parameters of local earthquakes, based on the developed ap-
proaches, which is of crucial importance in local seismological studies.

The version of the matrix method developed in this work for calculating seismic wave propagation in anisotropic media can

be used for determining the tensor of seismic moment with the number of seismic stations being limited.

Introduction

Determining earthquake focal mechanisms in the Tran-
scarpathian region of Ukraine is one of the most topical is-
sues in local seismological investigations. As the level of
local seismic activity is low, the number of reliable polarities
of first motions at local seismic stations is very often insuffi-
cient to determine the mechanism in a traditional way, which
necessitates the development of alternative methods and
improvement of the traditional ones.

An approach is often used where nodal planes are plot-
ted on a lower-hemisphere stereographic projection to best
fit the polarities of first arrivals of P waves at the stations, the
location of a station polarity on the projection depending on
the station azimuth and take-off angle of the ray of first arri-
val connecting the source and the station.

These focal mechanisms are determined using a
method that attempts to find the best fit to the direction of
P-wave first motions observed at each station. For a dou-
ble-couple source mechanism (or only shear motion on the
fault plane), the compression first motions should lie only in
the quadrant containing the tension axis, and the dilatation
first motions should lie only in the quadrant containing the
pressure axis. Accuracy of the focal mechanism solution
depends on the input data: velocity model and coordinate
of the hypocenter (they determine the take-off angle), qual-
ity of seismic records and sign inversion on the seismome-
ter, so that "up" is "down" (they determine the entry wave
character).

But sometimes there is not enough information about
the first arrivals of P waves. Both information about fuzzy

arrivals of P-waves (which can mean proximity to the nodal
plane) and the value logarithm of the amplitude ratio of S-
wave and P-wave amplitude at each station is important for
the distribution of compression and tension by nodal lines
in the quadrants.

However, it is appropriate to develop other methods for
determining the parameters of an earthquake source. One
of these methods is based on the expressions for dis-
placement field on free surface of an anisotropic medium
and spectra of real records from stations that recorded
these events.

Using the Thomson — Haskell matrix method of
constructing wave fields on the free surface is also feasible.
A method has been developed here for mathematical
modeling of elastic waves in medium consisting of
homogeneous anisotropic layers with parallel boundaries.

At the boundaries between the layers, the condition of
the hard contact is performed. A free surface is free of
stress. Wave source is located inside an anisotropic layer at
a certain depth z=zs. The radiation condition is also fulfilled
(the wave of the lower half space (n+1) does not return).

The solution is shown here for the direct problem when
a point source represented by a randomly oriented force on
an arbitrary boundary of a layered anisotropic medium is
preset. A "wave propagator" is introduced in order to pre-
sent the theory of the matrix propagator in a homogeneous
anisotropic medium. The basic expressions for the stress-
displacement field with using the matrix propagator and the
radiation condition are obtained. In fact, the direct problem
is reduced to the determination of the propagator P(z,z).
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To determine the earthquake source parameters, we use
the spectra of real records and the basic expressions for
the stress-displacement field with the matrix propagator.
Matrix method. Direct problem
We assume the usual linear relationship between
stress r; and strain ey
Ou,

T, =Coy €y = Cpyy —— (1)
ki kil kl
v " o,

- T . .
where i = (ux,u},,uz) is displacement vector.

(5+|)
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Figure 1. Vertically inhomogeneous field model

The equation of motion for an elastic homogeneous
anisotropic medium, in the absence of body forces, is
[Fryer et al, 1984]

o, %y,
e, 2)
P ~ M oo,
where p is the uniform mass density, and ¢, are the ele-

ments of the uniform elastic coefficient tensor which satisfy
the symmetry conditions

Cimt = Clie = Cyjie = Cuy
so that only 21 independent constants are involved.
The suffixes can take the values 1, 2, or 3, and the summa-
tion convention for repeated suffixes is assumed.
Taking the Fourier transform of (1) and (2), we obtain
the matrix equation [6]

D _ jodcz)b(z), @)
0z

al ]y

where b :( j is the vector of displacements and scaled

tractions, T :—i(rxz,ryz,tzz ). With the definition of »
Jjo

the system matrix A has the structure:

T C
ST

where T, S and C are 3x3 sub matrices, C and S are sym-
metric.

For any vertically stratified medium, the differential system
(3) can be solved subject to specified boundary conditions to
obtain the response vector b at any desired depth. If the re-

sponse at depth z; is 13( z, ), the response at depth zis
b(z)=P(z,2))b(z,) )

where P(z, zp) is the stress-displacement propagator. The
matrix propagator is defined as

P(z,20) =1+ [ A& )de, + [ A&, ) A& )A(E, JdE,dE +... (47)

where [ is the 6 x 6 identity. If D is the local eigenvector
matrix of A then

D'AD=A (5)
where A is diagonal. The diagonal elements of A are the
eigenvalues of A which are the vertical phase slownesses
q = p. . In general, we may write

A =diag(q, .q, 9.4, 9. 4. ) » (6)
where superscripts U and D denote upgoing and downgo-

ing disturbances, the subscript P denotes quasi-P and Sy,
S, denote the two types of quasi-S. For an isotropic me-

dium ¢” =—-¢”, but for general anisotropy there is no

such simple relationship between the vertical slownesses
[9]. However, for our choice of Fourier transform and the
definition of A in (3), it follows from the radiation condition
that Im(qD)>0 and Im(qU)<0.

Given the eigenvector matrix D, we may define a

wavevector v from the transformation
b=Dv. (6)
As in the isotropic case the elements of v may be

identified with the amplitudes of upward and downward
travelling plane waves,

V=l =le, v 20w 2ol 7)
where ¢, denotes gP amplitude and y, x the two gS ampli-
tudes. As before, U and D denote up and down.

If the elastic parameters are locally constant, then D is
independent of z and substitution of (6) and (5) into (3)
yields

o -
D— = joADv (8)
Oz
with the solution
W(z)=e" " (2) = 0(2,2,)V(z,) 9)
where z; is a reference depth. From (7) it is apparent that
Q may be regarded as a 'wave propagator' since it is the
solution to
00(z,z .
LA jor(zz), O(zm)=1  (10)

We note from (6) that within the uniform layer, Q has

the structure [6]

= E, 0 11
0(z,z,)= 0 E, (11)

with

T Jjo(z—z1 )q, f")(-”*zﬂqlcll Jo( 22 )q5,
E, —dlag[e re ,e ,

. jo(z-2,)g°  JO(z2=21)4L  jeo(z-2 )q>
ED:dzag[e’w(z Wiy T QIR (12)

Using (6) and (9), the stress-displacement vector at any
level z within the uniform medium is

b(z)=DQ(z,2,)Db(z,). (13)
By comparison with (4), the desired propagator for the
uniform interval is
P(Z’Zl)=DQ(Z’Zl)D71 (14)
To find this propagator, it is necessary to find the ei-
genvalues (vertical slownesses), the eigenvector matrix D,
and its inverse D. In the isotropic case these are known
analytically, so the construction of the propagator is
straightforward. In the anisotropic case, analytic solutions
have been found only for simple symmetries, so in general,
solutions can be found numerically.
The layered anisotropic medium, which consists of n
homogeneous anisotropic layers on (n+1) anisotropic half
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space (Figure 1), is considered. The matrix propagator (4*)
can be represented by a "wave propagator" in each layer
for an anisotropic layered medium. The source in the form

of a stress-displacement discontinuity F:Z;M—Z;S is

placed on the s-boundary (Fig. 1); it is easy to write the
following matrix equation, using (13-14):

bn+l = P b

n,s s+l ’

z=z,

Vi1 = D;:anQnD;l e D.v+1Q.s-+1D:1 ‘b

s+1

z=z(

P PRy b=

b.s' = PSA -1
z=z

:DSQSD;l...DlngJTl.BO

o
Q
Q
Q.9

0 Gy Gp Gy
0 | Ga Gy Gy
% | | Gn Go Ga
VLS; Gy Gy Gg
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Q
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Q

EQ EQiﬁ

o)

R

V1 =D,0,D."+ D 0. DY (b + F)= G (G by + F ) =
G = G b+ G F = Gl + GT L '
where
G= Dn_+11 "D2_1D1Q1D1_1
— characteristic matrix of a layered anisotropic medium.

V0= Ghy+G-G - F=G(by+ G2 F )=G(by+ F ), (15)

Dn QnD):l T D.v+lQ.s'+lD_l

s+1

where F=G1-F, G=G""".G,,.

Using (15) and the radiation condition (with a half-wave (n
+1) not returned), and also the fact that the tension on the free
surface equals zero, we obtain a system of equations:

1l

G15 Glﬁ M)(CO) * .

Gy Gy || 1" +1F

Gy Gy “;0) + ~3 (16)
Gis Gy ~4

Gss G ~5

Ges Ges )| 1

=)

Gou'” +Gu'” + Guu” = ~(GyF, + G, F, + G Fy + G F, + G Fy + Gy Fy )
Gzl”;O) + Gzz”;O) + st“im = _(G21151 + Gzzﬁ 2t stﬁs + G24F st stﬁs + Gzeﬁ s) (7
Gzlu,iO) + Gaz”;p) + Gsz”ZO) = _(Gzlﬁl + Gazﬁz + Gzaﬁé + G34F4 + G35F5 + G36F6)

As a result, the displacement field of the free surface of
the anisotropic medium is in the spectral domain as:

i=|u) |=(G°)"y (18)
0

QQ

w

Gll G12
where G®=|G,, G, G,
G31 G32 G33
a= _(GllFl + Glez + G13F3 + G14F4 + G15F5 + Glst) ,
b= _(G21F1 + G22F2 + G23F3 + G24F4 + G25F5 + GzeFe) s
¢ =~(GyFy + Gl + GyFy + Gy Fy + Gy by + G F) |
Using (18) and the three-dimensional Fourier transform,
we obtain a direct problem solution for the displacement

field of the free surface of an anisotropic medium in the
time domain as:

V=

o o Q

U(x,y,z,,t)=
1 . oty e ,
:gﬂ‘jmzu(px,py,zmm)el (t-p, 1"})dpxdpyd(o

where zr — epicentral distance, px, py— horizontal slowness.
The stress-displacement discontinuity is determined via
the seismic in matrix form [7]:

—CssM

—CcuyM

—cxM.,

PAM, —cyegM )+ p M,

PM, +p (M, —cuegM_.)
PAM -M_)+p, (M, —-M

&St
1

8(z-z.) (19)

yz)

where Myx, Myy, Mzz, Myz, Myz, Myx, Myy, Mz, Mz, — compo-
nents of the seismic moment tensor, and c¢43, C23, C33, Caa,
cs5— components of the stiffness matrix.

Matrix method. Inverse problem

We can write the stress-displacement discontinuity F
for weak seismic events as:

21

st}
Il

(20)

© © o xmxm

Using (16, 19, 20), we obtain a system of equations,
which has a unique solution:

G11“§0) + GIZMLO) + G13“§0) = _(Gnﬁl + Glzﬁz + Glaﬁé)
Gzl”iO) + Gzz”,fr()) + stugl)) = _(G21ﬁ1 + Gzzﬁz + Gzaﬁa) - (21)
G31u£0) + Gsz“;-m + G33u;°) = _(G31F1 + Gszﬁz + Gssﬁs)

F=G, F, (22)
where G, is the characteristic matrix of the source.

Using (21, 22), we find explicitly the stress-displacement

vector F . From (19) equations for the determination of the
seismic moment tensor components are derived:

sz = sz = _F;L : C55
M = sz = _F; : C44 (23)

M. =—F;-cqy
To determine the angles of orientation of the plane of
rupture (@s, 6, A), we use the trigonometric system of equa-
tions which represent the known components of seismic

moment tensor via the angles of orientation of the plane of
rupture [1]:
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M_=-M,-(cosd-cosh-cosd, +cos25-cosk-cos¢, )
M, =—M,-(cos8-cosh-cosd, —cos 25-sinh-cos, ) , (24)

M_ =M,sin25-sink
where My — seismic moment determined from the spectrum
of seismograms. The found angles of orientation of the
plane of rupture (¢s, 6, A) are substituted in the following
equation to find the total seismic moment tensor [1]:

M_ =-M,-(sind-cos\-sin2¢, +sin28-sin)-sin’ ¢, )
M, =M, =M, (sind-cos\-cos 2, +%sin28-sin7vsin2¢j) (25)

M, =M,-(sind-cos)-sin2¢, —sin 25-sin-cos” ¢, )
As a result, we write the seismic moment tensor using
the symmetry condition:
M)o( Mxy sz
M = MXy MW Myz

sz Myz Mzz

(26)

Determining the focal mechanism by graphical
method

Today, the focal mechanism solution for earthquakes in
a region of low seismic activity is a topical issue. It is of
crucial importance for the Transcarpathian region of
Ukraine, where the number of stations is limited and seis-
mic activity is low. It is impossible to determine a focal
mechanism with software packages.

It is proposed to determine the focal mechanism by ap-
plying the traditional graphical method based on the first

arrival P-waves [10] using the information about fuzzy first
motion [5] and the S/P amplitude ratio [8].

To test the graphical method, an event dated
04.04.2013 21:15:14.36 is considered (¢=48.1977,
A=23.4663, h=1.73 km) near the village Nyzhnye Sely-
shche. This event was recorded by 9 stations (Figure 2)
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Figure 2. Map of seismic stations in the Transcarbathian
region and the specified location near to the epicenter
of events near Nyzhnye Selyshche village

The polarities of first motion P-waves were defined from
complete records seismograms taking into account the pos-
sible inversion of the sign on the z-component. A logarithm
of the amplitude ratio S/P is calculated using data from the
three components seismic records of this event at each sta-
tion [8]. Input data for the azimuth and take-off angle are
calculated by software packages for this event (Table 1).

Table 1
Input data for the focal mechanism solution
Stations First arrival Azimuth,’ Take-off angle,” lg As/Ap

NSLU +Pg 269 -53 -
KORU -Pg 260 31 0.43
MEZ -Pg 6 31 0.084
BRIU -Pn 295 42 0.65
TRSU -Pn 253 42 0.57
BERU xPn 274 42 2.64
MUKU -Pn 297 42 0.71
UzH -Pn 299 45 0.88
KSV -Pn 83 45 1.05

The graphical method is used to determine the focal
mechanism for this event according to the input data [10].
The data about first motion P-wave is plotted using a lower-
hemisphere stereographic projection. The point-projection
rays from the source to the station were applied on the
stereonet. The red points are the points of compression

North

(where the P-wave first motion recorded was up), the blue
points are the points of dilatation (where the P-wave first
motion recorded was down), and black points are the
points of fuzzy first motion. Several averaged versions of
the nodal plane locations are determined out of all the pos-
sible alternative versions for this event (Figure 3).

North

Figure 3. Averaged versions of the nodal planes locations for event 04.04.2013 21:15:14.36
(p=48.1977, A=23.4663, h=1.73 km) near the village Nyzhnye Selyshche
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The determining criteria for the most suitable locations
of the nodal planes for the 4.04.2013 earthquake were:
fuzzy first motion on the station BERU, a small logarithm
value of amplitude ratio S/P at the station MEZ indicates a
location projection station in the middle of the quadrant,
and the logarithm value of the amplitude ratio S/P at the

station KSV, which is larger than 1, indicates the proximity
to the nodal line. Consequently, the focal mechanism for
event 04.04.2013 21:15:14.36 (¢=48.1977, A=23.4663,
h=1.73 km) near the village Nyzhnye Selyshche is repre-
sented by diagram (Figure 4) with parameters in Table 2.

Table 2
Parameters of the focal mechanism for the event 04.04.2013 21:15:14.36
(9=48.1977, A=23.4663, h=1.73 km) near the village Nyzhnye Selyshche
Plane1 Plane2 P T N
Strike (¢s) | Dip (8) Slip (\) | Strike (¢s) | Dip (8) | Slip (A) Azm Plunge Azm Plunge Azm Plunge
174° 45° 173° 269° 85° 45° 33° 27" 142° 34° 274° 44°
North

Figure 4. The focal mechanism determined by graphic method for the event04.04.2013 21:15:14.36
(p=48.1977, A=23.4663, h=1.73 km) near the village Nyzhnye Selyshche

Seismic moment and other spectral parameters are
computed by (27-33) [2] for each station and the average
values of these parameters are represented in Table 3.

The seismic moment is computed according to:

My =4muvipu, / (68, ), (27)
where r —is hypocentral distance, v, - P-wave velocity, p
— density, u, — low-frequency level (plateau) of the dis-

placement spectrum, @ — average radiation pattern and S,

— surface amplification for P waves.
The radius of shear dislocation R is computed from
the relationship:

3.36v
R=—"T™2
2x/§nfc

where f, - is the corner frequency of the P wave. The size
of the circular rupture plane is computed as:

(28)

A=nR?. (29)
The average source dislocation is according to
D=M,/pA, (30)
where the shear modulus is computed by
n=vip/3. (31)

The stress drop, seismic energy and magnitude ML are
computed according to:

Ac=T7M,/16R®,
E =M,-16-10°,
ML=(IgE,—-4)/18.

(31)
(32)
(33)

With the seismic moment and the parameters of the
focal mechanism, the moment tensor M is defined from

(24, 25) [1]:
-11.42494 -54.24707 -54.15575

M =|-54.24707 1.96935 5.69199 |-10" (34)
-54.15575 5.69199  9.45559

Approbation of the inverse problem

The inverse problem is solved for the event, which took
place near the village Nyzhnje Selyshche.

The orientation angles of the fault plane are determined
by the graphic method (¢s = 174°, 6 = 45 °, A = 173°) and
the focal mechanism is determined for the event. The
seismic tensor (27) is obtained by substituting the orienta-
tion angles of the fault plane and the magnitude of seismic
moment in (24, 25).

The real seismic records at station Mezhyhirya is used
for the inverse problem. The earthquake source is located
in the first layer. Therefore, a two-layered anisotropic
model of medium (with Tl symmetry) is selected, whose
parameters are given in Table 4.

The orientation angles of the fault plane (@s = 177°, 6 =
45°, A = 175°) are obtained as a result of the inverse prob-
lem solving using spectrum of real seismic record and the
velocity model (Table 4). The seismic tensor is obtained by
substituting the orientation angles of the fault plane and the
magnitude of seismic moment in (24, 25):

573144 -54.70825 -54.57932
M =| -54.70825 -1.03079 2.86038 |-10"(35)
5457932 286038  6.76224

The focal mechanism is shown in Figure 4 which is
based on the seismic moment tensor (35).
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Table 3
Spectral parameters for the event 04.04.2013 21:15:14.36 (¢=48.1977, A=23.4663, h=1.73 km) near the village Nyzhnye Selyshche
My, Nm S HZ R.m A m? D.,m Ac , MPa E J ML
6.68784*10™ 6.81 213.191 1.4271*10° 2.85*10°° 0.302 1.07*10° 2.22
Table 4
Velocity model for seismic station Mezhyhirya

Ne cq1, GPa cq3, GPa c33, GPa c44, GPa Ces, GPa kg‘/);ns h, m

1 81.12 25.342 84.397 37.036 28.127 3000 2400

2 100.38 33.464 100.38 33.458 33.458 3367 6600
Table 5

Velocity model for seismic station Korolevo

Ne c1, GPa c13, GPa Cs3, GPa Cas, GPa Ces; GPa kg‘7;113 h,m

1 76.81 24.57 76.71 24.36 24,26 3000 2400

2 100.38 33.464 100.38 33.458 33,458 3367 6600

where c11, C13, Ca3, Caa, Ces — cOMponents of the stiffness matrix, p — density, h — thickness of layer.
North The focal mechanisms of the earthquake built by two
I N different methods (Figure 4-5) are actually identical,
’/ \\__ which confirms the correctness and accuracy of the ma-
£ , P' trix method.
o | \ The synthetic seismograms are constructed for the
West = '. T East earthquake's focal mechanism (Figure 5) and the velocity
‘ models (Table 4-5) to confirm the inverse problem solu-
T 4 tions. A comparative analysis is done of synthetic seismo-
\ N __,,/ grams and real records at the stations Mezhyhirya and
%\*;' Korolevo, which are filtered in the frequency range from fy
a0utn

Figure 5. The focal mechanism determined by the pro-
posed method for the event which took place near the village
Nyzhnje Selyshche (¢ =177°, 6 =45°, A = 175°)

o.08

= 0.1Hz to fmax =

5Hz (Figure 6-7).Synthetic seismograms
are built for the obtained seismic tensor (35) and the veloc-
ity model (Table 4-5).

real e
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= E
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Figure 6. Comparison of synthetic seismograms with real
seismic record from station Mezhyhirya

Figure 7. Comparison of synthetic seismograms with real
seismic record from station Korolevo
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Conclusion

Comparative analysis of waveforms confirms the feasi-
bility of using the matrix method for solving seismology
problems with earthquakes sources being distributed in
time. Similarity of the focal mechanisms obtained by two
different methods confirms the correctness of the solutions
for this event.

More accurate results in determining the earthquake
focal mechanisms are obtained when using the spectrum
data from stations that are located at a smaller epicentral
distance. The best results were obtained for those stations
where records have a lower noise level. Choosing the ve-
locity model is essential for determining earthquake focal
mechanisms.

We can conclude that the graphical method is suitable
for determining focal mechanisms for earthquakes in the
Carpathian region of Ukraine.
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BUSHAYEHHA ®OKAJNIbHOIO MEXAHI3MY 3EMJIETPYCY B 3AKAPIMATTI

Y po6omi npedcmaeneHo meopiro nowupeHHs1 celicMiYHUX X8UJIb 8 aHi30mponHoMmy cepedosuuwii 3 8UKOPUCMAHHSIM MampuyHo20 Memody
TomcoHa-Xackesia, a makoXx eu3Ha4yeHHs MexaHiaMie eo2HuUW, Micyesux 3emnempycie. Taki 3adayi € Had3eu4aliHO aKkmyaJibHi 051 eue4YeHHs celic-
miyHocmi 3akapnamms yepe3 o6MexeHy Kinbkicmb celicMiyHux cmaHyid.

Memoro po6omu € po3pobreHHsi Memoduku Onsi mobydoeu nosisi nepemiuieHb Ha eiNbHili MoeepxHi aHi30MpPorHo2o cepedosuwia i BU3Ha4YEHHST Mexa-
Hi3mie eo2HUW, Micyesux 3emnempycie 2paghiyHumM memodom. Cymb 2paghiyHo20 Memody nosisi2a€ y UKOPUCMaHHI celicMiYHUX 3anucie Ha cmaHyisx 3
HemoYyHuM ecmyrnom npsiMux P-xeusb. STk donomixxHuli napamemp y po6omi eukopucmaHo eiGHoweHHs1 amnimyo npsimux P i S xeunb.

Pe3ynbmamu 3anponoHoeaHux nidxodie nokaszaHo Ha nNpuknadi eukopucmaHHs 3anucie nodii 04.0.2013 p. 6ins c. H. Cenuwe (p=48.1977;
A=23.4663; h=1.73 km, ML=2). 3okpema, npedcmassieHO NMOpPieHANLHUL aHani3 celicMo2paM, OMPUMaHUX Mampu4YHUM MemoOoM i3 pearbHUMU
3anucamu, wo nidmeepdxye sukopucmaHHsi Memoduku Onisl eU3Ha4YeHHs1 napamempie Axepesna. Ha ocHoei 2paghitHo20 MemoOdy Onsi eU3HAYEHHS
MexaHi3mie 802HUW, Micyesux 3emsiempycie ompumMaHo criekmpasbHi ma 2eomMempuYHi napamempu Oxepena: celicMi4HUl MmomeHm, padiyc 3cye-
Hof ducrnokauyil, nnowyy po3puey, cepedHto MocyeKy no pospusy, cnad Harnpyau, eHepailo ma mazHimyady.

Haykoea Hosu3Ha po6omu nonsieae y po3pobrsieHi MemoduKu 8u3Ha4YeHHs1 MoJisi nepemiwieHb y aunadky aHi3ompornHo2o cepedosulya 3 8UKO-
pucmaHHsIM Mampu4yHo20 Memody, a MaKoXx po3eumky 2pagiyHo2o memody Ansi nobydoeu MexaHiamie eo2HUW, 3eMiiempycie 3akapnamms y
sunadky o6mexxeHol KinbKocmi cmaHuyit.

lMpakmuyxa 3HaYumicms po6omu rosisi2zae 8 MoMy, W0 Ha OCHO8i po3pobrieHuUx nidxodie € Mo)Jiueicmb eU3Ha4YeHHsI NapaMempie eo2HuUW, Mic-
yesux 3emsiempycie, Wo € eaxsiueum Ons1 sus4eHHs1 celicMiyHocmi pezioHy. Po3pobrnieHa modudpikayiss Mampu4yHo20 memody Orsi mowupeHHs celic-
Mi4HUX X8Usb 8 aHi3ompornHux cepedosuwax Moxe 6ymu eukopucmaHa Osis1 6U3Ha4YeHHsI MeH30pa celicMiYHO20 MOMeHmYy y eunadky obmexeHol
Kinbkocmi cmanuit.
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ONPEAENEHUE ®OKAJIbHOIMO MEXAHU3MA 3EMNETPACEHUA B 3AKAPINATbBE

B pabome npedcmassnieHo meopuro pacrnpocmpaHeHusi celicMUu4ecKux 80JIH 8 aHU30mponHol cpede ¢ UCMOIb308aHUEM Mampu4yHO20 Memo-
Oa TomcoHa — Xackena, a makxe ornpedesieHUsi MexaHU3MO8 04a208 MeCMmHbIX 3emsiempsiceHull. Takue 3adayu ype3eblyaliHO akmyasbHbl Ons
u3syyeHusi celicMu4yHocmu 3akapnamabs U3-3a 02paHU4eHHO20 Kosluyecmea celicMu4ecKux cmaHyudl.

Lenbto pabomsi ssensiemcs pa3pabomka memoduku Osis1 MOCMPOEHUsI o151 nepemeujeHuli Ha ce0600HOU Mo08EePXHOCMU aHU30MPOIMHOU cpe-
Obl U onpedesieHUs1 MexaHU3MO8 04a208 MEeCMHbIX 3emMsiempsiceHull epagpuyeckum memodom. Cymb 2paghuyecko2o Memooda 3aksrovyaemcsi e
ucrnosib308aHuUU celicMuYecKux 3anucell Ha CMaHYusix ¢ HeMOYHbIM ecmynsieHueM npsiMbix P-eonH. Kak ecnomMozamenbHbliii napamemp e pa6ome
ucnosnb308aHoO omHoweHue amnaumyo npsiMmbix P u S eosH.

Pe3ynbmamsbi npednoxeHHbIx 1oAx000e Moka3aHO Ha Npumepe UcnoJsib308aHus 3anuceli cobbimusi 04.0.2013 2. e palioHe c. H. Cenuuwe (¢ =
48.1977; A = 23.4663; h = 1.73 km, ML = 2). B yacmHocmu, npedcmaeJsieH cpagHUMesbHbIlU aHanu3 celicMo2paMm, Mosly4eHHbIX MampuYyHbIM Memo-
doM, € peasibHbIMU 3anucsiMu, noomeepxoarowuli 803MOXXHOCMb UCMO/Ib308aHUs1 Memoouku Onsi onpedesieHUsi Nnapamempos8 ucmoy4Huka. Ha
ocHoege 2paghudecko20 MemooOa 05l onpedesieHUs1 MexaHU3MO08 04a208 MeCMHbIX 3eMsiempsiceHull Nosly4YeHbl crieKmpasnbHble U 2eoMempuvecKue
napamempbl UCMOYHUKa: celicMu4deckuli MOoMeHm, paduyc cdsuaoeoli ducsiokayuu, niowadb pa3pbliea, CPeOHII MOJ8UXKY Mo pa3pbigy, c6poc
HanpsikeHusi, 3Hep2uro U MazHuUmyay.

Hay4Hasi Hosu3Ha pabombi 3akno4aemcsi 8 paspabomaHHoU Memoduke onpedesieHus1 MoJsisi nepeMeweHull 8 cly4ae aHuU30mpoIrnHoU cpedbl C UC-
nosb308aHUeM Mampu4Ho20 Memoda, a makxe pazsumusi 2pagpuyecko2o Memoda Orisi TOCMPOEHUsI MEXaHU3MO8 04Ya208 3emiempsiceHuli 3akapna-
mbs1 @ c/ly4ae oepaHU4eHHO20 Kosiuvyecmea cmaHyud.

lMpakmuyeckasi 3Ha4uMocmb pabombl 3aK/Il04aencs 8 MoM, Ymo Ha ocHoee pa3pabomaHHbIX M0Gx0008 s1esisiemcsi 803MOXHOCMb onpedersie-
HUs1 napamempoe o4a208 MeCMHbIX 3eM/IempsiCeHuUll, Ymo 8aXKHO OJisi uly4yeHusi celicMu4Hocmu pezuoHa. PasapabomaHHasi Modugpukayuss mam-
PUYHO20 MemoOda O pacnpocmpaHeHus1 celicMUu4ecKux 80JIH 8 aHU30OMPOIHbLIX cpedax Moxem 6bimb Ucnosib308aHa Osisi onpedesieHUsI MeH30pa
celicMu4ecKo20 MOMeHmMa & c/ly4ae oepaHU4YeHHO20 Kosiudecmea cmaHyuu.





