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THE DETERMINATION OF SOURCE MECHANISMS OF SMALL EARTHQUAKES
BY MOMENT TENSOR INVERSION

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM ¢hi3.-mam. Hayk, npodp. b.I1. Macrnosum)

A method is presented for moment tensor inversion of only direct P-waveforms registered at only one station and a limited number of
stations. The method is based on an inversion approach described in where a version of the matrix method has been developed for
calculation of direct P-waves in horizontally layered half-space from a point source represented by its moment tensor. We describe a
procedure for retrieving the source mechanism of small earthquakes based on interactive inversion of seismograms and demonstrate its
application to two local earthquakes in the Boise region. The moment tensor inversion of seismogram data in this study is based on a
point source model. The process includes generation of synthetic seismograms using the matrix method for an elastic, horizontally-
layered, medium. In the paper, a method is presented for moment tensor inversion of only direct P- waves, which are less sensitive to path
effects than reflected and converted waves. This approach significantly improves the inversion method accuracy and reliability. A point-
source approximation is considered, with known location and origin time. Based on forward modeling, a numerical technique is developed
for the inversion of observed waveforms for time history of the components of moment tensor M(t), obtained by generalized inversion.

Keywords: seismic moment tensor, source mechanism, small earthquakes, matrix method.

Introduction. Earthquake source mechanisms are of
prime importance in the monitoring of local, regional and
global seismicity, because they reflect the stress pattern
acting in the area under study and may help to map its
tectonic structure. On a global scale, sources of information
are large and moderate earthquakes that occur in active
tectonic regions and are recorded by seismic stations
worldwide. Techniques for analyzing these data are well
established, that is, from first motion polarity readings
analysis to waveform modelling of surface and long period
body waves (Langston and Helmberger, 1975; Given et al.,
1982; Dziewonski and Woodhouse, 1983; Nabelek, 1984;
Sipkin, 1986). Advantages of such teleseismic studies
included the availability of recording stations that cover the
source region and the simplicity of waveforms and structures
involved at low frequencies. At regional and local scales
however, the scope for such studies is limited due to the
limited number of recording stations and their spatial
distribution. This leads to a problem in obtaining reliable
source information from regions where the majority of
earthquakes are small. As a result of the wide deployment
of highly sensitive digital seismic instruments, high quality
waveform data from small earthquakes can now be obtained
from regional or local networks. However, data from such
networks are not simple to analyze. Reasons for this include
the influence of heterogeneous structure between the
source and the recording station and the significant amount
of high frequency energy in the signal.

In general, the observed seismograms contain information
about the source, the path and the recording instrument. The
practical problem is to isolate information about the source by
correcting for the path and instrument effects. The effect of
the instrument is easily removed because the instrumental
response is known, on the other hand, isolating the path effect
relies on the (assumed) linear relationship between the
observed ground displacement and the seismic moment
tensor density (Gilbert, 1970; Stump and Johnson, 1977; Aki
and Richards, 1980; Jost and Herrmann, 1989). In practice,
however, complete isolation of the path effect has proved
difficult because a simple point source approach and flat
layered structure model are not always good approximations,

especially for high frequency data (Lay and Wallace, 1995).
As propagation effects can never be fully excluded, they give
rise to mislocation of the hypocenter and spurious source
complexities. To address the above problem, various
approaches have been developed based on moment tensor
inversion in the time or frequency domain (Saikia and
Herrmann, 1985; Kim, 1987; Fan and Wallace, 1991; Koch,
1991, a; Arvidsson and Kulhanek, 1994, Arvidsson, 1996; Zhu
and Helmberger, 1996; Shomali and Slunga, 2000; Singh et al.,
2000). These methods differ mainly in the nature of the
problem that sets the a priori constraints. In trying to minimize
the influence of the crustal structure, which is normally
associated with a time-shift of the various phases in a
seismogram, different segments of the seismogram, that is,
P, S, Rayleigh , Love etc., have been modelled separately
(Zhao and Helmberger, 1994; Nabelek and Xia, 1995). The
advantage of this approach is that each phase is aligned using
its onset time instead of the origin time. The various phase
shifts obtained can then be used to correct for the crustal
structure. Assuming that direct P and S phases from shallow
events at close epicentral distances are less affected by
crustal structure, Schurr and Nabelek (1999) managed to
obtain mechanisms for the aftershock sequence of the 1993
Scotts Mills event. Apart from modelling different segments of
seismograms mentioned above, simultaneous inversion of both
the source and the structure has been applied on full trace high
frequency data in weakly heterogeneous structure (Sileny et al.,
1992; Sileny and Psencik, 1995). In this approach, both the
hypocenter and the structure are allowed to vary in a limited
sense in order to obtain the best fit between the observed and
synthetic data. In areas of strong lateral heterogeneity the
approach has been modified by the use of different source—
receiver propagation structures that produce the best fit
(Mao et al., 1994; Sileny et al., 1996; Singh et al., 2000).
Ferdinand and Arvidsson (2002) used an interactive
inversion approach to demonstrate the retrieval of the
source parameters of three small earthquakes and
developed a modified model of structure along the
propagation path. Due to significant variation of structure
through out the Mbeya local network (Camelbeeck and
Iranga, 1996), a single station approach was used. Using
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trial and error, the initial structure along the propagation path
was modified to obtain the best fit between observed and
synthetic data. The final single station solution was then
used to generate synthetics for forward modelling of the
seismograms at other stations where the event was
recorded. Deviations between synthetics and observed data
allowed them to deduce structural differences along the
various propagation paths. Moment tensor inversion was
carried out by minimizing the L2 norm of the difference
between synthetic and observed displacement data under a
deviatoric condition. Results for the three small earthquakes
showed good agreement between single station and
multistation source solutions.

Currently, moment tensors are calculated by several
approaches: using amplitudes of seismic waves (Vavrychuk
and Kuhn, 2012; Godano et al., 2011), S/P amplitude ratios
(Hardebeck and Shearer, 2003), or full waveforms (Mai et
al., 2016; Weber, 2006, 2016). The inversion of full
waveforms is a widely used approach applicable on all
scales: from small to large earthquakes.

In this study, a method is presented for moment tensor
inversion of only direct P- and/or S-waves, which are less
sensitive to path effects modelling than reflected and converted
waves, which significantly improves the method' accuracy and
reliability. Based on forward modeling, a numerical technique is
developed for the inversion of observed waveforms for the
components of the moment tensor M(t), obtained by
generalized inversion. Addressing the problem of unavoidable
inaccuracy of seismic waves modelling, we propose to invert
only the direct P- and/or S-waves instead of the full field. An
advantage of inverting only the direct waves consists in their
much lesser distortion, if compared to reflected and
converted waves, by inaccurate modelling of velocity
contrasts. Thus, the direct waves, consequently, have a
much less distorted imprint of the source. An advantage, in
this connection, of choosing the matrix method for
calculation of the wave field consists in its ability to
analytically isolate only the direct waves from the full field.

Methodology. Our approach is limited to the far field
approximation of a point source. Following Aki and Richards
(1980), if a point source equivalent of the extended source
is assumed, the n-th component of the ground displacement
Un at an arbitrary position r at time t can be expressed as

Un (£) = Gnk, (t) @My (2), (1)
where Gnkj is the j th spatial derivative of the far-field
elastodynamic Green's function Gnk (r, x, f) for the Earth
between the source and receiver; My is the moment tensor
at the hypocenter point x and & denotes temporal
convolution. Assuming that all components of Mk;in (1) have
the same time dependence, say s(f), (1) becomes

Un (t) = Mk (Gni; (t) & (1)), (2)
where My is now a set of constants and s(t) is the source
time function. The intention is to use observed ground
displacements Un to infer properties of the source as
characterized by My .

A method, presented here, enables one to obtain the
focal mechanism solution by inversion of waveforms
recorded at only one station. The inversion scheme consists
of two steps. First (forward modeling), propagation of
seismic waves in vertically inhomogeneous media is
considered and a version of matrix method for calculation of
synthetic seismograms on the upper surface of the
horizontally layered isotropic medium is developed. The
point source is located inside a layer and is represented with
seismic moment tensor. The displacements on the upper
surface are presented in matrix form in the frequency and
wave number domain, separately for the far-field and the
near-field (Malytskyy, 2010, 2016; Malytskyy and
Kozlovskyy, 2014; Malytskyy and D'Amico, 2015).

Subsequently, only the far-field displacements are
considered and the wave-field from only direct P- and S-
waves is isolated with application of eigenvector analysis
reducing the problem to system of linear equations
(Malytskyy, 2016). Subsequently (inverse modeling),
spectra of the moment tensor components are calculated
using a solution of generalized inversion and transformed to
time domain by applying the inverse Fourier transform.

1. Forward modelling. Assuming that the point source,
represented by a symmetric moment tensor M(f), is located
within a stack of solid, isotropic, homogeneous, perfectly elastic
layers with horizontal and perfectly contacting interfaces, the
layers characterized by thickness, density, and velocities of P-
and S-waves, the following expressions have been obtained by
Malytskyy (2010, 2016) in cylindrical coordinates for the

() (0) (0)

displacements " (¢,7,¢), u,” (¢,r,9) and u.” (¢,7,¢) on
the upper surface of the half-space at z=0:

4O) 3=
[ Z ]: ZJ‘kZIfEI [m.g, ]dk ,

(0)
ur i=l ¢

us)o) = Z(’:Tk2‘]il:1 I:migcpi]dk ’ (3)

i=5
where
m,=M_coso+M sing, m,=M_,
my =cos’ - M +sin’ ¢-M  +sin2¢-M_,
m, =—cos2¢-M _+cos2¢-M, —2sin2¢-M_,
mg =M _coso—M_sing, (4)
m; =sin2¢-M  —sin2¢-M  —2cos2¢-M
Mxx, Mxy,..., Mzz are the Cartesian components of the
moment tensor M(w) representing the source located at r=0,
axis x pointing North and y East; ¢ is the station's azimuth
(Fig. 1); k is the horizontal wave number; functions
T
g =(8..8.)
between the source and the receiver (Malytskyy, 2010,

0 J, 0
5 ) L=l 5 ) L=1,, J,=J,

J, =J, are the Bessel functions of argument kr, and L is the
inverse Laplace transform, from frequency to time domain.

and gy contain propagation effects
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Fig. 1. Cylindrical and Cartesian coordinates of the source
and the station

Further, only the far-field displacements are considered
and the wave-field from only direct P- and S-waves is isolated
with application of eigenvector analysis reducing the problem
to system of linear equations (Malytskyy, 2016). The Eq. (3)
is then expressed in matrix form for only the direct P- and S-
waves on the upper surface of the half-space in frequency and
wave number domain (w, k) (Malytskyy, 2010):

U”=K-M, (5)
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where vector U = (U“”P UM, ul’, us, v, UO)S)

contains the six Cartesian displacement components of
direct P- and S-waves; vector

M =(M_, M_,M_ M, M, M) consists of the

zz? xx 2 w?

six independent Cartesian components of moment tensor M,
matrix K accounting for path effects and transformations
between the Cartesian and cylindrical coordinates:

K\ Ky, K5 K K K
K3\ Ky Koy Koy Ko Ko
K K! K K, K. K%
Kj K3y Ky Ky Ko Ko
KS K, K5, Ko, K Ky
Ko Ko Ke Koy Kes Kgg

When only the direct P-waves are used, matrix K
reduces to

K, K, K5 Ky K5 Kjg
K’ = K; KZP2 Kz’; K; KP KP
K3y K5, Ky K3, K K
Thus, the Eq. (5) can be written only for the direct

P-waves in the matrix form:
U K> M , (6)

T
where U”" = (U;O)P, Uy, U;O)P) defines the observed

amplitudes of the direct P-waves, and the components of
matrix K” are

2k*J (k
K] =cos’ w-f%gﬂ dk ,
0 Y

2

K- =cos M ? dk
2= QsinQ- I 2 &g.ar,

“’sz kr
K5 =cosg [ LD o1 gy

o 2m

“k*J, (K
Kﬁ=cos3(p'JMgf3 dk

o 2T

“k*J, (kr
K/ :COS(pSinz(p-I—l(_ )gg dk
]
K =cososin2¢ j g dk,
0
ki
K} =sin@cos¢- Iﬁgﬁdk,
21y
P CTE
0
K;—sm(pj (k) ghdk ,
. 2m
ki
K2, =cos’ @sin- J.& gl dk ,
2m

k*J, (K
K5 =sin’ (P'J.#gf}dk :
0 Y

ki
K;, =sin@sin2¢- J.M gldk
2m

”sz ki
K =coso I 21(.r)g; dk
o <Y
o ZJ k
Kfz—sm(p-j 21(.}’) 1 dk,
o <Y
ookZJ ( )
kP = 0 P dk |
3 _([ 2 8
“k*J, (k
K;:coszqr.[ 0(. 7) L odk,
AL
Tk, (k
K;:s1n2(p-j 0(. 7) " dk,
AL
k*J, (kr
Ky, =sin2¢- J‘# gl dk.

2. Inversion modeling. Now, that a direct relation
between the moment tensor and the displacements on the
free surface of the half-space is defined by Eq. (6), the
moment tensor can be determined from the displacements
by inverting the relation.

A least-squares solution to the over-determined system
of Eq. (6) for M (for there are 3 x k x w equations in total for
6 x w unknowns) can be obtained by generalized inversion
(Aki and Richards, 2002):

M= (KPKP)—IKPU(O)P , )

where the tilda denotes complex conjugation and

transposition, and -1 inversion and (K'K”)'K” is the

generalized inverse of KP.

Thus, since all the six independent components of
moment tensor M contribute to the waveforms U@ at only
one station in the over-determined system of Eq. 6, the
inversion scheme of Eq.7 should enable, at least
theoretically, to obtain a unique solution for each of them.
Within the limitations of the current source presentation and
path effects modeling, the solution is exact and convergence
is reached after a single iteration. The inverse problem in
this case consists of determining the parameters of point
source under the condition that the source location and
origin time is known, as well as the distribution of velocities
of seismic waves between the source and the station.

Eq. (6) can be expressed in matrix form for direct P-waves
at N stations (i = 1,...,N) in the spectral domain:

M =U?

()

U;O)p — (Ugo)p’ U;O)p’ . Ug))p) T

The vector M of moment time functions is obtained using
the generalized inversion.

= G6) ¢ U

Application. In this section, the proposed inversion
method is tested by applying it to two earthquakes from the
Southeast Idaho region in the USA: one of them (event 1)
has a known focal mechanism and the second (event 2) —
has a unknown focal mechanism. 1D crustal model used in
all the inversions of waveforms is listed in Table 1. The
duration of direct P-waves at a station is estimated visually
from the records, and accounting for the delays of reflection-
conversion phases at the station corresponding to the model
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(Table 1) at a respective epicentral distance and source
depth (Pang et al., 2018).

Table 1
1D crustal model used in this study (Shemeta, 1989)

Fig. 2 shows the observed seismograms for the event 1
at stations AHID (42.77N, —111.10E) and IMW (43.89N, —

110.94E) and for the event 2 at stations HLID (42.56N, —
114.41E) and MFID (43.42N, —115.83E). Table 2 gives
location parameters and magnitudes of these events. The
components of moment tensor M(t) were obtained for the
earthquake of 2017/09/02 (event 1) by inverting its direct P-

Depth, km | Velocity V;, km/s Velocity Vs, km/s wave forms at only the station AHID (at epicentral distance
0.0 4.75 2.73 of 32 km) (Fig. 3, a) and at only at the stations: AHID (at
g';g g'gg gg; epicentral distance of 32km) and IMW (at epicentral
19'_10 6:80 3:89 distance of 144 km) (Elg. 3, b). The components of moment

2110 8.00 457 tensor M(t) were obtained for the earthquake of 2019/05/16

(event 2) by inverting its direct P-wave forms at only the
stations: HLID (at epicentral distance of 114 km) and MFID
(at epicentral distance of 178 km).

Table 2
Events used in this study
Event number Date Latitude Longitude Depth (km) Magnitude Origin time (UTC)
1 2017/09/02 42.65°N -111.45°E 9.50 MWS5.3 23:56:52.00
2 2019/05/16 44.578°N -114.298°E 6.91 ML2.4 09:08:57.00
2017-09-02T23:56:50.005 - 2017-09-02T23:57:49.98 2017-09-02723:56:50 - 2017-09-027T23:57:49.975001
0000015 { (e US AHID.00 BHZ
b0t 0.00006
0000005 0.00003
— " J‘l' " ‘l'. il ‘M’JMJNW»' 0.00000 ‘WWMW’W’VN‘N\W
~0.000005 #0.00003
~0.000010 -0.00006
0000010
0000005 0.00003
a00GG0 A #‘n'l 000000 4
~0.000005 ~0.00003
~0.000010 0008
~-0.000015
0.000010 0.00006
0.000005 000003
0000000 000000
=0,000005 -0.00003
~0.000010 ~0.00006
2017-09-02T23:57.05 235720 235735 2017-09-02T23:56:50 23:57.05 23:57.20 235735
2019-05-16T09:08:50 - 2019-05-16T09:09:50 2019-05-16T09:08:50 - 2019-05-16709:09:50
le-8

le-8

45
US HLID.00 BHZ

-45 {le-8

15
0.0
-15

45 4 (USHUID.00 BH1

le—8

154

-30

-45

US_HLID.00 BH2]

W_MFID.00 BHZ

-3 {le-8

N L

3 (wmriD.00 BRI

=3 le—-8

o
-1

*| (W00 812

2019-05-16T09:08:50 09:09:05 09:09:20 09:09:35 09:09:50 2019-05-16T09.08:50 09:09.20 09:09.35 09:09:50

b
Fig. 2. a — The waveforms (seismograms) recorded at stations AHID (42.77N, —111.10E) and IMW (43.89N, —110.94E)
(https://learthquake.usgs.gov/earthquakes/eventpage/us2000aekg/executive, event 1) after transform to displacements;
b — The waveforms (seismograms) recorded at stations HLID (42.56N, —-114.41E) and MFID (43.42N, —115.83E)
(https://learthquake.usgs.gov/earthquakes/eventpage/mb80344114/executive, event 2) after transform to displacements.
These records were used for a determination of seismic tensor by inversions of waveforms
(see Fig. 3 and Fig. 5) using direct P-waves

09:09:05
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Fig. 3. a — components of moment tensor M(t) obtained for the earthquake of 2017/09/02 (event 1)
in the Idaho region by inversion of its direct P-wave forms only at the station AHID; b — at the stations AHID and IMW

Moment tensor components resulting from the inversion of
only direct P-wave forms at only the station AHID (Fig. 3, a) and
the inversion of only direct P-wave forms at the stations AHID
and IMW (Fig. 3, b) and the corresponding versions of focal
mechanism for the event 1 are shown in Fig. 4.

Moment tensor components resulting from the inversion
of only direct P-wave forms at the stations HLID and MFID
(Fig. 5) and the corresponding version of focal mechanism
for the event 2 are shown in Fig. 6.
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Fig. 4. Versions of focal mechanism for the earthquake that occurred on 2017/09/02 in the Idaho region
(to=23:56:52.00 (UTC), hs=9.50 km, ¢ =42.65°'N, A = -111.45°E, Mw = 5.3):
a — from https://earthquake.usgs.gov/earthquakes/eventpage/us2000aekg/executive;
b — corresponding to components of seismic tensor obtained by the proposed inversion of waveforms at only station AHID (42.77N, —111.10E)

(see Fig. 3, a); c — corresponding to components of seismic tensor obtained by the proposed inversion of waveforms at stations:

AHID (42.77N, —111.10E) and IMW (43.89N, —110.94E) (see Fig. 3, b)
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by inversion of direct P-wave forms at the stations HLID and MFID
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inversion of waveforms at stations: HLID (42.56N, —114.41E) and MFID (43.42N, -115.83E) (see Fig. 5)
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Fig. 7. Displacement seismograms at the station HLID (a — displacement at x-component; b — displacement
at y-component; c-displacement at z-component) calculated by matrix method using the moment tensor M(t) determined for
the earthquake of 2019/05/16 (Fig. 6) and the 1D crustal model listed in Table 1 (upper graphics) and the seismograms observed
at the station (down graphics). Markers show the arrive of P-wave. The seismograms are filtered in the range 0.5-2.0 Hz
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Discussion. In the paper, a possibility is explored of
retrieving the components of seismic moment tensor from
only direct P-wave forms at single station or at several
stations. It is theoretically shown that the displacements at
every single point on the upper surface of horizontally
layered and perfectly elastic half-space generated by the
point source represented by time-varying symmetric
moment tensor depend on all of its six components, which
can therefore be retrieved by inverting the dependence.
Choosing to invert only the direct P-waves, calculated by
matrix method, instead of the full field, enables to reduce the
effects of the half-space model inaccuracy, reflected and
converted phases being much more distorted by it.

The assumption of horizontally layered half-space, as
well as the distribution of seismic velocities in it, may
however turn out grossly incorrect in fact. Combined with
inaccurate knowledge of source location and origin time,
as well as with a number of the other uncertainties, such
as introduced by seismic noise in the observed
seismograms etc., it may almost completely obscure the
source imprint in the seismograms, and especially in those
originating, as it is, from only one station, turn the moment
inversion ill-defined and lead to an intractable solution.
That is why some independent means of control are
needed for the results of any single station (and/or limited
number of stations) inversion.

With this aim, we first propose to compare the
mechanisms independently determined for the same
earthquake from its waveforms at different single stations.
For the earthquake of 2017/09/02 (event 1) they turn out
almost indistinguishable between the stations AHID and
(AHID and IMW) (Fig. 4), which at least means that despite
all the uncertainties the unique solution exists and is
reproducible. Next, synthetic waveforms at the stations
HLID are calculated using the mechanism determined for
the earthquake of 2019/05/16 (event 2) and compared with
the waveforms observed at the station, the synthetics and
observables appearing to correlate well in horizontal
component Ux and in vertical Uz although slightly less in
horizontal component Uy (Fig. 7). Finally, focal mechanism
solutions for the earthquake of 2017/09/02 determined here
by inversion of waveforms (Fig. 4, b, c) are compared from
https://earthquake.usgs.gov/earthquakes/eventpage/us200
Oaekg/executive (Fig. 4, a).

Conclusions. In the paper, a method is presented for
moment tensor inversion of only direct P-waveforms
registered at only one station and a limited number of
stations. The method is based on an inversion approach
described in (Malytskyy 2010, 2016) where a version of the
matrix method has been developed for calculation of direct
P-waves in horizontally layered half-space from a point
source represented by its moment tensor. Using the method
presented in the current paper, focal mechanisms of the two
earthquakes from the Idaho region of USA are retrieved. The
mechanisms independently determined for the same
earthquake from its waveforms at different single stations
turned out almost identical (event 1). A conclusion is drawn
out that the method will be useful when focal mechanisms
cannot be obtained by other methods, the problem typical
for the regions with low seismicity and insufficient number of
seismic stations.
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BU3HAYEHHA ®OKAJNIbHUX MEXAHI3MIB MAJNIX 3EMJIETPYCIB
LUNAXOM OBEPHEHHS IXHIX XBUITbOBUX ®OPM

lpedcmaeneHo memod 0151 USHa4Y€HHSI MEH30pa CelicMiYHO20 MOMEHMY 3 8UKOPUCMAaHHAM MinbKu npsMux P-xeunb, siki peecmpyombcsi Ha
OO0Hill i Ha o6MexxeHill kinbkocmi cmaHyili. Memod 6a3yembcsi Ha po6omax aemopie, y sIKux po3euHyma eepcisi MampuyHo2o Memody Onsi o64yuc-
J1IeHHSs1 Non1si nepeMiueHb MinbKu 0ns npsAMux P-xeurnb, siki NoOwuporombcsi 8 20pU30HMalbHO-Wapyesamomy rnienpocmopi ei0 moykoeozo dxepena,
wo npedcmaesieHO MeH30pPoM celicMiyHo20 MomeHmy. Mu onucyemo npoyedypy eu3HavyeHHs1 ¢hoKaslbHO20 MexaHi3My mManux 3emaempycie i noka-
3yemo i 3acmocyeaHHs1 Ha npuknadi deox micyesux 3emnempycie, siki id6ynucsi e pezioHi M. bolize (CLUA). BusHa4yeHHs1 meH30pa celicMiYyHO20
MoMeHmy winisixom o6epmaHHs IXHix xeunboeux ¢hopm 6a3yembcsi Ha MoyYkosili Modesi dxepena, a makox Ha Memodi A5 uU3Ha4YeHHs1 cCuHmemu-
4HUX celicMo2paM 3a 00MOMO20H0 Mampu4HO20 Memody O1sl XeUslb, sIKi MOWUPIOOMbCS 8 NPYXHOMY, 20pU30HMalbHO-WapyeamomMy cepedosuuli.
Y po6omi noka3aHo, w0 o6epHeHHs nuwe npsiMux P-xeunb do3eosisie 3MeHwWuUmMu enjue HemoyHocmi modesi cepedosuuwia, OCKinbKU nNpsimi xeuni
3a3Haromb Haba2amo MeHWOo20 CMOMEOPEHHs Yepe3 Hemo4Hicmb, aHiX 8idbumi i kKoHeepmoeaHi. Ljeli nidxid 3Ha4HO noninwye moy4Hicms i Hadili-
Hicmb Memody 06epHeHHsI Xeusibo8ux ¢hopM Osisi BUHAYEHHS (hOKaNIbHO20 MexaHi3My. BozHuuje 3emnempycy po3ansdacmbcsi siK MoYkKosee i3 3a-
30anezidb eidoMuM po3mauwiyeaHHsIM i YacoM 8UHUKHEeHHS1. Ha ocHoei po3e 3Ky npsimoi 3adayi Ui 3 sUKOpUCMaHHSIM M. 38. PO38 'sI3KY y3a2aslbHeHO20
o06epHeHHs1 po3po6ieHo an2opumm o6epHEHHS CIIOCMepeXy8aHUX XeusIbo8uX hopM 3 MEMOIO 8U3HAYEHHST KOMITOHEHM celicMi4Ho20 meH3opa M(t).

Knroyoei cnoea: meH3op celicMiyHo20 MOoMeHmYy, hokanbHuUll MexaHi3M, Masi 3emaempycu, Mampu4yHuUli Memoo.
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OMPEAENEHUE ®OKAJNbHbIX MEXAHU3MOB MAIbIX 3EMJIETPACEHUN
NYTEM OBPALLEHUNA NX BOJTHOBbIX ®OPM

IMpedcmaenexs Mmemod Ansi onpedeneHusi meH30pa celicMU4ecKo20 MOMeHMa C UCMoJIb308aHUEM MOJIbKO NPsIMbIX P-80s1H, pecucmpupyembix
Ha 00HoU u Ha oepaHUYeHHOM Kosiudecmee cmaHyuli. Memood ocHoeaH Ha nodxode, onucaHHOM 8 pabomax aemopos, 8 KoMmopbIx pa3euma eepcus
Mampu4Ho20 Memoda 05151 8bI4UCIEHUs MOJIsl NepemMeuw,eHuli mosibKo O1si NPsIMbIX P-e0snH, Komopbie pacnpocmpaHsilomcsi 8 20pU30HMasbHO-CI10-
ucmom nostynpocmpaHcmee om mMo4Ye4yHo20 UCMOYHUKA, npedcmaesieHHo20 MeH30poM celicMu4ecko2o MomMeHma. Mol onuckieaem npouedypy
onpedesnieHusi hokasibHO20 MeXaHU3Ma Masbix 3eMiempsiceHull U Mnokasbieaem ee NpuUMeHeHUe Ha npumMepe 08yx MeCMHbIX 3emrempsiceHuli, Ko-
mopsble npou3owsiu 8 pe2uoHe 2. boli3a (CLUA). OnpedeneHue meH30pa celicMu4ecKo20 MOMeHma nymem obpaujeHusi ux 80JIHO8bIX ¢hopM b6a3upy-
emcsi Ha mo4ey4Hol MoOeslu UCMOYHUKa, @ makKxXe Ha Memoode 7151 ornpedesieHUs1 CUHMeMu4ecKux celicMo2paMM ¢ MOMOWbLI0 Mampu4YyHo20 memoda
0On1s1 80JIH, pacnpPoCMpaHsIroUWUXCs 6 ynpyaoll, 20pu3oHmasnbHo-crioucmoli cpede. B pabome rnokasaHo, Ymo o6paujeHue mosibKo npsiMbix P-eosH
rnoseorssiem yMeHbWUMb 8JUsIHUE HeMOYHOCMU Modesiu cpedbl, MOCKOJILKY MPsIMble 80JIHbI UCMbIMbIGatOM 20pa300 MeHbWUE UCKaXeHUsl, YeM
ompaxeHHble u KoHeepmupyembie. IMom Nodxod 3Ha4yumMesibHO yy4waem mo4YHocms U HadexxHocmb Memoda ob6paujeHusi 0/IHO8bLIX ¢hopM Onst
onpedeneHusi hokanbHO20 MexaHu3ma. Oyaz 3emsiempsiceHUs1 paccmampueaemcsi Kak moYeyHblil, ¢ U38eCMHbLIM PAcriofIoKeHUeM U 8peMeHU 803-
HukHoeeHus1. Ha ocHoee peweHus npsiMoli 3adayu u ¢ ucnosib3oeaHueM 0606u,eHH020 obpawieHusi paspabomaH anzopumm obpaujeHusi Habnrode-
HUul 80/IHO8bIX (hOPM C UesbIo onpedesieHuUsi KOMMIOHeHM celicMuyecko2o0 meH3opa M (t).

Knroueenie crnosa: meH3op celicMu4ecKko20 MOMeHMa, ¢hoKasibHbIl MexaHU3M, Masible 3eMIempsiCeHusi, Mampu4HbIli Memoad.



