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RELOCATING EARTHQUAKES IN CLUSTERS BASED ON VARIATIONS IN THE
INTERVALS BETWEEN THEIR FIRST P- AND S-WAVES

The length of the interval between the first P- and S-waves is routinely used as a rough estimator of
epicentral distance. We propose an algorithm for the relocation of earthquakes occurring in clusters, based on the
simultaneous comparison of a large number of intervals. Variations in the intervals at each station are measured
by cross-correlation between the respective portions of records directly and without a reference to any absolute
times. In the current version of the algorithm, it is assumed that the size of the cluster is much smaller than the
distance to the stations; the azimuths of the stations, as well as the angles of the emergence of the first P- and S-
waves, are more or less accurately known for at least one (reference) earthquake; and the rays of the first waves
lie in the vertical plane that contains the earthquake and the station. Under these assumptions, the relationship
between the locations and the variations in the intervals becomes purely geometrical and linear, and the
corresponding system can easily be solved. A series of synthetic experiments with different numbers and
configurations of stations, levels of noise in the observed data, sparse data, and inaccuracies in azimuths and
angles of emergence have demonstrated the stable and reliable performance of the algorithm and its potential
applicability to real data. Due to the large number of constraints on each location, the algorithm can be used
primarily in the case of small earthquakes or sparse networks when a large portion of data is missing. It can be
used independently, to validate the locations determined by other methods, or be integrated into them, thereby
improving their reliability by providing a large number of additional constraints.

Key words: earthquake locations, relocation, cluster earthquakes, interval between first P- and S-waves,
cross-correlation.

Introduction earthquakes with a single station [Robinson, et al.,
2007, 2013; Gnyp, 2013, 2014]. Often, the
performance of the approaches can be further
improved by combining them with each other as well
as with more traditional location algorithms [Harris &
Douglas, 2021].

When relocating earthquake clusters in the
Carpathian region of Ukraine [Gnyp, 2010, 2022;
Gnyp & Malytskyy, 2021], we also analyzed the
variations in the differential intervals between the first
P- and S-waves at each station and found that they
correlated well with the changes in location obtained
by using the differential arrival times of only
P-waves. Although the analysis was then considered
only auxiliary, the idea arose that the variations in
S-to-P intervals themselves could be used to locate
earthquakes. The advantage of variations seemed to
be that they were not only independent of the source
times but even of the absolute values of the intervals
themselves and could easily be measured by the cross-
correlation between the corresponding waveforms.

Small earthquakes, much more frequent than large
ones, provide a wealth of invaluable information for
many applications of seismological research. Recent
staggering advances in real-time access to an ever-
increasing volume of seismological data make their
use even more feasible. The problem of improving the
location accuracy of small earthquakes has remained
the focus of seismological research for many decades.
Although a wide variety of approaches have been
proposed, most of them are based on exploiting the
similarity of the waveforms of small earthquakes
occurring in clusters. In earlier works, the differential
arrivals of P- and/or S-waves corresponding to the
cross-correlation maxima with the so-called master
event were most often estimated [Shearer, 1997;
Shearer et al., 2005]. Double differences between
travel times for pairs of events were then introduced,
minimizing the problem of spurious absolute arrivals,
especially of S-waves, as well as the problem of a
poorly known velocity structure [Waldhauser et al.,
2000]. On the other hand, the absolute values of the

cross-correlation between body waves [Menke, 1999] Algorithm

and coda waves [Sneider & Vrijlandt, 2005] were
implemented in estimators of source separation
between two earthquakes that can be used to locate
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By comparing the intervals between the first P-
and S-waves, one can judge which of the earthquakes
is closer to the station; by comparing them at different
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stations, roughly estimate the location of the earthquake.
Our algorithm is based on the simultaneous
comparison of the intervals for a large number of
earthquakes. The difference DDspé“ between the

intervals for a pair of earthquakes i and j at station k is
defined as

DDSPiEk) =t® +8M - (1% + p®) - (tgk) " S(jk’) " tgk) " Pj(k) ,
= Sgk) _ S(jk) _ (pi(k) _ pJ(k)) ,
= DS} - DR,
in which t; and t; are the source times, S¥, s<jk>, P,
and pj(k> are the travel times of first P- and S-waves,
DP{ and DS are the travel time differences between

earthquakes i and j measured by the cross-correlation
between the corresponding waveforms at station Kk,
i, j=1,..,N,and k = 1,....K. For N earthquakes,

there will be N(N-1) pairs and the same number (or
sometimes lesser) of differences (observations) at
each station.

Before establishing the dependence of the
difference between the P- and S-wave intervals for
a pair of earthquakes on their coordinates in the
local Cartesian system (Northing, Easting, Z), we
assume that since the cluster size is much smaller
than the distance to the station, (i) the ray paths are
almost identical outside the cluster, and the travel
time differences arise inside the cluster and are the
same as at the station; (ii) the changes in the station
azimuth and angles of the emergence of P- or S-
waves due to changes in the location are very small
and can be neglected. It is also assumed that the
rays lie in a vertical plane containing the earthquake
and the station, and P- and S-wave velocities (vp and
Vs) are known and uniform within the cluster.

Y

Fig. 1. A scheme for the calculation of difference between the ray paths
from earthquakes 1 and 2 with coordinates Xy, Y1, z1, and X», Vs, Z»
in the local Cartesian system. A horizontal projection is on the left,
and a vertical one is on the right. Earthquakes are indicated by red and green stars, and the station
that is actually much further away is indicated by a blue triangle. a is the angle of emergence.

Then, at station k, the differences D_r}’ and
D,y between the ray paths of the first P- and

S-waves with angles of emergence o® and B(k) can be
calculated for earthquakes 1 and 2 from their
coordinates Xi, Y1, z;, and X,, Y., Z» in the local
Cartesian system, as shown in Fig. 1. Since
earthquake 1 is placed at the zero coordinates (Xy, Y1,
7, © 0), the horizontal projection of D_r% can be
obtained as a radial coordinate in the system rotated
by the station's azimuth Az® (Fig. 1, on the left):
Y, = =X, sin(-Az%) +y, cos(-Az¥),

in which 'y, is the horizontal projection of
D,r¥ . Similarly (Fig. 1, on the right), D, r%
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itself is calculated by rotating the system in the
vertical plane by the angle of emergence (a® or
Bw):

D.rY = -y,sin(-a¥) +z, cos(-a®),

and
D, 1Y) = =(-x,sin(-Az%) +y, cos(-Az"))sin(-a") +
z,cos(-a"), )

with the axis Z directed upwards.
For a pair i and j, Daﬁfk) can be obtained in a
system with zero coordinates translated to x;, Vi, z:
Dar = ~(-(x; - x)sin(-Az®) +

(y; - yi)cos(-Az¥))sin(-a®) + (z; - z;) cos(-a®) -
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Then, since
DSY - DP{’ =D, 1 /v -D, /v,
DDSP{¥ = (((x; - x;)sin(-Az"¥) -
(y; - i) cos(-Az))sin(-p%) + (z; - z,) cos(-p¥)) /v -
(((x; - %)sin(-Az9) - (y, - y;) cos(-Az"))sin(-a¥) + A
(z; - z;)cos(-a)) / v, - ()
After introducing the expressions
da® =sin(-Az®)sin(-p*) /v, -
sin(-Az®)sin(-a™) /v, ,
db® = -cos(-Az")sin(-p*) /v +

cos(-Az")sin(-a®)/v,,
dc™ = cos(-p™) /v, - cos(a™)/v,,
we obtain the more compact expressions for the
differences (2):
DDSP® =da®(x; - x) +db® (y, - y,) +dc®(z, - z,). (4)
The equations (4) are linear with respect to the
coordinates, and can be easily solved if angles o®
and g%, and Az are known.
After introducing vectors
X © (X2, Y2, Z2, Xa, Y31 Zay - s Xn Yoo 20) ®)
and DDSPY © (DDSPY’, DDSPY, ..., DDSP{Y,

DDSPY’, DDSPY, ..., DDSPY, ..., DDSP{,, .

3

DDSP{,,,, DDSPY,, )", (6)
equations (4) can be presented in matrix form:
D®X = AASP®, @)

in which the matrix D% consists of the expressions (3)
for a®, b® and c®, and its dimensions are (N-1)-N/2 ~
3-(N-1). The structure of the system is transcribed in
Appendix 1.

After introducing matrix D and vector DDSP

éDY U ¢AASPY U
DoéD 1] AAspoéAASP U
¢ MU ¢ m U
N é U
60" g BAASP™) g
the system of equations for K stations is obtained:
DX =AASP, ©)
in which the dimensions of matrix D are K-(N-1)-

N/2 ~ 3-(N-1).

Locations X of the earthquakes relative to
earthquake 1 can be obtained by solving the linear
system (8):

X =D"AASP. )

Synthetic experiments

Next, we conducted a series of synthetic
experiments to test the performance of the algorithm
depending on the number and configuration of

stations, level of noise in the observed data, data
sparsity, and inaccuracy of azimuths and angles of
emergence. In these experiments, the synthetic
earthquakes were located randomly along the two 3D
lines intersecting at zero coordinates, thus defining an
imaginary rupture plane (Table 1, Fig. 2). Variations
in the intervals between S- and P-waves were
generated for the original locations and used subsequently
to recover the locations by solving the corresponding
linear system.

Table 1

Coordinates of synthetic earthquakes
in the local Cartesian system

EW, km NS, km Z, km
1 0.00 0.00 0.00
2 9.00 9.00 9.00
3 -1.00 -1.00 -1.00
4 -2.00 -2.00 -2.00
5 8.00 8.00 8.00
6 -3.00 -3.00 -3.00
7 4.00 4.00 4.00
8 6.00 6.00 6.00
9 7.00 7.00 7.00
10 5.00 5.00 5.00
11 9.00 -5.85 1.35
12 -1.00 0.65 -0.15
13 -2.00 1.30 -0.30
14 8.00 -5.20 1.20
15 -3.00 1.95 -0.45
16 4.00 -2.60 0.60
17 6.00 -3.90 0.90
18 7.00 -4.55 1.15
19 5.00 -3.25 0.75

Table 2

Azimuths of the stations and the angles
of emergence of first P- and S-waves (a, b)
used for calculation of variations in synthetic
S-to-P intervals

Az, deg a, deg b, deg
RAK 97.00 73.58 40.48
BMR 199.60 78.00 32.06
MEZ 343.30 79.60 28.85

Experiment 1: The impact of the number
and configuration of stations

To avoid data inconsistency and bring our
simulations closer to reality, we used the same station
azimuths and angles of emergence (Table 2) as during
the relocation of the Carpathian cluster in Teresva
[Gnyp & Malytskyy, 2021]. Velocity vp was set at 5
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and vs 3 km/s inside the cluster. Since the azimuth of
the station is the same for all earthquakes, the
tangential changes in the location do not affect the
differences in the intervals (Fig. 1), and data from
only one station is insufficient. (That is also why the
coefficients a®, b®, and c® in (4) are the same for all
pairs of earthquakes.)
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Fig. 2. 3D locations of synthetic earthquakes
(Table 1) and the hypothetical rupture plane
defined by them. Here and further, the original
locations are shown as empty squares, and their
projections are shown as empty circles. The
locations are approximated by a surface (the blue
wire grid) using the method of correlation grids
[Davis, 1986].
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Fig. 3. Azimuths of stations and angles of
emergence of first P- and S-waves (indicated by
circles and diamonds, respectively) (Table 2)
used for the calculation of variations in the
synthetic intervals between S- and P-waves.
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Fig. 4. The locations of earthquakes (Table 1,
Fig. 2) recovered based on variations in the
synthetic intervals at two stations (RAK and

BMR). Here and further, the recovered locations
are shown as cyan squares, and their projections
are shown as purple circles. At the bottom, the
variations in the intervals are plotted.

With two stations, the locations remain not
uniquely constrained either. In the case of the BMR
and RAK stations, in particular, the rank of the linear
system turned out to be deficient, and only the least-
squares solution could be estimated (Fig. 4). From the
figure, it can be seen that the recovered locations do
not exactly coincide with the original ones, although
they still lie along the two perfectly straight lines, and
in the same sequence, and belong to the same plane
defined by the lines (Fig. 5). The entire set of them
rotates, however, about the reference earthquake, and
its shape is distorted depending, as experiments with
other pairs of stations have shown, on the station
azimuths and angles of emergence. On the other hand,
the variations for the least squares locations turned out
to be identical to the original ones with an accuracy of
~ 10™, which only confirms that the solution is not
unique. At the same time, the same least squares
locations were obtained each time after the
calculations were repeated. This in turn means that at
least the least squares solution is unique and stable
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and can still appear useful if there are only two
stations. In the absence of noise, however, the exact
recovery of locations was achieved for all possible
configurations of three or more stations (Fig. 6).

0 7/\\(&“

10

Fig. 5. The sets of original locations (top) and
locations recovered based on variations in the
intervals at stations RAK and BMR (bottom), the
same as in Fig. 4, rotated to better show their
similarity.

Experiment 2: The impact of noise

The presence of noise in the observed data was

modeled as
AASP®™ = AASP® + (0.5 - Ran)r,

in which DDSP™ are the noised variations in the
intervals, DDSP® are the original ones, Ran is the
vector of random numbers uniformly distributed in the
interval between 0 and 1, and r is a coefficient. Since
the noise in the travel time differences measured by
cross-correlation is independent of their absolute
values, we deliberately scaled it by the same factor r.

However, the absolute values of the differences
themselves depend on the actual distances between
earthquakes, so the same r will result in a relatively
higher level of noise for the closer pairs (or for the
smaller clusters in general). To be able to compare the
results for the clusters of different sizes, we measured

the average level of noise using the relative norm:

NN DK/2

g a

i=1

r (AASP - AASP|/ AASPY2/
[/}

(N(N-1)K/2).

With the same three stations (BMR, MEZU, and
RAK) as previously, we then compared the locations
recovered for the same synthetic earthquakes at
different levels of noise r with their original ones. The
locations recovered for r equal to 0.2 and 0.5, as well
as the diagrams of AASP® and AASP", are shown

in Figs. 7 and 8. The absolute values of the relative
norm r~ were 0.17 and 0.40, respectively. Even at such
a high value of r” as 0.40, the results may only seem
satisfactory: although the original lines of synthetic
earthquakes are no longer easily recognized, the plane
remains almost unperturbed, as does its orientation.

10 -10

Fig. 6. The locations of earthquakes
(Table 1, Fig. 2) recovered based
on variations in the synthetic intervals at 3
stations (RAK, BMR, and MEZ).

However, the size of our synthetic cluster (with
a side of about 20 km) was rather large, and
significantly larger, in particular, than the size of the
Teresva cluster of 2015 (with a side about ten times
smaller) [Gnyp & Malytskyy, 2021]. So, to get even
closer to reality, we downsized our synthetic cluster
defined by the same two 3D lines tenfold. The
locations were satisfactorily recovered (Fig. 9) with
the norm r” equal to 0.39 (r=0.05) and turned out to be
quite similar to the results for the larger cluster with r”
equal to 0.40 (r=0.5).
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Fig. 7. The locations of earthquakes recovered
based on variations in the synthetic intervals at 3
stations (RAK, BMR, and MEZ) in the presence
of noise (r=0.2, and r'=0.17). At the bottom, the

original variations are plotted as dark cyan

squares, along with the noisy ones plotted here
and further on as empty red squares.
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ons of earthquakes recovered

based on variations in synthetic intervals at 3
stations (RAK, BMR, and MEZ) in the presence
of noise (r=0.5, and r'=0.4). At the bottom, the
original variations are plotted, along with the

noisy ones.
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Fig. 10. The locations of earthquakes recovered
from a set of variations at 3 stations (RAK,
BMR, and MEZ) randomly reduced from 513
to 135. For visualization purposes only, the
removed variations are plotted here and further
on as zeros.
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Fig. 13. The locations of earthquakes recovered
from a set of variations at 3 stations (RAK,
BMR, and MEZ). All variations for earthquake 2
are removed from the full set of 18 at station
RAK.

Experiment 3: The impact of sparse data

While S- to P- intervals varied in the range £3.5s
for the larger cluster in Example 2, for the downsized
one they occurred in the range of only +0.25, the
quantity still confidently measurable by cross-correlation
(with the HH broadband data, in particular). However,
due to the low level of signal-to-noise ratio, it may
appear that variations in the intervals cannot be
measured with any degree of confidence for some
earthquakes. If the number of the corresponding
“missing” measurements (M) is not very large compared
to their largest possible K-(N-1)-N/2, such an incomplete
system (8) can still remain over-determined and have
an exact or approximate solution. So, we tried to
establish at what ratio of “missing” intervals, for a
single earthquake, a single station, or for all stations
(RAK, BMR, and MEZ), the system (2) can become
incomplete and, as a result, intractable. For this
purpose, M random integers uniformly distributed in
the interval between 1 and K-(N-1)-N/2 (for all
earthquakes and all stations), (N-1)-N/2 (for a single
station), or N-1 (for a single earthquake at one station)
were generated, and the equations with the corresponding
numbers were removed from the full set. Even with a
large fraction of “missing” measurements, the locations
were recovered almost without a change (Figs. 10-13).
Even with 17 variations for earthquake 2 removed
from the complete set of 18 at station RAK, its
recovered location remained the same (Fig. 12). Only
when the number of constraints dropped to zero did
the rank of matrix D in (8) became deficient, and its
location, although still controlled by variations at
stations MEZ and BMR, changed (Fig. 13). For
earthquake 2, the situation turned out to be similar to
experiment 1, where intervals from only two stations
were available. Ultimately, it was concluded that the
exact recovery of the location is achievable even if at
least one direct or indirect link to the reference
earthquake is available at three stations; if indirect,
however, the link must be through a chain of
earthquakes also with three links.

Experiment 4: The impact of inaccurate azimuths
and angles of emergence

In this experiment, variations in the synthetic intervals
at three stations (again, RAK, BMR, and MEZ) were
calculated according to (4) using their original
azimuths and the corresponding angles of emergence.
Then, to simulate the situation with their inaccurate
knowledge, the angles were changed by adding the
random numbers to them:

Az, = Az + (0.5- A)xr,
o, =al” +(0.5-a,)xr,

Bi = Bi(O) +(0.5-Db;)rr,
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in which angles are measured in radians, Az, o(®,

and B are original azimuths and angles of emergence,
A, &, and b; are random numbers uniformly distributed
in the range between 0 and 1, the coefficient r is the
same for all angles, and i = 1, 2, 3. These inaccurate
angles were then used for the calculation of locations.

The results for three values of r (0.2, 0.5, and 0.9)
are shown in Fig. 14-16. The largest inaccuracies in
the respective sets of angles measured in degrees were
5.3°,13.1°, and 23.6°. Even with such large inaccuracies,
the locations were recovered quite satisfactorily, in
our opinion, as were the size of the cluster and the
orientation of the “rupture” plane defined by them.
Again, as in experiment 1, variations in the intervals
calculated for the original and inaccurate angles turned
out to be virtually identical to within 10™**. This means
that the variations can be the same for different sets of
angles and locations. And the very idea of recovering
angles at the same time as locations looks unrealizable,
at least with only three stations.

However, the situation changed with four or more
stations: the recovered set of locations became unique,
but did not exactly fit the “observed” variations, as
would be expected.

Discussion and conclusion

Although the assumptions in the algorithm may
seem too numerous or too restrictive, most of them are
in fact very realistic and common in seismological
practice. Usually, the location and angles of emergence
can be calculated by other methods for at least the
strongest earthquake used subsequently as a reference.
Since the cluster size is assumed to be much smaller
than the distance to the stations, which is indeed often
the case, it reasonably can be assumed that station
azimuths and the angles of emergence are the same for
all cluster earthquakes and that the ray paths are the
same outside the cluster. Besides, the majority of rays
lie in the vertical plane that contains the source and
the station, with very few exceptions due to an
extremely inhomogeneous velocity structure.

Indeed, various combined experiments with
synthetics could be devised to test the performance of
the algorithm. However, since their results depended
on a large number of factors and in different ways, it
had been difficult to separate their impact from each
other and arrive at some kind of quantitative measure.
So, we varied the configuration of stations, the level
of noise in the observed data, their sparsity and
inaccuracy of azimuths, and angles of emergence in
some tests to extremes until the recovered locations
became unrecognizable or were impossible to obtain
at all. Even in some extreme tests, recovery of
locations was quite satisfactory, in our opinion.
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Fig. 14. The locations of earthquakes recovered
from a set of variations at 3 stations (RAK,
BMR, and MEZ) using inaccurate azimuths and
angles of emergence (r=0.2). At the bottom,
original (0) and inaccurate angles are plotted.
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An advantage of the algorithm in this regard is
that each location is constrained by a much larger
number of variations in the intervals than just the
arrival times. The exclusion of such a large proportion
of uncertainty as the origin times also can be
considered an advantage that simplifies the algorithm,
making it faster and the results more reliable. The
impact of the velocity structure between the source
and the station is also reduced to the location of the
reference earthquake only. If the absolute location and
angles of the emergence of the first P- and S-waves
for the reference earthquake are accurate, the locations
of other cluster earthquakes become absolute and
accurate as well. However, synthetic experiments have
shown that even if the reference was known only
approximately, the relative locations of other earthquakes
were often recovered to be quite similar to the original
ones.

Due to the large number of constraints on each
location, the algorithm can be applied primarily in the
case of small earthquakes or sparse networks when a
large portion of data is missing. The algorithm can be
used independently to validate locations determined
by other methods, or it can be combined with them to
improve their reliability by providing additional
constraints. In the next phase, we will apply the
algorithm to actual earthquakes and compare the
results with those obtained by other techniques.
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Angpiit THUII, Imutpo Manuiskuii

Kapnarceke Bigminenus Iacturyry reodisuku im. C.I. Cy66otina HAH Ykpaiuu, m. JIssiB, 79060,
Byn. Haykosa 3B, exn. momra: agnyp.gm@gmail.com, https://orcid.org/0000-0002-2612-4234

BU3HAUYEHH S KOOPJIMHAT 3EMJIETPYCIB Y KJIACTEPAX HA OCHOBI BAPIALIIA
IHTEPBAJIIB MK BCTYITAMU P- TA S-XBWJIb

JloBXHHY iHTEpBaJly MK MEPIIUMH BCTyNaMH P- Ta S-XBWIJIb 4acTO BHKOPUCTOBYIOTH AJIsI HPUOIM3HOTO
OIIIHIOBAHHS EIIIIEHTPaIbHOI BiACTaHi. MU HPOMOHYEMO aJITOPUTM BHU3HAUCHHS KOOPIHWHAT 3€MJIETPYCIB
IUIIXOM OJHOYACHOTO TIOPIBHIOBAHHS BEJIMKOI KINBKOCTI TakWX iHTepBamiB. [IJis BH3HAUEHHS PI3HUIN MIiX
IHTepBaJlaMH Ha KOXHIHA 31 CTaHIIH OOYHCIIOETHCS (YHKIS B3aeEMHOI KOpeJAMil MiX BiINOBIIHUMH
XBWJIBOBMMHU (opMamMu — 0e3 BH3HAYCHHS a0OCOJIIOTHOI JOBXHMHH IHTEPBAJIB. Y IMOTOYHIA Bepcii airoputmy
MPUITYCKAaeEMO, IO PO3MIPH KJIacTepa HabaraTo MEHIII 3a BiACTaHb 0 CTAHIIH; a3UMYTH CTaHIIH 1 KyTH BUXOIY
nepiux P- Ta S-XBHJIb JOBOJI TOYHO BifIOMi MPHUHAWMHI Tt OTHOTO (OTIOPHOT0) 3eMIIETPYCY; MPOMEHI MEPIINX
XBUIIb JIC)KAaTh Y BEPTHKAIBHIN IUIOMIMHI, MO MICTUTh BOTHHUINE 1 CTaHINI. 3B’S30K MK KOOpIUHATAMH i
PI3HHUIICI0 MOBKUHHU 1HTEPBAJIB y I[bOMY pa3i CTa€ CyTO T'€OMETPHYHHUH 1 JIIHIAHWN, a BIAMOBIAHY CHUCTEMY
PiBHSHB JIETKO poO3B’sA3aTu. Pe3ymbTaT cepii MOJAENBPHUX EKCHEPUMEHTIB 3 BUKOPHUCTAHHAM Pi3HOI KiIBKOCTI
CTaHIIH Ta IXHBOI KOH(]Irypamii, piBHS IIYMY Yy CIIOCTEPE)KCHHX AAHUX, CTYIEHS HENOBHOTH AAHMX, HETOUHHX
a3UMYTIB Ta KYTiB BHXOJY JOBEIH CTIMKICTh 1 HaIIHHICTh aNTOpUTMY 1 MOXKJIHBICTH HOro 3aCTOCYBaHHA Y
MOJAJBIIOMYy JIO pealbHUX JaHuX. 3 OTJISAYy Ha BEJNHUKY KUIbKICTh OOMEXKeHb Ha KOOPAMHATH KOXKHOTO 13
3eMJICTPYCIB aJrOpUTM HAWIOUITbHINIC BHKOPHUCTOBYBAaTH y pasi Ayke cIaOKHX 3eMIeTpPYCiB, a0o Maloi
KUTBKOCTI CTaHI[i{, KOJIM iCTOTHA YacTWHA JIAHUX BiJICYTHS. AJNTOPUTM MOKHA BUKOPHUCTOBYBATH OKpEeMO, a0o 3
METOIO MiATBEPKSHHS NMPAaBUILHOCTI KOOPIUHAT, BU3HAYEHUX IHIIMMHU MeToqaMH, abo BOYIyBaTH Horo B iHIII
MeTOAH, a0H IMiIBUIINATH iX HaIIIfHICT 3aBASKH iCTOTHOMY 301BIICHHIO KITBKOCTI 0OMEKEHB.

Kniouosi crosa: KoopauHaTH 3eMIIETPYCiB, BU3HAUCHHS KOOPAMHAT, KIACTEp 3€MIICTPYCIB, IHTEpBAT MiX
BCTynamu P- Ta S-XBuIb, yHKIIisS B3aEMHOT KOpEJIsLii.
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