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Introduction earthquake location and strength for a long time

Earthquake prediction has long been under- (long-term prognosis) is generally associated with
stood as predicting the area (location), time and seismic zoning of various levels of detail: general
magnitude (energy) of the expected seismic event  seismic zoning (GSZ), detailed and microseismic
[Zubkov, 2002]. At present, the prediction of the ones. General seismic zoning is of practical im-
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portance for designing buildings and construc-
tions in seismically dangerous regions. Indeed,
the GSZ maps can be interpreted as a probabilistic
prediction for decades, i.e. the longest period con-
sidered by seismologists. The maximum intensity
of seismic shocks (in points) is estimated [Gen-
eral seismic... , 2016]. The GSZ is implemented
on the basis of a set of criteria and characteristics:
density of earthquakes hypocenters, energy and
intensity of events, geological and geophysical
characteristics of recurrence graphs, maximum
magnitudes (M__ ), shaking, seismic activity and
other macroseismic data [Drumya, 1985; Sheba-
lin, 2006; Shebalin et al., 2004; etc.].

Development of methods for seismic zon-
ing and problems of its practical implementation
have created prerequisites for developing the ef-
ficient and economically feasible means of earth-
quake-resistant construction, i.e. various methods
and devices of vibration control, to reduce seis-
mic loads on buildings and constructions [Arut-
yunyan, 2010; Torunbalci, 2004]. The principles
of passive control (seismic isolation of buildings
from soil) are widely used in earthquake-resist-
ant construction. Active monitoring apparatus,
including real-time soil oscillation recording
equipment, power drives to generate antiphased
vibration of constructive units, and a control sys-
tem, have also been developed for the important
objects.

After publication of the GSZ-2012 map
models, which were supposed to replace the
GSZ-97 maps, they were widely discussed by the
scientific community in Russia. These models
were approved by the management of the Russian
Academy of Sciences and Russian Gosstroy and
adopted as norms for earthquake-resistant con-
struction. Thereafter the maps of the general seis-
mic zoning of the territory of the Russian Fed-
eration (including the territory of Crimea after
2014) were created as a result of the work on the
improvement and updating of the above models.
They were named the GSZ-2016 maps (see map
in the figure). Responsible editors of the GSZ-
2016 maps — Professor V.I. Ulomov (Shmidt In-
stitute of Physics of the Earth, RAS) and M.I
Bogdanov (general director of the LLC “Institute
of geotechnics and engineering research in con-
struction”)

Various models of the seismic regime, in-
cluding the probabilistic model successfully ap-
plied in the GSZ-97, were used when mapping
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GSZ-2016 maps. The recommendations of the
broadened meeting of the Scientific Council of
the Russian Academy of Sciences on seismology,
held on 24.10.2013, were taken into account in
the final version of the GSZ-2016 maps.

Detailed seismic and microseismic zoning
takes into account local engineering and geo-
logical conditions (soil properties, groundwater
level, etc.) and determine the amendments to the
maximum intensity of seismic shocks on the GSZ
maps. In this case, the value of the correction in
the points does not exceed 0.5 as a rule.

The prediction of the time of a seismic event
distinguished itself as a separate problem related
both to the study of earthquake precursors (phe-
nomenological approaches) and to the develop-
ment of adequate models of a seismic source.

This problem remains one of the main chal-
lenges for the Earth sciences, and its fundamen-
tality remarkably manifested in the discussion on
the principal predictability or unpredictability of
earthquakes initiated in the 1990s by R. Geller
[Geller, 1991, 1996, 1997; Geller et al., 1997].
During the discussion it has been noted that the
prediction problem involves both scientific and
socio-economic components [Snieder, Van Eck,
1997]. Social and economic aspects may change
over time, that affects the assessment of predic-
tions and their practical relevance. However, this
is beyond the scope of this review. From the sci-
entific point of view, it can be noted that criti-
cism of earthquake precursors detection is based
mainly on the experience of observing the anom-
alies of geophysical fields in Japan and Greece,
in particular, based on the geodetic data and
electrotelluric potentials (VAN method) [Geller,
1996]. But, the conclusion that there are no re-
liable precursors cannot be automatically trans-
posed to all situations, including studies in oth-
er regions and the application of new methods.
Doubts about the earthquake possibility have
been aggravated due to the well-known provi-
sions of nonlinear dynamics (divergence of phase
trajectories, instability when the initial conditions
change [Koronovskii, Naimark, 2012; Koronovs-
ky et al., 2019]) and the concept of self-organized
criticality (sometimes called third generation of
synergy [Malinetskiy, Podlazov, 1997, Bak, Tang,
1989]). Appliance of this concept to the analy-
sis of natural disasters has highlighted such un-
predictable scenarios, as, for instance, the sand
pile model (“heaps of sand”) [Bak, Tang, 1989].
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However, the hypothesis that the flow of seismic
events corresponds to the models of self-organ-
ized criticality has not been proven. But there are
known examples of explicit inconsistency of real
seismicity with such models (precedents of suc-
cessful earthquake predictions [Shebalin et al.,
2004; Wang et al., 2006; Tikhonov, Rodkin, 2012]).

Background: on earthquake
predictions and precursors

The history of scientific research of the
problem of earthquake precursors and prediction
the events occurrence time covers more than half
a century. This period is characterized, on the one
hand, with an avalanche-like accumulation of
data on the earthquake precursors, especially in
the initial period (1960s—1970s) and, on the other
hand, by a very limited possibility of their use in
real prognosis.

An active searching and research of the
earthquake precursors had begun with strong
earthquakes in the beginning of the 20th century,
which caused the death of people and entire cities.
The earthquake in China (16.12.1920, M = 7.8),
which left more than 200 thousand dead, is among
the most terrible of them, in Japan (01.09.1923,
M = 8.3), during which more than 100 thousand
people have died. The catastrophic Ashgabat
earthquake (06.10.1948, M = 7.3) in the territory
of Turkmenistan completely destroyed the city
and took the life of more than 100 thousand
people.

The work on the organization of prognosis
research began in many countries of the world,
such as in Japan, the United States, the People’s
Republic of China, the former Soviet Union,
after these devastating earthquakes. In the
former USSR, the Ashgabat earthquake made the
problem of predictions of such terrible natural
phenomena one of the most urgent in the country.
A research program on earthquake prediction was
started under supervision of the Academician
G.A. Gamburtsev. He was successful in creating
such a comprehensive, well-thought-out and
scientifically justified program that had not lost
its importance as a guide to the implementation
of practically meaningful earthquake prediction
up to now [Pevnev, 2015]. Gamburtsev’s main
ideas about the status and prospects of the work
on this problem were formulated in the paper
[Gamburtsev, 1957], and subsequent publications
(see: [Pevnev, 2015, 2016]).
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The Gamburtsev program was based on the
idea that the Earth’s crust in the process of its
evolution was divided into relatively strong blocks,
which were separated by weakened zones —seismic
joints (faults). The slow relative displacements of
these blocks lead to the accumulation of shear
stresses and their concentration at the certain
points of a joint. Earthquakes occur in the points,
where stresses exceed the ultimate strength.

The first worthy publications concerning this
problem, according to [Zubkov, 2002], include
studies of precursors by the movement of the
Earth’s crust [Reid (ed.), 1910; Meshcheryakov,
1968; Takagi et al., 1984]; volcanic eruptions
[Takagi et al., 1984]; sea level [Rikitake, 1979];
groundwater level [Coble, 1965]; atmospheric
electricity [Bonchkovskiy, 1954]; geoacoustic
activity [Antsiferov, 1969]; seismic regime vari-
ations [Mamadaliev, 1964; Keylis-Borok, Ma-
linovskaya, 1966; Kosobokov, Rotvayn, 1977];
orientation of tension axes in the sources of weak
earthquakes before a strong earthquake [Simbireva
et al., 1974]; discharge of groundwater sources
[Smirnova, 1971]; geomagnetic precursors [Kato,
Utashiro, 1949]; pulsed electromagnetic [ Vorob ev
et al., 1976; Gokhberg et al., 1979]; meteorological
[Rikitake, 1979]; gravitational [Fujii, 1966]; ther-
mal [Ulomov, 1971; Mil’kis, 1986]; radon [Barsu-
kov, 1970; Ulomov, Mavashev, 1971]; electrotellu-
ric [Sobolev, Morozov, 1970].

At the second half of the XX — beginning of
the XXI century, the state of the earthquake predic-
tion problem has been discussed in the famous
monographs: “Earthquake prediction” [Rikitake,
1979; Mogi, 1988], “Earthquake forecasting me-
thods. Their application in Japan” [Takagi et al.,
1984], “Earthquake precursors” [Sidorin, 1992;
Zubkov, 2002], “Fundamentals of earthquake
forecasting” [Sobolev, 1993], “Middle-term
earthquake prediction: fundamentals, method,
realization” [Zav’yalov, 2006], “Methods of
analysis of earthquake catalogues for the purposes
of mid- and short-term predictions of strong seis-
mic events” [Tikhonov, 2006].

Numerous results have been obtained, but
no anomalies have been identified as the varia-
tions that can be recognized as unambiguous sig-
natures of an expected strong earthquake. Vari-
ations of geophysical and other fields, which are
hypothetical precursors, were recorded against
the background noise accompanying the geode-
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formation process [Zubkov, 2002; Kosobokov,
2005]. Under these conditions, there were varia-
tions in the same fields and in the aseismic pe-
riod, conventionally called false alarms, in addi-
tion to the variations associated with the prepara-
tion of the earthquake source. This circumstance
has been regarded as a failure of the prognosis
in a number of works [Drumya, 1985; Gufeld et
al.,2011].

It gave rise to a skeptical conclusion about
chosen incorrect strategy of solving the problem
of the place prediction for preparing earthquake,
which was formulated in the work [Pevnev,
2015]. This conclusion from refers to the use of
“methods of solving the inverse problems (image
recognition) by the separate indirect signs — the
anomalies in various fields: seismic, deformation,
hydrogeological, geochemical, electromagnetic
and many others” [Pevnev, 2015, p. 195] for
prediction purposes. Alternative methods, i.e.
the direct problem of detecting the location and
time of an earthquake according to the signs that
need to be developed during the formation of a
source, require the development of adequate
geomechanical models. But this problem seems to
be even more difficult than earthquake prediction,
and may take a long time to be resolved. Therefore,
it is difficult to agree with the above conclusion,
and the rapid improvement of the methods for
solving the inverse problems allows a progress
in the prognosis, and, possibly, one can expect
practically important results (although predictions
will remain probabilistic).

Catastrophic earthquakes at the end of the
last century in China, Italy, Japan, Iran, USA (in
California), Turkey and the former USSR in Spitak
and Neftegorsk renewed interest in studying the
problem of earthquake prediction [Kosobokov,
2005; Zavyalov, 2006; Tikhonov, 2006].

In the US, the problem of earthquake
prediction was raised in the mid-1960s. A number
of conferences were held in collaboration with
Japan, but no significant results were achieved
until the foundation of the National Earthquake
Hazards Reduction in 1977 [Scholz, 1997].
One of its tasks was to develop the methods for
earthquake prediction and early warning systems.

The Parkfield experiment [Bakun et al.,
2005] was started in 1984. It was based on the
quasi periodicity of earthquake occurrence at this

site of the San Andreas Fault (California, USA).
And even that experiment did not allow to cor-
rectly predict the time of the next earthquake [Ro-
eloffs, Langbein, 1994]. In 1990, the focus was
shifted from the prognosis to the damage mitiga-
tion [Mervis, 1990]. In 1995, the National Acad-
emy of Sciences held a colloquium “Earthquake
prediction: the scientific challenge”, which could
not provide any new information for predictions
[Knopoff, 1996].

In Japan, the earthquake prediction program
began in 1964 [Bormann, 2011] by a five-year
plan [Rikitake, 1966]. In 1978, the program fo-
cused on the prediction of an earthquake with
M > 8. The area near Tokyo, where a devasta-
ting earthquake occurred on 01.09.1923, M =8.3
was monitored for a long time. The main re-
search of Japanese seismologists was concentra-
ted at this small site until the earthquake in Kobe
(17.01.1995, M=7.3) had occurred. After 1994,
Japan had sharply increased its seismological re-
search funding, creating one of the densest net-
works of seismic and GPS stations (50-100 km
distance between the stations). The data of this
network were used [7Zikhonov, Rodkin, 2012] for
the mid-term prediction of the Tokachi-oki earth-
quake (26.09.2003, M *=7.3), which was justi-
fied partially. No predictions were made of this
earthquake in Japan. Currently, the main efforts
of Japanese seismologists are aimed at identifying
the areas with irregularities (“asperities”, literally
roughness [Kocharyan, 2016]) on the contacts of
the plates. These irregularities, in their opinion,
are a potential source of their «anchoring» and,
therefore, a factor, which determines the subse-
quent accumulation of the stress level.

A catastrophic Tangshan earthquake
(18.07.1976, M = 7.3) had occurred in China after
a successful prediction of the earthquake in the vi-
cinity of Haicheng (04.02.1975, M = 7.3). Tang-
shan earthquake did not manifest itself in a num-
ber of monitored precursors (foreshocks, etc.).
Following Japan and the United States, China
develops the networks of seismological and geo-
physical stations to study the physical fields of
seismic zones. A great earthquake in China’s
Sichuan Province in 2013 stimulated the deci-
sion to invest more than $300 million in earth-
quake predictions in order to develop a network
of 5000 observation stations in the most danger-

" Magnitude designations in the review correspond to their designations in the sources.
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ous areas of the country to provide early warning
of a strong earthquake (https://www.epochtimes.
ru/kitaj-sozdast-sistemu-ekstrennogoopoveshhe-
niyao-zemletryaseniyah-99035049/#/).

In Russia, in the 1990s, after the collapse of
the USSR and the actual cessation of funding for
scientific research, the complex studies of seis-
mically active regions were significantly reduced
(the geophysical polygons at Garm and Talgar
have been lost together with some collected
data). This has led to the fading of interest in the
study of straining process in the zone of future
earthquake. So, the approach to the earthquake
prediction were focused mostly on the search
for the indirect geophysical precursors and sta-
tistical analysis of the regularities of the seismic
regime [Sobolev, Morozov, 1970; Kossobokov et
al., 1990; Sobolev, 2003; Rogozhin et al., 2011;
Sobolev et al., 1991]. Either the areas of seismic
calm [Ruzhich, 1996] or, conversely, the areas of
increased seismicity concentration [Zav’yalov,
1986] are searched for.

Classification of earthquake
predictions and precursors

The great amount of accumulated material
on earthquake precursors has been systemized to
some extent, and there are several classifications
of precursors now. In 2011, E.A. Rogozhin at
the conference “Earthquake prediction: are Rus-
sia and the World ready for them?”, said that the
weakness of studying the precursors is that there
is no special service in our country that would
comprehensively monitor all the precursors. Un-
der these conditions, all existing classifications
of precursors, as well as types of prediction, are
somewhat conventional.

Depending on the time of precursor appe-
arance, the predictions are divided into long-term,
mid-term and short-term. It should be noted that
in practice such a division is rather conventional,
especially in the case of short and mid-term pre-
CUrsors.

Long-term prediction is based on the pecu-
liarities of geodynamic processes in the region,
manifesting as change in the stress-strain state
of the Earth’s crust and associated changes in
the seismic regime (such as the appearance of
zones of seismic quiescence and variations of
the transmitted seismic waves). Long-term sign
of the earthquake source preparation may also
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be the consolidation of crustal blocks and related
increase of correlation radius of seismic events.
As mentioned, the seismic zoning actually acts as
long-term prediction of the location and strength
of an earthquake.

Mid-term prediction gives an opportunity to
receive a warning of a seismic event from a few
weeks or months to several years. This predic-
tion level assumes a scenario of the destruction
process development in accordance with the data
of seismological monitoring, as well as current
observations of geophysical fields, change in the
slopes of the Earth’s surface, monitoring observa-
tions of the discharge and chemical composition
of water sources and deep water, oil and gas wells.
Formal criteria are used in assessing the statisti-
cal significance of each of the possible precursors
and their complex.

The fundamentals for the mid-term precur-
sors concept are the models describing significant
increase in plastic deformation (in particular, dila-
tancy, i.e. volume increase at shear deformation)
in the place of a future source and in surroun-
ding zone. The most well-known models are the
stick-slip, avalanche unstable fracturing forma-
tion and the dilatant-diffusion models [Sobolev,
1993; Scholz, 2002]. The relationship between
the source size and the distance, at which pre-
cursors can appear, is analyzed in the summary
[Dobrovol skiy, 1991]. This work proposes the
consolidation source model and quantitative as-
sessments have been obtained on its basis. In this
case, phenomenological relationships, which are
later used for estimating the place and magni-
tude of the expected earthquake, are established
between the parameters of precursors and earth-
quakes [Drumya, 1985; Morgunov, 1999; Tikho-
nov, Rodkin, 2012]. But the time of the event is
predicted within a characteristic interval of up
to several years. Mid-term predictions provide
an opportunity to refine the time estimates of the
event, i.e. for a multistep prediction based on ad-
ditional data for the selected “alarming” region
(see below).

Short-term prediction 1s that with a lead
time of several days to several weeks before the
event. It is believed that the methods described
above may still be valid [Drumya, 1985; Morgu-
nov, 1999]. At the same time, the activation of the
process of changing the strain-stress state (in par-
ticular, the foreshock series) becomes particularly
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significant. Various short-term precursors, such as
seismological, electromagnetic, hydrogeochemi-
cal, etc (depending on the observation method,
see below) are based on the specialized physical
models, general model of their occurrence can
hardly be developed. For example, the widely held
seismoelectric interconnection model [Hayakawa,
Molchanov (eds), 2002] explains the excitation
of the electromagnetic field before an earthquake
with separating the charges on a contact surface
along which a seismic movement will occur.

It is the short-term prediction that was the fo-
cus of the discussion about the possibility or im-
possibility of the earthquake prognosis according
to the precursors observed [Sobolev, 1993]. The
argumentation for the practical impossibility of
short-term prediction was presented in the works
[Koronovskii, Naimark, 2012; Koronovsky et al.,
2019; Geller, 1997; Geller et al., 1997; Gufeld et
al., 2011; Snieder, van Eck, 1997]. But there are
also works with encouraging results on short-term
predictions [Morgunov, 1999; Gavrilov, 2007,
Shchekotov et al., 2015; Tikhonov et al., 2017,
Hayakawa et al., 1996; Rozhnoi et al., 2009].

Ultrashort-term (operational) prediction
with a lead time of several seconds to several
hours is considered in some works as an ex-
treme case of short-term predictions [Parovy-
shny et al., 2015]. Actually, the approaches to
operational prediction solve the same problem
as the methods of early detection of movements
in the seismic source. Ultrashort-term prediction
are relevant due to the conclusions of nonlinear
dynamics about the presence of «prognosis ho-
rizon», beyond which deterministic description
of behavior of complex dynamic systems is im-
possible [Malinetskiy, Podlazov, 1997]. For the
areas of earthquake sources beyond the predic-
tion horizon, there may be the time lag before the
event of about a week, as in short-term predic-
tions [Koronovskii, Naimark, 2012]. At the same
time, mid-term predictions do not reflect the ap-
proaching of the fracture itself, but the related
synchronous processes.

The methods, on the basis of which earth-
quake precursors are studied, are usually divided
into geological, geophysical, hydrogeochemical,
biological, geomechanical, seismological and
biophysical.

Geological methods are used in studying the
faults, and rock fracturing as one of the factors
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that determine the possible location of the future
earthquake.

Geophysical methods estimate density, elec-
trical conductivity, magnetic susceptibility, P
and S waves velocities, change in the intensity of
electrotelluric and geomagnetic fields, etc. A spe-
cial group of geophysical methods are ionospher-
ic ones [Buchachenko et al., 1996; Molchanov,
Hayakawa, 2007] which analyze changes in the
total electronic content, the parameters of trans-
mitted radio waves and other variations before
earthquakes.

Hydrogeochemical methods are based on the
measurement of chemical elements in groundwa-
ters and borehole waters. The content of radon,
helium, fluorine, silica and other elements is de-
termined. Their concentrations may be used as
the most typical precursors of the earthquakes
coming.

Geomechanical precursors are related to rock
deformation, movement of blocks and megablocks
in seismic regions.

Seismological methods for identifying the
precursors include determination of the ratio of
velocities of P and S waves, amplitude ratios of
different wave types, determination of absorption
and dispersion coefficients, calculation of micro-
earthquake frequency, identification of zones of
temporal activity and quiescence. It would be
natural to include in the same group of precursors
more complex parameters, which are calculated
using seismological data: parameter of seismo-
genic faults Kcp [Zav'yalov, 2006], characteris-
tics of correlations with the phases of lunar-solar
tides [Saltykov, 2016], low-frequency seismic
noise ordering parameters [Lyubushin, 2011] etc.

Biological and biophysical precursors are
associated with unusual animal behavior, which
is believed to be caused by change in geophysi-
cal fields. These precursors suggest change in the
biosphere (in particular, in the behavior of some
objects) by anomalies in the Earth’s geophysical
fields prior to an earthquake. An example of such
anomalies is the characteristics of a natural elec-
tric field in the atmosphere. The question about
the reliability for biophysical (biological) precur-
sors is even more controversial than for others.

The following series of seismological para-
meters are distinguished in terms of their impor-
tance:

e The parameter determined by the intersection
of the compression axes in the sources of the
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buried foreshocks and indicating the location of
the source of preparing earthquake [Zakharova,
Rogozhin, 2000, 2001, 2004];

e The parameter characterizing stress state of the
medium by determining the Centroid Moment
Tensor [ Yunga, 1996, 1999];

e The RTL-parameter based on identifying the
anomaly of seismic quiescence by three func-
tions, which characterize a seismic regime: epi-
central R, time T and energy L [Sobolev, Tyup-
kin, 1996, 1998];

e The parameters of earthquake flow used in the
Magnitude 8 (M8) and Mendocino Scenario
(MSc) algorithms [Kossobokov et al., 1990];

e The parameter S for the foreshock activation
[Sobolev, 1993, 1999].

By means of a set of the most reliable long-,
medium- and short-term seismological precur-
sors, it is possible to monitor potential source
zones and assess the operative situation in prac-
tice, as well to identify the periods of increased
probability of earthquakes.

The “efficiency” of geophysical precursors
is proved by the example of successful predic-
tion of the 05.12.1997 Kronotsky earthquake with
M, =7.8 [Zav'yalov, 2006]. This earthquake oc-
curred in the Kamchatka region, which is well
equipped with the systems of geophysical and geo-
chemical observations for predictive indicators.

The work [Lyubushin, 2011] provides a mid-
term assessment of the seismic hazard for most
territory of Japan by the parameters of microseis-
mic noise (triggered by the discharge of natural
gases [Osika, 1981; Voytov, Dobrovol skiy, 1994;
Gufeld et al., 2010]). A.A. Lyubushin pointed out
an increased probability of an earthquake in this
area after 2010, i.e. on the eve of the 11.03.2011
Tohoku mega-earthquake with M = 8.9-9.1.

The series of successful mid-term predictions
of Sakhalin earthquakes made by I.N. Tikhonov
demonstrated an important example of effective
methods used for the prognosis. The mid-term
earthquake prediction on the southwestern shelf of
Sakhalin was made using the seismic quiescence
method (detection of a seismic gap of the second
kind) in 2006. This prognosis was realized in the
02.08.2007 Nevelsk earthquake with M = 6.2
[Tikhonov, Kim, 2010]. Also, the predictions
were given for the Takoya earthquake swarm in
July-September, 2001, with the strongest event on
01.09.2001 with M = 5.6 [Tikhonov, 2001, 2002],
and the 26.09.2003 Tokachi-oki earthquake with
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M = 8.0, M, = 7.3 near Hokkaido Island, Japan
[Tikhonov, 2006; Tikhonov, Rodkin, 2012].

In the case of the 02.08.2007 Nevelsk earth-
quake, I.N. Tikhonov has managed to make a
successful short-term prediction based on the ap-
proaches of B. Voight and D. Varnes, and on the
model of self-developing processes by A.I. Maly-
shev (close to the description of “blow-up re-
gimes” in the concept of synergy). In all these
approaches, the rapid, explosive increase of fore-
shock activity is considered a short-term precur-
sor of an earthquake.

The retrospective modeling of weak (M ~
2.0-3.0) series of shallow-focus earthquakes in
southern Sakhalin during the period of 2003-2014
was performed later in the summary [7ikhonov
et al., 2017], using the method of self-develop-
ing processes based on the data of local network
catalogue. Mathematical models of nonlinear in-
crease of the accumulation of the shocks number
before strong (M = 4.6-6.2) events were con-
structed. Short-term predictions of 7| parameter
(time of strong shock occurrence) were obtained
with a high degree of accuracy. Stability of ob-
tained solutions when varying the duration of
processing window of the data from a catalogue
was shown. It is important for further research
that in the summary [Zikhonov et al., 2017] the
predictions were formulated and tested; the tech-
nical requests of the Sakhalin Branch of the Rus-
sian Expert Council on Emergency Situations
were taken into account. These requests to lead
time and magnitude interval are somewhat softer
than those, which has been put forward during
the hopefulness period of the XX century and are
still often cited when criticizing the prognosis
(this means that the wider intervals of lead time
and magnitude of the predicting event were al-
lowable). If we use «practicaly, albeit compro-
mise requirements for assessing the predictions
by L.N. Tikhonov, we can notice that they fully
satisfy the principle of verification of hypotheti-
cal prognosis of earthquakes, like fully described
in the works [Evison, Rhoades, 1993, 1997].

The presence of several successful earth-
quake predictions in the southern Sakhalin and ad-
jacent offshore can be attributed to a more or less
homogeneous (compared to other seismic zones)
distribution of the direction of main compression
and tensile axes along the extended faults: West
Sakhalin and Central Sakhalin ones [7ataurova,
2015; Sim et al., 2017, 2020]. In the cited works,
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the result on ordering (less heterogeneity) was ob-
tained using the data on structural and geomor-
phological, and seismological indicators of crus-
tal stress state.

The regularity of the stress field is a favour-
able factor for the development of new methods
(algorithms) of earthquake prediction or adapta-
tion of existing ones. An illustrative example is
the SeisASZ algorithm developed in the IMGG
FEB RAS [Zakupin, 2016] for the mid-term
earthquake prediction by the anomaly of the
LURR parameter (load to unload response ratio),
which describes the difference in the increment
of Benioff strain during the periods of two differ-
ent phases of lunar tides [ Yin, Yin, 1991; Lockner,
Beeler, 1999; Yin et al., 2001]. The LURR pa-
rameter was introduced by A.V. Nikolaev when
analyzing the trigger effect of lunar-solar tides
[Nikolaev, 1994; Sobolev (ed.), 2000]. Chinese
seismologists proposed to use anomalies of this
ratio (a significant difference from the unit, i.e.
the value corresponding to the elastic or viscoe-
lastic medium) as an indicator for predictions
[Yin et al., 1995]. The anomalous values of the
LURR parameter, i.e. the significant difference
in the response of the medium to the increase
and the decrease of the load, indicate the stage
of plastic deformation of the medium in the area
of the expected earthquake, and the appearance
of the zone of transcendental straining (on con-
ventional curve of stress-strain characteristics)
[Zakupin et al., 2020; Rebetskiy, 2021]. Actu-
ally, the transcendental mode of straining is a
sign of the future earthquake. As the fracture
approaches, plastic (or transcendental) deforma-
tion becomes localized, and the LURR param-
eter, calculated for a large spanning volume, re-
turns to normal values. A.S. Zakupin has shown
in his works, that strong earthquakes in Sakha-
lin occur in a period not exceeding 2 years af-
ter the completion of the anomaly of the LURR
parameter [Zakupin, 2016, Zakupin et al., 2018].
Two zones, where earthquakes were predicted,
had been identified in a real-time mode (not ret-
rospectively) by means of SeisASZ algorithm.
Later the following earthquakes occurred in
these zones: 14.08.2016 Onor with Mw = 5.8 and
23.04.2017 Krylon with M = 5.0. Predicted val-
ues of time and magnitude corresponded to ob-
served ones [Zakupin, Semenova, 2018]. At the
meetings of the Sakhalin Branch of the Russian
Expert Council on Emergency Situations both
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predictions were considered as realized. Thus,
this new method assisted to confirm the possibil-
ity of the earthquake prediction in the southern
part of Sakhalin Island, which were mentioned
earlier in the works of I.N. Tikhonov [7ikhonov,
2006, 2009; Tikhonov, Rodkin, 2012] as an amaz-
ing precedent for predictability. The LURR pa-
rameter can be considered an effective mid-term
precursor.

With regard to ionospheric precursors, it is
possible to mention the intermediate result — the
development of a complex method of analysis of
earthquake precursors at the Institute of Applied
Geophysics (Roshydromet). This method uses
satellite and ground-based measurements of the
ionosphere total electron content, the tempera-
ture in the lower atmosphere and a number of
other parameters for identifying the signs of com-
ing shocks. It was possible to predict the time of
the event with a lead time up to five days at this
stage, but the place of the expected event in this
case was considered known or reliably predicted
by means of other methods. According to the sta-
tistics, about 60 % of these ionospheric forecasts
are realized (Earthquake Forecasting Service,
https://ecoportal.su/news//70133.htviewml).
May be, it is possible to improve this system for
short-term predictions of strong earthquakes.

Specialists of the Siberian Branch of the
Russian Academy of Sciences and the Siberian
Research Institute of Geology, Geophysics and
Mineral Resources in 2012 developed a method
of active monitoring, which use powerful vibra-
tional sources creating the disturbances with load
amplitude up to 100 t. Such vibrational sources
allow to obtain data on the structure of the Earth’s
crust and, in the future, to affect the sources of
preparing earthquakes for controlled stress drop,
1.e. initiate weak earthquakes and obtain predic-
tive information on strong earthquake probability.

To complete the review of the approaches
to earthquake predictions, let us list the known
cases of advanced predictions of strong earth-
quakes (M > 5.5). They were later confirmed
and therefore considered successful (see the
table below). The table also provides some ret-
rospective predictions that have been made in
the late XX — early XXI and had a significant
meaning, because they have demonstrated that
the criticism of the reliability of the earthquake
precursors [Geller, 1991, 1997] can be overcome
or reduced significantly.
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Although the number of successful real-
time predictions is small, but it is obviously larger
than that might have been randomly guessed. This
means the inconsistency, or at least the limitation,
of the ideas of the fundamental unpredictability
of earthquakes. Most of the predictions presented
in the table are mid-term. Short-term predictions
of the Haicheng and Nevelsk earthquakes were
made after the mid-term ones, i.e. as a refinement
when multistep prognosis. Various seismological
precursors were used for all 11 examples of suc-
cessful earthquake predictions, they contributed

mainly to the real-time prediction. Prediction ex-
amples of Tokachi-oki, 2003, and Shikotan, 1994,
earthquakes may indicate that M8 and MSc algo-
rithms are working, although higher efficiency is
highly desirable for practice.

The table shows the seismological prediction
methods to be more effective than other ones, such
as geophysical (including advanced ionospheric
methods), geological, and hydrogeochemical. So,
the statement looks incorrect that the develop-
ment of modern seismic networks had not made
progress in this field.

Table. Successful predictions of the earthquakes with a magnitude M > 5.5

Date v Wi (gl @asiitiag Prognosis klncé, prediction parameters.
eferences
04.02.1975 | 7.3 | The Haicheng earthquake, | Foreshock sequences and other anomalies. Multistep
Haicheng, China prediction, including short-term one. For a long time,
this earthquake was believed to be a unique precedent of
prediction, as a result of which the alarms were timely raised,
and the fact of saving people who left the buildings became
obvious [Raleigh et al., 1977; Wang et al., 2006]
16.08.1976 | 7.2 | The Songnan earthquake, | Foreshock sequences. Multistep prediction as in the case of
China Haicheng [Raleigh et al., 1977; Jones et al., 1984]
29.05.1975 | 7.3 | The Longling earthquake, | Foreshock sequences. Successful predictions of the Songnan
China and Longling earthquake were overshadowed by the Haicheng
event, because no alarm was raised in this case. They are
important as a confirmation that Haicheng is not a unique case
[Raleigh et al., 1977]
04.10.1994 | 8.1 | The Shikotan earthquake, | Predicted using the M8 algorithm in the Institute of Earthquake
The South Kuril Islands | Prediction Theory RAS [Kossobokov et al., 1990] and,
earthquake, Russia independently, in the IMGG FEB RAS [Tikhonov, Rodkin, 2012]
05.12.1997 | 7.7 | The Kronotsky Retrospective [Zav'yalov, 2006]
earthquake, Kamchatka,
Russia
25.09.2003 | 7.3 | The Tokachi-oki Retrospective [Shebalin et al., 2004; Tikhonov, 2006; Tikhonov,
earthquake, Hokkaido, Rodkin, 2012]
Japan
15.11.2006 | 8.3 | The Simushir earthquake, | Long-term [Fedotov, 2005]
Kuril-Okhotsk Region, Retrospective [Tikhonov et al., 2008; Shebalin, 2006]
Russia
02.08.2007 | 6.1 | The Nevelsk earthquake, | Mid-term prediction by appearance of a seismic gap of the
Sakhalin, Russia second kind and short-term prediction by increase of foreshock
activity [Levin et al., 2007a, 2007b; Tikhonov, 2009; Tikhonov,
Kim, 2008, 2010]
11.03.2011 | 9.1 | The Tohoku earthquake, | Mid-term, by the characteristics of seismic noise [Lyubushin,
Japan 2011]
30.01.2016 | 7.2 | The Jupanovsky Seismological, geophysical and geochemical precursors.
earthquake, Kamchatka, | Three predictions made by different authors in real-time
Russia are considered successful [Boldina, Kopylova, 2017; Larionov
et al., 2017; Firstov et al., 2017; Gavrilov et al., 2020]
14.08.2016 | 5.8 | The Onor earthquake, Mid-term prediction by the LURR parameter [ Zakupin et al.,
Sakhalin, Russia 2018]
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Modern approaches to the problem
of earthquake prediction

Despite many years of experience in us-
ing the data on various earthquake precursors,
the problem of predicting the time of earth-
quake has not been accomplished yet. On the
one hand, there is a great amount of material
on the manifestation of various precursors and
there are some successes, but on the other hand,
a strong earthquake occurs unexpectedly in 90 %
of cases. This result shows our understanding of
the mechanism of earthquake generation to be
far from the real natural process (here we must
agree with the authors of the work [Bakun et al.,
2005]). Many models of the earthquake prepara-
tion process are borrowed from mechanics, and
they do not take into account the features of the
structure of seismogenic regions of the Earth’s
crust — the fault zones [Rebetskiy, 2008].

Thus, with all the abundance of observations
made and analyzed, the location, time and mag-
nitude of future disastrous earthquakes, even in
well-studied regions, remain unexpected. How-
ever, it is necessary to obtain new, additional
data. But what are kinds of them? The set of pos-
sible parameters in a multi-attribute factor can be
varied and broadened up to infinity, but the scope
of real possibilities makes it necessary to limit it
somehow.

Many researchers propose their own way to
study the problem of earthquake prediction.

Some of them [Goldin et al., 2001] see the
main scientific problem in the fact that the process
of earthquake preparation (especially its different
possible scenarios) is not sufficiently understood.
The main purpose of the new stage of monitoring
research is to obtain data in the focal zones. This
data will also contribute to a better understanding
of geodynamic processes, that end with an earth-
quake, and to the construction of the theory of the
physics of focal zones.

Others [Pevnev, 2015] believe that attempts
to solve the problem of earthquake prediction
without using any model of the preparation and
implementation of earthquakes, but by the meth-
ods of inverse problems (using the measurement
and analysis of the heterogeneous anomalies in
different geophysical and other fields) have been
failed due to incorrect statement of the problems.
And the work [Pevnev, 2016] presents the main
provisions of the deformation model of prepara-
tion of the crustal earthquake source (which has
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confirmed the rationality of the Gamburtsev’s way
to the crustal earthquake prediction), as well as
the conclusions from this model. These conclu-
sions bring to the statement that the study of the
deformations of the Earth’s surface by geodetic
methods makes it possible to accurately predict
the location of preparing earthquake, as well as to
determine the maximum power (magnitude) to be
generated. In order to realize this prediction, it is
necessary to create a geodetic structure on a site
of the seismogenic zone, which is chosen due to
various reasons, that allows to determine the type
of deformations of the ground surface on the study
site with necessary accuracy. This implies to es-
tablish reliably the type of elastic bending of rocks
in the case, when this section is in the process of
preparing an earthquake source. The work also
considers such problems as prediction the strength
and time of an earthquake and suggests the ways
to solve them.

According to [Kissin, 2013], earthquakes
need to be considered as a system that is part of a
larger one — the system of geodynamic processes.
The study of this natural phenomenon requires a
systematic approach in order to identify the most
important causal relationships. Complex studies
are required in two main fields to obtain the know-
ledge sufficient to make a practical prediction:

e geological medium, its structure, heterogeneity
and strength properties, identification of areas
subjected to seismic deformations;

e the nature of the stress-strain state of the geo-
logical medium; factors affecting it; tectonic
stresses, their distribution and changes by
strength and parameters.

The first field is studying the medium, its
properties and topology with regard to develop-
ment of formalized theories of an earthquake
preparation. It allows obtaining a priori informa-
tion necessary for separating a study object from
the environment, as well as information on the
structure of medium and study object — a zone of
the source formation. According to the concept of
the geophysical medium of M.A. Sadovsky [Sad-
ovskiy, 1986], which is now generally recognized,
the geological medium has a block hierarchical
self-similar structure, which determines the ability
of the medium to accumulate, redistribute, absorb
and radiate energy. Such features of the medium
structure determine the specifics of seismic pro-
cesses [Sadovskiy, Pisarenko, 1991].
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The geological medium is highly heteroge-
neous, that is determined by lithology, tectonics,
and presence of two-phases (solid and fluid) [Kis-
sin, 1997]. The lithological heterogeneity of the
medium causes the stark differences in the me-
chanical and strength properties of the rocks in
the area of the forming source, which can reach
up to 2-3 orders of magnitude (for example, for
the Young’s modulus). Therefore, the seismic
process and its preparation will have their own
characteristics for the sources located in the deep
parts of the thick sedimentary cover in compari-
son with ones in the consolidated crust represen-
ted by crystalline rocks.

In addition to the features of the structure
of the geological medium (i.e. internal factors),
the external impacts, which can serve as triggers
for dynamic movement in the source, are also
important for successful earthquake prediction
[Sobolev, 2011 a, b]. Trigger effects should be
taken into account due to the fact that, just before
an earthquake, the rock mass is in a state close
to unstable equilibrium, or in other words, in
near-critical condition. In the case of near-critical
conditions, significant deformations can occur
at small stress variations, excited, in particular,
by the external impacts [Sobolev, Ponomarev,
2003; Makarov et al., 2007; Gokhberg, Kolosnit-
syn, 2010]. At the same time, the conditions are
produced for more intensive seismo-electromag-
netic, and may be geophysical, interrelations, in
particular the electromagnetic anomalies [Molch-
anov, Hayakawa, 2007].

The reality of trigger effects and their impor-
tant role in the seismic process was confirmed in
experiments on the physical simulation of the ef-
fect on the earthquake source [Sadovskiy et al.,
1981; Sobolev et al., 1995; Sobolev, Ponomarey,
2003; Kuksenko et al., 2003; Avagimov et al.,
2011; Buchachenko, 2014; Mubassarova et al.,
2014; Bogomolov et al., 2004]. With no external
(trigger) impacts, the medium presence in a meta-
stable equilibrium state can be very long term.
The transition to the destruction of the medium
continuity or slippage along the fault occurs af-
ter external impact, the delay is within the range
typical for short- or mid-term predictions. Thus,
the control of “triggers” can improve the predict-
ability of earthquakes. It is possible that some of
the prediction given in the table above have been
successful just under the conditions of trigger ef-
fect on the source of the preparing earthquake.
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The work [Panteleev, Naimark, 2014] pre-
sents a review of models of tectonic earthquake
preparation based on the approaches from vari-
ous subject areas: mechanics of straining so-
lids, statistical physics, mathematical statistics,
nonlinear physics. Special attention is paid to
the ideology of developing the models through
a prism of earthquake prediction. The power
and weaknesses of existing models and current
trends in their development are discussed. On the
basis of the review, the authors have concluded
that pessimism about the possibility of predic-
ting a strong tectonic earthquake that has taken
place in the scientific community at the turn of
the 20th and 21st centuries is replaced by an op-
timistic prospection due to new achievements
in geomechanics, tectonophysics, geophysics,
rock mechanics and other fields of science. The
authors believe that new unique information
for understanding the processes of strong earth-
quake preparation and development of forma-
lized models using the approaches of mechan-
ics of straining solids can be obtained from the
development of the methods for reconstructing
tectonic stresses of the seismically active areas
of the Earth’s crust [Rebetskiy, 2003, 2007a];
identification of a structure, activity degree of
the Earth crust’s fault zones [Seminskiy, 2009],
as well as their activation mechanisms, includ-
ing changes in the abyssal fluid regime [Sher-
man et al., 1999; Rodkin, Rundkvist, 2017]. The
laboratory and field studies of the structure and
mechanisms of deformation of inter-block con-
tacts and faults taking the properties of their fill-
er into account [Kocharyan, 2010; Kocharyan et
al., 2011]; development of the methods of com-
plex geophysical continuous borehole survey,
that make it possible to track the change in the
nature of the stress-strain state of the geological
medium in the observation area [ Gavrilov, 2007,
Gavrilov et al., 2014, 2013] are also of great im-
portance.

The work by Yu.L. Rebetskiy [Rebetskiy,
2008] considers the state of theories of earth-
quake prediction, results of natural stresses as-
sessment and new model of a source. In particu-
lar, it is noted that many of the ideas about the
process of earthquake preparation have come
from the mechanics of the strength of construc-
tion materials and do not take into account the
features of the structure of fault zones, which are
the seismogenic domains of the Earth’s crust.
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According to [Rebetskiy, 2008], there is a need to
talk about the faults as special geological objects,
the development of which is predetermined by a
set of mechanochemical processes occurring in
them. These processes form a range of specific
conditions of their deformation and determine
the abnormal characteristics of different physi-
cal fields. Similar conclusions have been made
in the works of other authors devoted to fault
zones (see the references in the book [Kochar-
yan, 2016]).

Further, Rebetskiy proposes to develop
the methods for monitoring natural stress state,
which allow to obtain data on the total stress
tensor in the Earth’s crust and its changes (in
particular, the data on stress drop in earthquake
sources). Recently, the methods for reconstruct-
ing the stress field have been developed [Rebets-
kiy, 2003, 2007b; Angelier, 1989; Gintov, 2005].
It is necessary to estimate regularly the strength
parameters of rock masses in their natural oc-
currences for the further development of these
methods. The stresses are directly related to the
destruction process and allow to give the most
complete characteristic of the deformation pro-
cess stage.

In the scope of analysis presented, the for-
mation process of an abnormally extended brit-
tle rupture (earthquake) appears as a random
process depending on the combination of the
areas with active mylonitization, dilatancy and
metamorphism in the faults. The stresses acting
in fault zones depend on the structural and com-
positional state of the rocks, that form them, the
temperature field, the fluid regime of these zones
and are determined by the regional tectonic of
the Earth’s crust. The geological medium is sig-
nificantly heterogeneous (unlike construction
materials), that “automatically” predetermines
the heterogeneity of the stress field at different
scale levels of averaging. As a result, the values
of the components of the natural stress tensor
significantly depend on the scale of averaging.

The data on stress drop in the sources of
moderate earthquakes may be very important
for assessing the state of faults in conditions of
the stress field mosaicity [Sycheva, Bogomolov,
2016, 2020]. The decrease of stress drop level in
the sources of earthquakes of the same magni-
tude as in the preceding period can be considered
as a mid-term precursor one more. Its physical
meaning is that the necessary geomechanical
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condition for a strong earthquake is a lack of effi-
ciency (compared to the usual aseismic period)
of energy release and stress drop during earth-
quakes of low and medium magnitude. In order
to test the hypothesis, a large amount of data on
focal parameters (in particular, stress drop) is
necessary, that became possible only in recent
years [Sycheva et al., 2020].

It is no doubt, that new models of the earth-
quake source and theoretical approaches to pre-
dictions (explaining the precursors) became the
basis of new prediction methods and algorithms.
But while this very non-trivial problem is at the
development stage, the older but already valid
methods of earthquake prediction, which were
discussed in the previous section, retain their
practical significance.

Foreseeing the next discussions of research
prospects of earthquake predictions (including
short-term ones) it is worth to cite words from
the article: “At the time of Columbus, most ex-
perts asserted that one could not reach India by
sailing from Europe to the west and that funds
should not be wasted on such a folly” [Wyss et
al., 1997]. And we also want to add, that the
western route to India was long and expensive,
but Columbus expedition has justified the cost,
after all. It is futile to refuse the scientific and
social challenge of earthquake forecasting, even
if one feels this goal to be unattainable.

Conclusion

A special resolution on earthquake research
and predictability was adopted at the 35th Gene-
ral Assembly of the International Association
for Seismology and Physics of the Earth’s
Interior (IASPEI), that was held in Cape Town in
January 2009, which followed after many years
of discussion on the possibility (impossibility) of
earthquake prediction. In this resolution, IASPEI,
recognizing the opportunities that recent events
offer for studying the earthquakes, recommends
the scientific community to support the research
on earthquake prognosis and predictability, cer-
tification and comparative testing of forecast
methods.

Materials presented in the review show that
although the earthquake prediction problem is
still far from being resolved, there is a notable
progress in the studies on it. This is confirmed
by the fact that successful mid-term predictions
of the time and place of an earthquake (made not
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retrospectively, but in real-time) are not already
unique. Development of methods and approach-
es for short-term earthquake prediction remains
a pressing challenge that may (or may not) have
an effective solution. However, there is a reason
to believe that the improvement of mid-term pre-
dictive methods will bring them closer to short-
term ones due to reducing the lead time of an
event to the adjacent range (about a month). This
trend is evident for the mid-term predictions
made during the past decade.

It is important for further studies that the
presence of separate seismically hazardous
zones, which “permit” such predictions, has
been actually revealed. One of these zones is the
southern part of Sakhalin Island, where the pre-
cedent of “predictability” of earthquakes with
the magnitudes M < 7 was noted. In these zones,
as well as in the adjacent regions, new studies of
the geological structure of medium, its geome-
chanical properties, as well as seismic process
patterns for the development and improvement
of approaches to earthquake predictions are most
promising.
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CHJIBHBIX 3eMileTpsiceHHi. Taxoke Mmpe/icTaBiIeHbl HalpaBiIeH:s NadbHEHIIINX UCCIEA0BaHUN U TEOPETHYECKUE MOIEIIH,
KOTOPbIE MOTYT CTaTh 0Aa30BBIMHM JJIsl COBEPIIEHCTBOBAHHS IPOTHO3HBIX METOIMK M anropuTMoB. IIpocnexuBaercs
nepexos OT IEepPBOHAYAIBHOM (MCTOPUYECKOH) MOCTAHOBKU IMPOOIEMBI CEHCMHYECKOTO MPOTHO3a K COBPEMEHHBIM
MOAX0/aM K 3TOH mpoOiieMe, OCHOBAaHHBIM HA JAaHHBIX CEHCMOJOTMYECKOro M Treo(M3MYEecKOro MOHHUTOPHHTA,
a Takxe HaOJIIoIeHNH 3a cocTossHIEeM arMocdepbl n HoHOChepsl. OOCYKAAI0TCS TPUMEPHI YCHEIIHBIX IpeICKa3aHni
3eMJICTPACEHHUH, KOTOPbIE MOTYT CBHIETENBCTBOBATh O MOTEHIMANC HEKOTOPHIX ITOIXOAOB, IO KpaiHel mepe ais
OTAEIBbHBIX pPernoHoB (Hampumep, ans CaxanmnHa u Kamuarknm). IIpencrasisiercs, 9TO MPOTHO3BI, YCHEX KOTOPBIX
00yCIIOBIIEH HE CIyJalHBIM YTaJbIBAaHHEM, a WCIIOIB30BAHHEM OINPENEICHHBIX aJTOPHUTMOB MM «pabOoTaIOMNX»
MPEABECTHUKOB, MOTYT OCJIa0HUTh MO3UIMH MECCUMHUCTOB B JUCKYCCHU O MPUHIMIHAIBHON NMPEICcCKa3yeMOCTH WU
HETIPECKa3yeMOCTH 3eMIICTPSICCHUH.

KntoueBble crnoBa: 3emieTpsiceHie, METOIbI IIPE/ICKa3aHui, TPOTHO3 CPEAHECPOUHBIN, KPATKOCPOUHbIi, TIPEABECT-
HHKU reousnueckue, ceicMOIOruIecKue, MOIeNb 04ara, pasaoM
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ABTtops! npusHarenbHsl kouteram B.IL BeikoBy, A.C. 3aky-
muHy, M.B. Ponkuny, A.W. JlytukoBy 3a 00CyXKIeHHE Bax-
HBIX BOIPOCOB M ILIEHHBIE COBETHI 1O padore. Bripaxaem
omaromaprocts I.C. KauecoBoii 3a mMoOMOIIb B MMOATOTOBKE
AQHNIMHCKOU BEPCUU CTAThU.

ABTOpPBI MOCBAMIAIOT 3TOT 0030p nmamsiTn MBana Huxonae-
Br4a TuxoHOBA.

BBepeHue

[Iporuo3 3emileTpsCEHUN IIIUTEINBHOE Bpe-
Ms [OHUMAJICS Kak NpeJcKa3aHue pailoHa (Mme-
CTa), BPEMEHH M MarHUTYbl (SHEPTUH) OXKHJae-
MOro ceiicMuueckoro cobbitusi [3yokos, 2002]".
[IporHo3 Mecra U Cuibl 3eMIIETPSICEHUS. HA JIJIU-
TEJNBHBIN TIepUo (JOATOCPOYHBIN MPOTHO3) B Ha-
CTOsIILIEE BPEMs ACCOLMUPYETCS, KaK MPaBUIIO, C
CEHCMUYECKUM PaHOHUPOBAHUEM PA3JINYHOU CTe-
MIEHU JIeTATHHOCTHU: OOIIKUM CEHCMHUECKUM paiio-
unupoBanuem (OCP), neTanbHBIM U MUKPOCEHCMU-
4ecKuM paiioHupoBanueM. O0Iee ceiicMruueckoe
pallOHUPOBAHUE MMEET MPAKTUYECKOE 3HAUCHUE
JUIsl TIPOEKTUPOBAHUS 3/1aHUW U COOPYXKEHHH B
CEHCMHUYECKH ONACHBIX peruoHax. JlercTBuresns-
HO, KapTbl OCP MOXHO MHTEpIpPETUPOBATH KaK
BEPOATHOCTHBIM IPOTHO3 Ha JACCATUIIECTHS, T.C.
HauOoJee JUIMTENbHBIN Mepuoj U3 paccMaTprBa-
eMbIX ceiicmonoramu. OLIEHUBAETCSI MAaKCUMaJlb-
Hasi UHTEHCUBHOCTb CEUCMHUYECKHX COTPACEHUM
(B 6aimax) [O6wee ceticmuueckoe. .. ,2016]. OCP
OCYILECTBISIETC Ha OCHOBAaHWU COBOKYIIHOCTH
KPUTEPUEB U NPU3HAKOB: IJIOTHOCTH 3€MIIETpS-
CEHUH, UX PHEPrMM U UHTEHCUBHOCTH, I'€OJIOTH-
YeCKUX U reo(pU3MYecKux MPHU3HAKOB, IpauKoB
MOBTOPSIEMOCTH, MAaKCUMAaJbHbIX 3HAYEHUN Mar-
HUTyA (M ), COTpSCaeMOCTH, CEHCMUYECKOM aK-
TUBHOCTHU U JPYTUX MAKPOCEHUCMUUECKUX JaHHBIX
[Apyma, 1985; Shebalin, 2006; Shebalin et al.,
2004; u op.].

Pa3zButne MeETOHOB CEMCMUYECKOrO pano-
HUPOBaHUs, MPOOIEMbI MPAKTUYECKOTO €ro mpo-
BEJICHUsI CO3/1alIi MPEANOCHUIKH Ui Pa3padOTKH
3¢ GEKTUBHBIX M SKOHOMHUYECKHU 11EIeCO00pa3HBIX
CpPEICTB CEMCMOCTOMKOIO CTPOUTENBCTBA, T.€.
pa3IMYHBIX CIIOCOOOB M YCTPOMCTB BHOpAIMOH-
HOT'O KOHTPOJISL, IO3BOJISIFOIIUX YMEHBIIUTh CENC-
MHUYECKUE HArpy3KH Ha 3[aHUS U COOPYKCHUS
[Apymionsan, 2010; Torunbalci, 2004]. B ceiicmo-
CTOMKOM CTPOMUTEIBCTBE LIMPOKO NPUMEHSIOTCS
MIPUHLUIIBI HACCUBHOTO KOHTPOJIA (CEHCMOU30Is-
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1M 37aHUI OT TpyHTa). 1 OTBETCTBEHHBIX 00b-
€KTOB OTpa0OTaHbl TAKXKE YCTPONUCTBA AKTUBHOTO
KOHTPOJIS1, BKJIIOUAIOIUE aNIaparypy s 3al1CH
KoJie0aHMii TPYHTa B PeXHME PEeabHOrO BpeMe-
HU, CUJIOBBIE IPUBOBI, BO30OYXKIaroMIUe MPOTH-
Bo(a3Hble KOJIEOAHUS KOHCTPYKLHUHU, U CHCTEMY
yIpaBJICHUS.

[Tocne omy6nukoBanus makeToB kapt OCP-
2012, koTopble NOMKHBI OBUIM 3aMEHHUTH KapThl
OCP-97, yrBepxknaeHHsle pykoBoAacTBoM PAH wu
Tocctpos Poccum m nmpuHATBIE KaK HOPMATUBBI
CECMOCTOMKOIO CTPOMTENBCTBA, B Poccum pas-
BEPHYJIOCh UX ILIMPOKOE OOCYXJIEHHE HAy4HOIl
oOmiecTBeHHOCThIO. B pesynprare paboT mo co-
BEPILIEHCTBOBAHUIO U aKTyaJIH3alMd dTUX Make-
TOB OBUIM CO3JJaHbl KapThl 0OLIero ceidcmuyec-
KOO0 palloOHMpOBaHUs Tepputopun Poccuiickoi
Oenepanun (Brmrouas nocie 2014 1. teppuro-
puto Kpeima), HasBanublie kapramu OCP-2016
(cM. kxapTy Ha pucyHke). OTBETCTBEHHbIE pe/laK-
Topsl kKapT OCP-2016 — nmpodeccop B.1. Ynomos
(Muctutytr ¢usuku 3emnn um. O.JO. IlImwunara
PAH) u M.W. BormanoB (reHepanbHBIA TUPEKTOP
OOQO «MHCTUTYT T€OTEXHUKU M HHKEHEPHBIX
U3bICKAaHUI B CTPOUTEIBCTBEY).

IIpu nocrpoennn kapr OCP-2016 ucnomns-
30BaJIMCh PA3JIMYHBbIE MOJEIN CEHCMHYECKOTO
peKMMa, B TOM 4YMCIIE BEPOSATHOCTHAs MOJEID,
¢ ycrexom npumenenHas B OCP-97. B oxonua-
TenbHOM BapuaHTe kapT OCP-2016 Gbliu yuTEeHbI
PEKOMEHIALIMN PacIIMpEeHHOro 3acenaanus Hayu-
Horo coBeta PAH mo mpobnemam ceiicmonoruw,
cocrossierocs 24.10.2013 .

JleranbHOE CEMCMUYECKOE PaliOHUPOBAHUE U
MHKpOCEHCMUUECKOEe PaHOHUPOBAHUE MPUHUMAIOT
B pacyeT JIOKAJIbHbIE HHKEHEPHO-TE0JIOTNUECKHE yC-
JI0BUsI (CBOMCTBA IPYHTOB, YPOBEHb IPYHTOBBIX BOJ
U JIp.) ¥ ONpPEAENSIOT MOMPaBKU K MAaKCHMAaJIbHOM
MHTEHCUBHOCTHU CEUCMMYECKUX COTPSCEHNUH 110 Kap-
tam OCP. [Ipu 3T0M Benu4MHa MorpaBky B Oauiax,
KakK [IpaBuiIo, He npesbimaet 0.5.

’ Peaakum[ couia LIeJ'IeCOO6pa3HI)IM JITst yI[O6CTBa quTarenei MIPUMEHUTH B 0630pe CItoco0 CCHUIOK Ha HCTOYHUKH B q)OpMC YKa3zaHus d)aMI/IJ'II/II/I aBTOpa U

rojia oryOJIMKOBaHUS PabOThI.
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[IporHo3 BpeMeHH CEHNCMHYECKOTO COOBITHUS
BBIJICTHIICS B CAMOCTOSTEIIbHYIO MPOOIeMy, CBSI-
3aHHYIO KaK C U3yYEHHEM MPEABECTHUKOB 3eMJle-
TpsiceHu# ((heHOMEHOIIOTUYECKHUE TIOAXO0bI), TaK
U ¢ pa3paboOTKO aJeKBaTHBIX MoOjeNel celcMu-
YECKOTo oyara.

Ota npobiema ocTaeTcsi OAHUM M3 TIIaBHBIX
BBI30BOB TIepe/l Haykamu o 3emuie, a ee PyHna-
MEHTAJIBHOCTh peibe(HO MPOSBUIACH B JUCKYC-
CUM O MPUHIUNHAIBHON MpPEeICcKa3yeMOCTH WU
HEMpPEeICKa3yeMOCTH 3eMIICTPSCEHUN, WHUIIUU-
poBanHOi B 1990-¢ romer paGoramu P. T'emnepa
[Geller, 1991, 1996, 1997; Geller et al., 1997].
B xome muckyccuu 0TMEUYCHO, 94TO IpodIemMa mpo-
THO3a COJEPKUT KaK HAy4YHYIO0, TaK M COIUAJIb-
HO-DKOHOMHYECKYIO COCTaBISIONIYIO [Snieder,
van Eck, 1997]. ConnanbHble 1 SKOHOMHUYECKHE
aCIeKThl CO BPEMEHEM MOTYT TpaHCHOpPMHPO-
BaThCs, YTO BIUSET HA OIEHKY MPOTHO30B M WX
MIPAKTUYECKYI0 3HAUUMOCTh. ITO, OTHAKO, HE BXO-
JUT B 3aJaud JaHHOTO 0030pa. C TOYKHM 3peHHs
HAy4YHOW COCTaBJISIOLIEH MOYXHO OTMETHUTh, YTO
KPUTHKA BBISBICHUS TPEIBECTHUKOB 3EMJICTPS-
ceHus 0a3upoBasiach B 3HAUYUTEIILHON CTENEHU Ha
OIbITe HAONIONEHUN aHOMaNui reoU3nYecKux
nosied B flnonum u I'penyu, B 4aCTHOCTH 110 T€0-
NE3WYECKUM JAHHBIM W AJICKTPOTEIUTYPHUYECKHM
noteHimanam (VAN meton) [Geller, 1996]. On-
HAaKO BBIBOJIBI 00 OTCYTCTBUH JIOCTOBEPHBIX MPE/I-
BECTHHUKOB HE MOTYT MEPEHOCUTHCS] aBTOMaTHYe-
CKU Ha BCE CHUTYallUW, BKIIOYAs UCCIICTOBAHUS B
JIPYTUX PETMOHAX U MPUMEHEHHE HOBBIX METO-
noB. COMHEHHSI B BO3MOXKHOCTH IPOTHO3a 3EM-
JETPSICCHUI yCYTYOMIUCH TIO/ BIUSTHUEM H3BECT-
HEIX NOJIOKECHUIN HEJIMHEMHON TUHAMHKU CUCTEM
(pacxoguMoCTh (ha30BBIX TPACKTOPUI, HEYCTOM-
YUBOCTh NPU H3MEHEHHHM HAYalbHBIX YCIOBHIA
[Koponosckuii, Hatimapk, 2012; Koponosckuii u
op., 2019]) u KoHUENIHUH CAMOOPTraHU30BAHHOU
KPUTUYHOCTH (MHOT/IAa Ha3bIBAEMOW TPETHUM I10-
KOJICHUEeM CHUHepreTuku [Manuneyxuii, [loona-
308, 1997; Bak, Tang, 1989]). [Ipumenenue 3toi
KOHIICTIIIUU K aHaJIM3y MNPUPOIHBIX KaTacTpod
BBIICTIMJIO TAaKUE HEIpelCKa3yeMble CIICHApUH,
Kak, HarpumMep, Mozens sand pile («kyuu necka)
[Bak, Tang, 1989]. OnHako rumnoTe3a 0 COOTBET-
CTBHH TIOTOKA CEHCMHYECKHX COOBITHH MOJIEIISIM
CaMOOPraHW30BaHHOW KPUTHYHOCTH HE JO0Ka3a-
Ha. 3aT0 W3BECTHHI MPUMEPHI SBHOTO HECOOTBET-
CTBUS PEaJbHON CEHCMUYHOCTH TaKUM MOJCIISIM
(mpereAeHThl  YIauHbIX MPOTHO30B 3€MIIETpsI-
cenuii [Shebalin et al., 2004; Wang et al., 2006;
Tikhonov, Rodkin, 2012]).

GEOPHYSICS. SEISMOLOGY

MNMpeabicTOpUA: 0 NporHose
W npeaBeCTHUKaX 3eMIeTPACEeHUN

Ucrtopus uccnegoBanuit mo npoodieme mpo-
THO32 BPEMEHU BO3HUKHOBEHUS 3E€MJICTPSCEHUI
U TPEABECTHUKOB B KaueCTBE HAYYHOU 3aaaqu
OXBaThIBaeT OoJiee MOJIyBeKa. DTOT MEPHUOA, C
OJTHOM CTOPOHBI, XapaKTEPU3YETCs JJAaBUHOOOpa3-
HbIM HaKOIUICHHEM JIaHHBIX O IPEABECTHHUKAX
3eMIIETPSICEHUN, 0COOEHHO B HAYAIbHBIN MEPHOJ
Bpemenu (1960-1970-e ronsr), ¢ apyroit — Bech-
Ma OTPaHUYEHHON BO3MOXHOCTBIO UX HCIOIb30-
BaHMs B PEaJIbHOM IIPOTHO3E.

AKTUBHBIA TIOMCK W HCCJIEIOBAHUS Tpe-
BECTHUKOB 3€MJIETPSICEHUI HAYAIUCh C KPYITHBIX
3eMIIETpsICeHUN B Hadasie XX B., KOTOpPbBIE TIPHU-
Hecau Tubenb JoAsM U 1ensiM ropogam. Cpe-
I CaMbIX CTPAITHBIX U3 HUX — 3eMJICTPSCCHUE
B Kurae (16.12.1920, M = 7.8), yHecliee KU3HUA
6omnee 200 toic. mroneit; B Anonun (01.09.1923,
M = 8.3), BO BpeMsi KOTOpOTro moruomm Oojee
100 ThIC. yenoBek; Ha TeppuTOpur TypKMEHHH
kaTacTpopuiyeckoe Amrxabaackoe 3emieTps-
cenne (06.10.1948, M = 7.3), NOAHOCTHIO pa3-
pyLIUBIIEE TOPOA W JIMINUBIIEE >XU3HH Oosee
100 ThBIC. yETOBEK.

[Tocne 3THX pa3pyLIMTENBHBIX 3eMIeTpsce-
HUI1 BO MHOTHX cTpaHax mupa — B Slnonuu, CILA,
KHP, 6piBiiem CCCP — Haganmucek paboThl 1o op-
TaHW3alMK MPOTHO3HBIX HCClieoBaHUil. B ObIB-
mem CCCP Anixabaackoe 3eMIIeTpsICeHue ciesa-
JI0 mpoOJeMy MPOrHO3a TaKUX TPO3HBIX MPHUPOI-
HBIX SIBJICHUM OJJTHOW M3 aKTyaJbHEHIINX B CTPAHE.
[Ton pyxoBoncTBoM akanemuka [.A. 'amOypresa
ObLTa pa3BepHyTa MPOrpaMMa HCCIEIOBAHHIA 10
MPOTHO3Y 3emieTpsacenuii. EMy ynmanock co3nathb
HACTOJIBKO BCEOOBEMITIONIYIO, TIYOOKO TpOIy-
MaHHYI0 ¥ HayYHO OOOCHOBaHHYIO IPOTPaMMY,
YTO U MO CeH JIEHb OHA HE yTpaTuia CBOETro 3Ha-
YEeHUs] KaK PyKOBOJACTBA K OCYIIIECTBIICHUIO TIPAK-
TUYECKH 3HAYMMOIO IPOTHO3a 3eMJIETPSCEHHI
[[lesnes, 2015]. OcHOBHBIE MpeacTaBieHus ['am-
OypiieBa O COCTOSIHUM W TIEPCTIIEKTHBAX padoT 1o
3TOM mpobaeme ObUTH cHOPMYIIUPOBAHBI B CTAThE
[l ambypyes, 1957] n nocneayronmx ero padorax
(cMm. [Ilesnes, 2015, 2016]).

[Iporpamma ['amOyprieBa Ga3upoBaiach Ha
MPEACTABICHUH, YTO B MPOIECCE CBOETO pa3BH-
THSI 36MHasi KOpa pacwieHsJIach Ha OTHOCUTENb-
HO MIPOYHBIC OJIOKHU, pa3/ieNieHHbIE OCIa0IeHHbI-
MU 30HAMH — CEHCMUYECKUMHU LIBaMU (pasiio-
MaMu). MensieHHbIe OTHOCUTEIbHBIE CMEILIEHUS
3TUX OJOKOB MPHUBOIAT K HAKOTUICHUIO CIIBHTO-
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BBIX HAaIIPSOHKCHUH M X KOHIICHTPAIIUX B OTIpe/ie-
JIEHHBIX MecTax mBa. TaM, rie HanpsHKeHUs mpe-
BOCXOJST Mpe/ieNl MPOYHOCTH, BOSHUKAIOT OYaru
3EMJIETPSICEHUM.

K mnepBbIM 1OCTONHBIM MyOIMKAIUSAM 1O
JIaHHOW mpobneme, commacHo [3yoxos, 2002],
MOXHO OTHECTH HCCJIEAOBAHUS IMPEIBECTHUKOB
Mo JIBMKEHUIO 3eMHOU Kophl [Reid (ed.), 1910;
Mewepskos, 1968; Takaecu u op., 1984]; no us-
BEpKEHUSIM BYNKaHOB [Takacu u dp., 1984]; no
ypoBH0 Mops [Puxumaxe, 1979]; ypoBHto noa-
3eMHbIX BoJ [Cable, 1965]; mo armocdepHOMy
NeKTpuuecTBY [bownuxosckuii, 1954]; mo reo-
aKyCTHYECKON aKTHUBHOCTH [Anyugepos, 1969];
BapUaIMsIM CEHCMHUYECKOTO pexkuma [Mamada-
aues, 1964; Keiinuc-bopok, Manunoeckas, 1966;
Kocobokos, Pomsaiin, 1977]; opuentauuu ocei
HaNpsOKEHU B oyarax ciaObIX 3eMIIETPSICeHHM
nepeq CWIbHBIM 3emierpsiceHueM [Cumobupesa
u 0p.,1974]; nebuty HMCTOYHUKOB IMOA3EMHBIX
Box [Cmupnosa, 1971]; npenBeCTHUKOB reomar-
HUTHBIX [Kato, Utashiro, 1949]; uMmynbCHBIX
ANIEKTPOMArHUTHBIX [Bopobves u op., 1976; [ox-
bepe u op., 1979]; mereoponoruueckux [Puxu-
maxke, 1979]; rpaButaunonHsix [Fujii, 1966];
tepmuueckux [Viomos, 1971; Munvkuc, 1986];
panoHoBbIX [bapcykos, 1970; Viomos, Masa-
wes, 1971]; snexrporemnypudeckux [Cobones,
Moposos, 1970].

Bo Bropoit monosuHe XX — Havane XXI B.
COCTOSIHUE TMpoOIeMBbl TMPOTHO3a 3eMIETpsce-
HUH 0OCYXKJal0Ch B M3BECTHBIX MOHOTpadHsX:
«IIpenckazanue 3emiuerpsceHuit» [Puxkumaxe,
1979; Moeu, 1988], «MeTtonbl MporHO3a 3eMIle-
Tpsicenunii. Ux npumenenue B Anonun» [7Takaeu
u op., 1984], «IlpenBecTHUKHN 3eMIICTPSCCHUI
[Cuoopun, 1992; 3yoros, 2002], «OCHOBBI TpO-
rHo3a 3emuerpscennin» [Cobones, 1993], «Cpen-
HECPOUHBI MPOTHO3 3emiieTpsiceHuid. OCHOBHI,
METO/IMKA, peanusanus» [3aswvsanos, 2006], «Me-
TOJIbI aHAJIM3a KATaJIOTOB 3€MJIETPSICEHUH IS 1ie-
nelt cpeHe- U KpaTKOCPOYHOTO IPOTHO30B CUJTb-
HBIX ceiiCMUYECKUX coObITUIY [Tuxoros, 2006].

Bbu1o monmyYeHO MHOXKECTBO pe3yNbTaroB,
OJTHAKO Cpely HUX HE yHAJIOCh BBISIBUTH aHOMa-
JUW — BapHallH, KOTOPbIE MOXXHO HHTEPIPETH-
pOBaTh Kak OJHO3HAYHBIE TTPU3HAKU OXKUIAEMOTO
CHWJIBHOTO 3emileTpsiceHus. Bapumanuu reodusu-
YEeCKUX U APYTUX IMOJIeH — TUIIOTETUYECKUE TIPeI-
BECTHUKH — PETUCTPUPOBAIHCH HA (OHE IIyMa,
COIMPOBOXKIAIOIIETO Teoe(hOPMAITMOHHBIN TPO-
necc [3yoros, 2002; Kocoboros, 2005]. B Takux
YCJIOBHUSIX KpPOME Bapualllii, CBA3aHHBIX C TOJI-
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TOTOBKOI ouara 3eMJIeTpsCeHHUs, OTMeUYaIicCh Ba-
pHALMK TEX K€ MOJIEH U B aCECMUYHBIN NIEPUOL,
YCIIOBHO Ha3bIBA€MbIC JIOKHBIMU TPEBOTaMH. JTO
00CTOSATENBCTBO B psific pabOT pacleHUBAIOCH
Kak Heymada nporHosa [/pymsa, 1985; [yghenvo u
op., 2011].

OHO fano moBOJ ANl CKENTHYECKOTO BbI-
BOJa, copMynupoBaHHOTO B pabote [[/lesHes,
2015], mpo omubouyHOCTh BEIOPAaHHOM CTpaTeruu
pemeHusi mpoOJieMbl MPOTHO3a MECTa TOTOBS-
LIETOCsl o4ara 3eMJIeTpsiCeHHUs. DTO 3aKIIOUCHHE
OTHOCHUTCS K MCTOJb30BAaHUIO B IIENIAX MPOTHO32
«METOJIOB pelIeHHs 0OpaTHBIX 3a7a4 (pacro3Ha-
BaHUS 00pa3a) MO Pa3pO3HEHHBIM KOCBEHHBIM
MpHU3HAKAM — aHOMAJIUSAM B PA3JIMYHBIX MOJISAX:
ceficMuYecKkux, AehopMalliOHHBIX, THAPOTEOIO-
THYECKUX, TCOXUMHUYECKUX, DIEKTPOMArHUTHBIX
U MHOTUX Jp.» [[lesnes, 2015, c. 195]. Anbrep-
HAaTHBHBIE METOABI, T.€. MpsiMas 3agada OOHa-
PYXKECHHS MeCTa M BPEMEHHU 3eMIICTPSICEHHS I10
MpU3HaKaM, KOTOpbIe C HEOOXOIUMOCThIO BO3HU-
KaT npu (GOpMUPOBAHUM ouara, TpeOyroT pas-
BUTHS aJ€KBATHBIX T€OMEXaHUYECKUX MOJIETCH.
Ho sta mpobnema, mo-BHIuMOMY, €Iie CIOXKHEe
MIPOTHO3a 3EMJIETPSICEHUM, €€ pPELIEHUE MOXKET
3aTAHYThCS Ha JUIUTeNbHOE Bpems. brictpoe co-
BEPIICHCTBOBAHUE METOJOB PELICHUSI 0OPaTHBIX
3a/la4 TO3BOJISET HANEATHCA Ha MPOJBIKECHUE B
npobaemMe MpPOrHo3a, a BO3MOXKHO, U Ha TPaKTHU-
YECKM 3HAUYMMBIC PE3YJIbTaThl (XOTS MPOTHO3BI
OyZIyT ocTaBaThCsl BEpOSTHOCTHBIMHU). [loaTomy
TPYIHO COIJIACUTHCS C BBIIICU3IOKEHHBIM 3a-
KITIOUEHUEM.

[Tpou3zomieamnive B KOHIIE MPOLLIOTO BeKa Ka-
tactpoduueckue 3emiuerpsicenust B Kurae, Hra-
nmuu, SAnonwuun, Upane, CIIA (B Kanudopuun),
B Typuuu u na tepputopuun ObiBuiero CCCP B
Crniutake 1 Hedreropcke BO30OHOBUIIM HHTEpPEC
K MCCIIEZIOBAHMIO 3aJ]aul IIPOrHO3a 3eMJIeTpsce-
Huit [Kocobokos, 2005; 3aswsnos, 2006; Tuxo-
Hos, 2006].

B CIIIA mpob6nema mporHosa 3emierpsice-
HUIl Obuta monHsATa B cepenuHe 1960-x romos.
CoBmecTHO ¢ SImoHMel OBUIO MPOBEACHO MHOMKE-
CTBO KOH()EpeHINi, HO HUKaKNUX CEPbE3HBIX pe-
3yJABTATOB HE MOCJEI0BAIO BIUIOTH 0 CO3AAHUS
B 1977 r. HauimonanpHOM mporpaMMbl CHHXKEHUS
onacHocTtu 3emierpsicennit (National Earthquake
Hazards Reduction Program) [Scholz, 1997]. On-
HOM U3 ee 3a/au craja pa3paboTka METOJI0B IIPO-
THO3a 3eMJIETPSICEHUI U CHUCTEM paHHero mpen-
YOPEKACHHUS.
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B 1984 1. craproBan Ilapkdunbackuii sKc-
niepuMeHT [Bakun et al., 2005], mocTaHOBKa KO-
TOPOTO ONMHUpaNach Ha KBa3UIEPUOAUYHOCTH BO3-
HUKHOBEHUS 3€MJIETPSICEHUI Ha IaHHOM Yy4acTKe
pasznoma Can-Anzapeac (Kamudopuus, CIIIA).
OpHako M 3TOT PKCHEPUMEHT HE MO3BOJIMI Ipa-
BWJIBHO CIPOTHO3UPOBATh BpEMs OYEPETHOTO
3emnerpsiceHust [Roeloffs, Langbein, 1994]. B
1990 r. aKk1eHThl ObUTH CMEIIECHBI C MPOTHO3a Ha
cmsiruenue ymepba [Mervis, 1990]. B 1995 .
HaumonaneHasg akazemusi Hayk NpoBejia KoJ-
10kBUYM «IIporHo3 3emneTpsiceHuil: BbI3OB IS
HayKu», KOTOPBI HE CMOT J1aTh HUKAaKOM HOBOM
uHpopmaruu 17 npeackazanuii [Knopoff, 1996].

B Snonun mporpamMma mo mnpeacKa3zaHHUIO
3emieTpsiceHuid Hadanack B 1964 r. [Bormann,
2011] natunetHum 1uanom [Rikitake, 1966]. B
1978 r. mporpaMmMa 3aHsu1ach IIPOrHO30M 3€MIle-
TpsiceHuil ¢ M > 8. JInutenbHOe BpeMsl BBIITIOJIHS-
I0TCs HAOJIOZICHUS 3a paiioHoM BOM3u Tokuo, Tae
01.09.1923 npowusonuio pazpymmTeIbHOE 3eMIIe-
Tpsicenue, M = 8.3. Ha 3ToM HEOOBIIIOM y4acTKe
BILIOTHh 110 3emieTpsicenus B Kobe (17.01.1995,
M =7.3) O6b1IH COCPEOTOUEHBI OCHOBHBIE HCCIIE-
IOBaHUA SAMOHCKUX cercmornoros. Ilocne 1994 1.
B SlnoHuM OBLIO Pe3KO yCUIIEHO (UHAHCHPOBAHKE
CEHCMOJIOTHYECKHX MCCIIEJOBAaHUM, CO3/1aHa O/THA
13 HamOoJee TUIOTHBIX CETeH CEMCMUYECKHX |
GPS-crannmii (paccrostHue MEXIy CTaHIUSIMH
50-100 k™). JlaHHBIE ATOM CETH OBUIA HCIIONb-
3oBaubl [Tikhonov, Rodkin, 2012] nns cpenue-
CPOYHOTO MPOTrHO3a 3eMIIETPACEHUS] TOKauM-OKU
(26.09.2003, M= 7.3), KOTOpBIA OmNpaBIAiCs
yacTuyHO. B camoii SlmoHuu He OBLIO CIeNaHo
MpeACKa3aHuii 3TOro 3emjerpsiceHus. B Hacros-
1iee BpeMsi OCHOBHBIEC YCHITHUS SITOHCKUX CEHCMO-
JIOTOB HAIPaBJICHBI HA BBISBICHUE HAa KOHTAKTaX
IUTUT YYaCTKOB ¢ HEOJHOPOMAHOCTSIMH (asperities,
nocinoBHO miepoxoBatocTsimu [KowapsH, 2016]),
KOTOpBIE, IO UX MHEHUIO, SBISIFOTCS MOTEHIIUAIb-
HBIM UCTOYHUKOM MX «3alETJICHUs» U, CJIeI0Ba-
TENBHO, (HPAKTOPOM, OMPEICIISIONIUM IOCIEIyIO-
€€ HAKOIUJICHUE YPOBHS HANPSKEHUN.

B Kurae nocne ycnemHsoro nporsosa 3emie-
TpsiCeHUsI B OKpecTHOCTH T. XaitueHr (04.02.1975,
M ="17.3) npousonuio karacrpoduyeckoe TaHIIaHb-
ckoe 3emuerpsicenue (18.07.1976, M = 7.3), e
MIPOSIBUBILIECECS B PSAJIE IPEIBECTHUKOB ((POPIIOKH
U Jp.), 32 KOTOPBIMH OCYILECTBISAIOCH CIEKEHUE.
Bcenen 3a fAnonueit u CIIIA B Kurae napamusa-
I0TCA CETU CEHCMOJIOTUYECKUX U TeOPU3NIECKUX

CTaHLMH C LETbI0 U3y4eHUs (PU3MYECKUX IOJIEH
ceficMoakTuBHBIX oOmacteld. [lociae MoIIHOTO
3eMJIeTpsICEHHs] B KuTalckol mpoBuHLIUU Chluy-
anb B 2013 . OBUTO pelIeHo BIOXKHUTHh B MPOTHO3
celicMuueckux yaapoB 6omnee 300 MIH IO IS
CO3/1aHus B HauOoJee OMAaCHBIX palioHaX CTPaHBI
cetr u3 5000 craniuii HAOIIOACHHUS, LIEJIb KOTO-
PBIX — paHHEE MPEeAyNPEeXICHUE O CUIHLHOM 3€M-
nerpscenun (https://www.epochtimes.ru/kitaj-
sozdast-sistemu-ekstrennogoopoveshheniyao-
zemletryaseniyah-99035049/#/) .

B Poccuu B 90-X rogax mpouuioro CToiaeTHs
nociue pacnaga CCCP u ¢akTuueckoro mpexpa-
nieHuss (PMHAHCUPOBAHUS HAYUYHBIX HCCIIEIOBA-
HUWA OBUIM CYIIECTBEHHO CBEPHYTHI KOMILIECKC-
HBbIC MCCIICJIOBAaHUSI CEHCMOAKTHUBHBIX OOQIacTEH
(yTpadeHsbl HE TOJBKO re0(pU3NIECKUE TOTUTOHBI
B ['apme u Tanrape, HO U, YaCTUYHO, COOpaHHBIE
JMaHHbIE). DTO MPEIOIpeenIo yracaHue HWHTe-
peca k npoOieMe u3yueHus npoiecca aehopMu-
pOBaHUsA, MPOUCXOJALIETO B o0NacTu Oyaylero
ouara 3emuietpsiceHus. OCHOBHOM ymop B Ipo-
THO3€ 3eMJICTPSICEHUH CTaJl IeNIaThCsl HA TIOWCK B
OCHOBHOM KOCBEHHBIX re0(hU3NUeCcKUX MpeaBeCT-
HUKOB M CTaTUCTUYECKUN aHajIn3 3aKOHOMeEp-
HOCTel celicMuyeckoro pexuma [Cobones, Mo-
po3sos, 1970; Kossobokov et al., 1990; Cobones,
2003; Pozoowcun u dp., 2011; Sobolev et al., 1991].
OTBICKMBAIOTCS JIMOO OOJIACTH CEHCMHYECKOTO
3arumnbs [Pyorcuy, 1996], nubo, Haodboport, oba-
CTH MOBBILIEHHOW KOHIEHTPALUU CEHCMUYHOCTH
[3asvsnos, 1986].

Knaccudukaums nporHosoB
U NpeABeCTHMKOB 3eMJIeTPSICEeHUM

HaxkonyeHHBIM OrpOMHBIM MaTepuall IO
IIPEIBECTHUKAM 3€MJICTPSICEHUN B OIPEAEIICHHOMN
CTENEHU CHCTEMaTU3UPOBAH, U B HACTOSIIEE Bpe-
Ml CYIIECTBYET HECKOJIBKO KJIacCU(pUKAIMI ITpe-
BecTHUKOB. B 2011 1. E.A. Poroxwun Ha KoH(epeH-
uuu «IIporno3 3emnerpsiceHuii: TOTOBA JIM K HUM
Poccust u mup?» 3asBui1, 4yTo cnaboil CTOpoHOI
U3yUYEHUs MPEIBECTHUKOB SABISAETCS TO, YTO HET
HUKAKOW CIIeIUAIBHOM CITy’)kKOBI B HaIlel crpa-
He, KOTopasi Bela Obl KOMIUIEKCHOE HaOIIO/IeHUE
3a BCEMU IIPEIBECTHUKAMU. B 3THX yClOBHsIX Bce
uMeronMecss KiacCu(pUKaluyd MpPEeABECTHUKOB,
KaK 1 BUJIOB IPOTHO3a, HECKOJIBKO YCIIOBHBI.

B 3aBucMMOCTH OT BpEMEHHU NPOSBICHUS
IIPEIBECTHUKA OTHOCHUTEIIBHO MOMEHTa 3eMIle-
TPSICEHUsI IPOTHO3bI PA3ACIAIOTCSA Ha JOJIIO-

* O603HaYCHUS MarHuTyn B 0630[)6 COOTBETCTBYIOT 0003HAYCHUSAM UX B HCTOUHHKAX.
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TEOCUCTEMBI MEPEXOAHbLIX 30H, 2022, 6(3)

CpPOYHBIE, CPEJHECPOYHBIE U KPATKOCPOYHBIE.
Crnenyer oTMETUTh, YTO Ha MPAKTHUKE MOAOOHOE
paszzeneHue TOCTaTOuYHO YCIOBHO, OCOOEHHO 3TO
OTHOCHUTCSI K KPAaTKOCPOYHBIM U CPEAHECPOUYHBIM
IPEIBECTHUKAM.

Jlonzocpounvlii npocHo3 OCHOBBIBAETCS Ha
0COOEHHOCTAX T'€OAMHAMUYECKHUX IPOLECCOB B
pEeTHoHe, TPOSBISIOMINXCS KaK W3MEHEHHs Ha-
PsKEHHO-1€(DOPMUPOBAHHOTO COCTOSIHUS 3€M-
HOM KOpBI U CBSI3aHHBIE C ITUM M3MEHEHHs Ceic-
MHYECKOTO PEKUMa (TaKkue KakK MOSBJICHUE 30H
CEMCMUYECKOTO 3aTHUILbs, BapUallMU CKOPOCTEMN
MPOXOAALINX CEHCMUYECKHX BOJH). Jlonrocpou-
HBIM TIPU3HAKOM TIOATOTOBKM OYara 3emiieTpsice-
HUS Tak)Xe MOXKET OBITh KOHCOJIWZAMs OJIOKOB
3eMHOM KOPBI U COIYTCTBYIOIIEE YBEIIMYCHHE pa-
Jyca Koppensuil ceficmuueckux coobituit. Kak
ObUIO YIIOMSIHYTO, (PYHKIIHIO TOJITOCPOYHOTO IIPO-
IHO3a MECTa M CHJIbI 3eMJICTPSCEHHS (DAaKTUUECKH
BBITIOJTHSIET CEHCMHUUECKOe PalOHUPOBAHUE.

Cpeonecpounwiii npocHo3 NaeT BOBMOXKHOCTh
MOJYUYUTh MPEAYNPEXKICHUE O CEICMUYECKOM CO-
OBITUU OT HECKOJIBKHX HENEIb WM MECAILEB 0
HECKOJIBKUX JIET. DTOT MPOTHOCTUYECKUH ypo-
BEHb MpEAToaraeT CleHapuil pa3BUTHS MIPOLEC-
ca paspylLIeHus 10 JaHHBIM CEHCMOJIOTUYECKOTO
MOHHUTOpPHUHTA, a TaKXe TEKyIIUX HaOIIOMCHHMA
3a TeOU3NICCKUMU TIOJISIMHA, U3MEHEHHUSIMH Ha-
KJIOHOB 3€MHOIl MOBEPXHOCTH, PEKUMHBIX Ha-
OmoneHuil Haa AeOUTOM M XMMHUYECKHUM COCTa-
BOM BOJHBIX MCTOYHUKOB M TNIYOOKHX BOJSIHBIX,
HE(QTSIHBIX M Ta30BBIX CKBaXHH. Vcmomnb3yroTcs
(dbopmann3oBaHHBIE KPUTEPUHU OIICHKH CTaTUCTH-
YECKOH 3HAYMMOCTH KaXKIOTO M3 BO3MOXKHBIX
MPEIBECTHUKOB U UX KOMILIEKCA.

TeopeTnueckoid OCHOBOW TpeACTaBICHUH
0 CpPEeJHECPOUYHBIX MPEIBECTHUKAX SIBISIOTCA
MOJIENTH, ONHCHIBAIOIINE CYIIECTBEHHOE YBEIU-
YeHue Heymnpyroi nedopmanuu (B 4acTHOCTH,
JUJIaTaHCUM, T.€. BO3pacTaHus oObema mpu Je-
dbopmanmu cIBUra) Mo MeCTy OyayIero odara u
B OKpy»Karomiei ero 3one. Hanbonee m3BecTHbie
MOJIEJIH: CKaYKOOOPa3HOTO CKOJIBXKEHHs OJOKOB
(stick-slip), TaBUHHO-HEYCTOMYMBOTO TpPEIIH-
HOOOpa3oBaHUS M AWJIATaHTHO-IU(D(Y3HOHHAS
monenb [Cobones, 1993; Scholz, 2002]. B3aumo-
CBSI3b MEXKIy pa3MepaMu o4ara U pacCTOSHUEM,
Ha KOTOPOM MOTYT TOSIBUTHCSl TIPEIBECTHHUKH,
MIpOAHAIM3UPOBaHA B 0000meHUu [/0oOposons-
ckuti, 1991]. B atoli pabore Oblia mpemioxeHa
KOHCOJIMIAIIMOHHAsI MOJIeNTb OYara 1 Ha €e OCHOBE
MOJYYEeHbl KOJIMYECTBEHHBIE OLIEHKH YIOMSHY-
TBIX PacCTOSHHUM. JlJI1 BpPEMEHH OKHJAEMOI0 CO-
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OBITHUS TIOJOOHBIX OIIEHOK HE TMOoJIy4eHo. B aToii
CUTyallill yCTaHaBIMBaIOTCA (EHOMEHOJIOTnYe-
CKHE CBSI3M MEXKIY MapaMeTpaMu MpeaBECTHUKOB
U 3eMJICTPSACECHUSMHU, KOTOpbIe B AallbHEHIIEM
WCTIONB3YIOTCS JJIsSI OIEHKA MECTa M MarHUTYIbI
oXKuJaeMoro semierpscenus [Apyms, 1985; Mop-
eynos, 1999; Tikhonov, Rodkin, 2012]. Ho Bpems
COOBITHS MPOTHO3UPYETCS B TEUCHHE XapaKTep-
HOTO HWHTEpBalia JJIUTEIBHOCTHIO JO HECKOIb-
kux jeT. CpeHecpOoYHbIe MTPOTHO3bl OTKPHIBAIOT
BO3MOXKHOCTH /I YTOYHEHHUS OIEHOK BPEMEHH
COOBITHS, T.€. 711 MHOTOATAITHOTO MPOTHO3a Ha
OCHOBE JIONIOJTHUTEIBHBIX JTAHHBIX TSI BBIICICH-
HOTO «TPEBOKHOTOY» PETHOHA (CM. HIKE).

Kpamxkocpounwiii npocnosz — nporHos ¢ 3a-
OaroBpeMEHHOCTBIO OT HECKOJBKHUX CYTOK JO
HECKOJIbKHUX Hellelb 10 coObITUsl. CunTaercs, 4To
IIPH 3TOM MOTYT COXPAHSTh CHIIY BBIIICOMUCAH-
Hble MeTonsl [/pymsa, 1985; Mopeynos, 1999].
Bmecre ¢ TeM 0co00 3HAYMMBIMH CTAHOBSTCS
aKTUBU3ALIMK TIpollecca M3MEHEHHs HampsKeH-
HO-J1e()OPMHUPOBAHHOTO COCTOSIHUS (B YACTHOCTH,
¢dopiiokoBeie cepun). Pazmuunble KpaTKocpod-
HbIE TPEIBECTHUKH: CEUCMOJIOTUYECKUE, OIJICK-
TPOMAarHUTHBIC, THAPOTCOXMMHYECKHE U Ap. (B
3aBUCUMOCTHU OT METO/a HAOIIONECHUI, CM. HUXKE)
OIMPAIOTCS Ha CICIUATM3UPOBAHHBIC (PH3nIeCc-
KM€ Mofenu, oOuias MoJeNib UX BOSHUKHOBEHUS
Bps I MOXET ObITh pazpaboTana. Tak, Hampu-
Mep, MIUPOKO pacHpoCTpaHEHHAss MOAENb Ceic-
MOXJIEKTPUYECKHX B3auMocBszei [Hayakawa,
Molchanov (eds), 2002] oObsicHsieT BO30YyKIeHNE
EKTPOMArHUTHOTO TIONSA TIEpeN 3eMIeTpsice-
HUEM pa3/ieJIeHUEeM 3apsiioB Ha KOHTaKTHOW IO-
BEPXHOCTH, BJIOJIb KOTOPOH MPOU30UAET CeCMU-
YyecKasi OJBUKKA.

VIMeHHO KpaTKOCPOUYHBIN MPOTHO3 OKa3aycs
B (OKyce JHMCKYCCHU O BO3MOXKHOCTH WJIM He-
BO3MOXKHOCTH TIPEJCKA3aHUs 3€MJICTPSICEHUH 10
HaOmonaeMbIM nipeaBectHrukam [Cobones, 1993].
AprymeHTanusi 0 mIpakTU4eCKONH HEBO3MOXKHOCTH
KpPaTKOCPOYHBIX MPOTHO30B Oblia MpencTaBieHa
B pabotax [Koponoeckuii, Haiimapk, 2012; Kopo-
Hosckuil u op., 2019; Geller, 1997; Geller et al.,
1997; Gufeld et al., 2011; Snieder, van Eck, 1997].
Ho Takxxe m3BecTHBI 1 pabOTHI ¢ 0OHAIEKNBAIO-
IUMH pe3yJIbTaTaMH O KPaTKOCPOIHBIX MPOTHO-
3ax [Mopeynos, 1999; I'aspunos, 2007; [l]exomos
u op., 2015; Tuxonos u dp., 2017; Hayakawa et
al., 1996; Rozhnoi et al., 2009].

Ceepxkpamkocpounblii (onepamueslii) npo-
2HO3 C BPEMEHEM OINEPEKEHUS OT HECKOIbKUX
CEKYHJ[ 10 HECKOJIbKUX YacCOB PacCMaTpPUBACTCA
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B HEKOTOPBIX paboTax Kak MpeAeNbHBIA Cilydaii
KpaTKOCPOYHOTO TIporHo3a [/laposviuinulil u op.,
2015]. dakTuuecku, MOAXOAbl K ONEPATHUBHOMY
MPOTHO3Y PEIIAIOT Ty K€ 3a7ady, YTO U METOJIbI
paHHEro OOHAapYXEHHUs MOJBIKEK B ceicMHUuec-
koM ouare. CBepXKpaTKOCPOYHBIE MPOTHO3bI aK-
TyaJibHBl B CBSI3U C BBIBOJAMH HEJIMHEHHON -
HAMUKHU O HaJUYMHU «TOPU30HTA MPOTHO30BY, 3a
KOTOPBIM JETEPMUHUPOBAHHOE OIMCAHHUE MOBE-
JICHUsI CIIOKHBIX JIMHAMHUYECKUX CHUCTEM HEBO3-
MOXHO [Manuneyxuii, Iloonazos, 1997]. Jlns 301
0YaroB 3eMJIETPSICEHUN 3a TOPU3OHTOM IMpecKa-
3yeMOCTH MOTYT OKa3aTbCs MEPUOJIbI OKUIAHUS
COOBITHS JUTUTEIHHOCTHIO MOPSIIKA HEACTH, KaK Y
KpaTKOCPOYHBIX MPOrHO30B [Koponoeckuu, Haii-
mapk, 2012]. I1pu 3TOM cpeaHECPOUHBIE TPOTHO-
36l OTPAXXaIOT HE cCaMO NMPUOIMKEHUE Pa3pbIBa,
HO COMYTCTBYIOIINE CHHXPOHHBIE MPOIIECCHI.

MeToapl, HA OCHOBE KOTOPBIX MPOUCXOIUT
M3y4€HHUE NPEIBECTHUKOB 3€MJIETPSICEHU, OOBIY-
HO TOZpa3AesisAloT Ha IeojlorThyecKkue, reopusu-
YecKue, TUApOreoOXuMUYecKue, OMOJIOTHYECKuE,
reoMexaHu4ecKue, ceiicMonornyeckue u ouodu-
3UUYECKHUE.

Teonocuueckumu METOAAMH U3y4aroT pa3io-
MBI U TPELIMHOBATOCTh MOPOJ KaK OJUH U3 (ax-
TOpPOB, KOTOPBIN OINpenessieT BO3MOXKHOE MECTO
OyIyIIero 3eMIIeTPSICEHUSI.

leogpuzuueckumu MeTOHaMH OIEHUBACTCS
IJIOTHOCTb, 3JIEKTPONPOBOJHOCTh, MAarHUTHAas
BOCIIPUUMYHUBOCTh, CKOPOCTH TMPOIOIBHBIX H
MOTIEPEYHBbIX BOJIH, U3MEHEHUE HANpPSIKEHHOCTH
ANIEKTPOTEJUTYPUYECKOTO U TE€OMarHUTHOTO IIO-
et u T.a. Ocobas rpynmna reopu3nyeckux Mme-
TOJOB — HOHOCQEpHbIe [hyuauenxo u op., 1996;
Molchanov, Hayakawa, 2007], KOTOpbIMU B Tie-
pHUOJ Tepen 3eMJICTPACCHUSIMU aHAIU3UPYIOTCS
M3MEHEHUE MOJHOIO 3JIEKTPOHHOTO COJAEP KAHMS,
M3MEHEHUE NapaMeTPOB MPOXOASAIINX PaAHUOBOIH
U JIPyTrUe BapUallHH.

T'uopozeoxumuueckue MeTolbl OCHOBaHbI Ha
M3MEPEHUHU COMIEPIKaHUSI XUMUYECKUX JIEMEHTOB
B IPYHTOBBIX M CKBOKUHHBIX Bojiax. Omnpenenser-
Csl coleplKaHue pajoHa, renus, (ropa, KpeMHU-
CTOW KHCIIOTBI M JPYIMX 3JI€MEHTOB. VX KOHIEH-
TpalKU MOTYT CIIy’KUTh HanOoJiee XapaKTepHbIMU
MIPEIBECTHUKAMH MPEICTOSIINX 3eMIICTPSICEHUH.

T'eomexanuueckue IPEIBECTHUKH CBSI3aHBI C
nedopMareil TOpHBIX MOPOJ, JBMKEHUEM OJ10-
KOB M MErabJjoKOB B CEIICMOAKTUBHBIX PErHOHAX.

K ceiicmonocuueckum mMeTomamM BBISIBICHHUS
MPEABECTHUKOB MOXHO OTHECTH OIpe/esieHHe
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OTHOUICHHS] CKOPOCTEN MPOJIOJIbHBIX U IMOIEepey-

HBIX BOJIH, OTHOIICHMSI aAMIUTUTY/A Pa3IU4YHBIX

TUTIOB BOJIH, ompezesieHne Kod(h(UIIMEHTOB IOo-

[JIOUICHHS U PAcCEMBaHUS, BHIYUCICHUE YaCTOTHI

MPOSIBIICHUS MUKPO3EMIICTPSICEHUI, BbBIACTICHHIE

30H BPEMEHHOM aKTUBHOCTH U 3aTUILbs. B 3Ty ke

TpyHIy MPEeIBECTHUKOB €CTECTBEHHO OTHOCHUTh

u Oosee CIOKHbBIE MapaMeTpbl, KOTOPbIE paccuu-

THIBAIOTCA TIO0 CEWCMOJIOTUYECKUM JaHHBIM: Ta-

pameTp ceiicMoreHHbIX pa3preiBoB Kcp [3asvsnos,

2006], xapakTepUCTHKH KOppeasiuuil ¢ ¢dazamu

JYHHO-COJTHEUHBIX NpuiuBoB [Canmuikos, 2016,

napaMeTpbl yHOpsSA0YeHHOCTH HU3KOYACTOTHOTO

cericMuueckoro myma [Jlrooywun, 2011] u ap.
buonoeuueckue u buoghuzuueckue npenBecT-

HUKU CBSI3BIBAIOT C MPOSBICHUSMH HEOOBIYHOTO

MOBEACHUSI >KMUBOTHBIX, KOTOPOE, MPEANOI0KH-

TEJbHO, BBI3BAHO M3MEHEHHUSIMHU Te0(U3UIEeCKUX

noJsieil. OTU NMPEABECTHUKH MPENoaaraoT u3me-

HeHus B Omocdepe (B YaCTHOCTH, B TOBEICHHH

HEKOTOPBIX OOBEKTOB) MPU aHOMANUSX Teo(u-

3MUYECKHUX ToJei 3eMin nepes 3eMIIETPSICEHUEM.

[IprMepoM TakuX aHOMaJIMM MOTYT CIIy’KHUTb Xa-

PaKTEepUCTUKA €CTECTBEHHOIO JJIEKTPHUECKOTO

noJisi B atMmocdepe. Bonpoc o 1ocToBepHOCTH ISt

onoduznuecknx (OMOMOTUYECKUX) TPEIBECTHU-

KOB e11ie 0oJiee CIIOPHBIA, YeM IS IPYTHUX.

CelicMonioruyeckye rnapameTpbl o CTETEeHU
3HaYUMOCTHU 00Pa3yIoT CIEAYIOIUN PsIa:

e [lapamerp, ompenensieMblii MO MEPEeCEYCHHUIO
ocell cxkatus B o4arax 3armyONeHHBIX (opIo-
KOB M YKa3bIBAIOIIUN HA MECTO O4ara rotoBsi-
mierocs 3emietpsicenus [3axaposa, Pozoowcun,
2000, 2001, 2004];

e [lapameTrp, XapakTepu3yIOUIUH HAMPSHKEHHOE
COCTOSIHHE CpeZbl MO ONPEAEIEHUI0 TEH30pa
ceficmuueckoro momeHta (Centroid Moment
Tensor) [FOnea, 1996, 1999];

e RTL-nmapameTp, OCHOBaHHBIA Ha BBIACICHUU
AHOMaJIMM CEHCMHUYECKOTO 3aTUIIbs MO TPEM
XapaKTEepU3YIOIMUM CEUCMUUYECKUN PEXKUM
(GyHKIUSAM: SMUICHTpaNbHONW R, BpeMeHHOU T
u sHepretuueckoil L [Cobones, Tionkun, 1996,
1998];

e [lapameTphl MOTOKA CEHCMHYECKHUX COOBITHH,
HCIIOJIb3yEeMbI€ B aJrOpuTMax «MarHurty-
na 8» (M8) u «Cuenapuit Mennocuno» (MSc)
[Kossobokov et al., 1990];

e [Tapamerp S s (GOPIIOKOBOM aKTHUBU3AIUH
[Cobones, 1993, 1999].

Vcnonb3yst KOMIUIEKC Hambosee J10CTOBep-

HBIX JIOJTOCPOYHBIX, CPEIHECPOUHBIX M KPATKO-
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CPOYHBIX CEMCMOJOTUYECKUX MPEIBECTHUKOB,
MOKHO Ha MPAKTHKE OCYLIECTBIATh MOHUTOPUHT
MOTEHIMATbHBIX OUYaroBbIX 30H U OLIEHHUBATh OIe-
paTUBHYIO OOCTAHOBKY, BBISBISTH MEPUOIBI TO-
BBILICHHOW BEPOSTHOCTH 3€MJICTPSICEHUMN.

«PaboTocrmocoOHOCTEY TEO(U3NUECKUX TIPET-
BECTHHUKOB JIOKa3aHa Ha MPUMepe YCIIEIIHOIo Mpe/i-
ckazanusi Kponoukoro 3emnerpsicenus 05.12.1997,
M, = 7.8 [3aevsno6, 2006]. I10 3emieTpsiceHne
npousonuio B Kamuarckoii o6nactd, XOpoIIo
o0ecreyeHHoi CcucTeMamMu TreoPU3nIecKux Hu
T€OXUMUYECKUX HAONIONEHUI 3a MPOTHO3HBIMHU
MIPU3HAKAMH.

B pabore [Jlooywun, 2011] nana cpenne-
CpoYHas OIIeHKa CeCMMUYECKOW OmacHOCTU Ui
Oonblelt 4acTu TeppuTopuu SMOHUHM MO mMapa-
METpaM MHUKPOCEHCMHUYECKOTo Iryma (BO30yxk-
JIGHHOTO 3a CYET Pa3rpy3Kud MPHUPOAHBIX Ta30B
[Ocuxa, 1981; Boiimos, [Jobposonvckuii, 1994;
Iygenvo u op., 2010]). A.A. JIroOymmn ykazan
Ha TIOBBIIICHHYIO BEPOSTHOCTh BO3HUKHOBEHHUS
3eMJIETpsICEHUS B 3TOM paiione nocie 2010 1., T.e.
B KaHyH Mera3emiierpsicenus Toxoky 11.03.2011,
M=8.9-9.1.

BaxusiM mpumepoM mnpumeHeHHs 3(pdek-
TUBHBIX TIPOTHO3HBIX METOMIOB SIBIISIETCS PSI
YCIENIHBIX CPETHECPOYHBIX TPOTHO30B 3EMJIe-
Tpsicenuid Ha Caxanune, BblaHHbIX M.H. Tuxo-
HOBBIM. MeTO/IOM CeliCMUYECKOTO 3aTHUIIIbsI (BbI-
sBIeHUs ceiicmuueckoii Opem II pona) B 2006 1.
ObUI cenaH CpEeIHECPOUHBIH IPOTHO3 3emJe-
TpsICEHUsI Ha Ioro-3amagHoM menbde CaxanuHa,
KOTOpbIM peanusoBaicsi B HesenbckoMm 3emie-
tpsiceann 02.08.2007, M = 6.2 [Tikhonov, Kim,
2010]. Taxxke ObLT BbIAAH MPOTHO3 TakoHCKOTO
post 3emuieTpsiceHuil, wuronb—ceHTsIopsr 2001 T,
¢ HaubOonee cuiabHBEIM coObiTHeEM 01.09.2001,
M = 5.6 [Tuxonos, 2001, 2002], u 3emiuerpsce-
nust Tokauu-Oku 26.09.2003, M =8.0, M =73y
0. Xokkaiino, Anonus [ Tuxoros, 2006; Tikhonov,
Rodkin, 2012].

s Hesenbckoro 3emnerpsicenust 02.08.2007
Tux0oHOBY ymalioch clenarh YCIEUTHBIM KPaTKo-
CpPOYHBIN MPOTHO3 Ha OCHOBE MOAX0/10B b. BoiiTa
(B. Voight), . Bapneca (D. Varnes) u Mmoznenu ca-
Mopa3BHuBaromuxcs npomeccos A.M. Manblesa
(OM3KOM K OMHCAaHUI0 «PEKUMOB C 000CTpPEHH-
eM» B KOHIICHIIMH CUHEPreTHKH). Bo Bcex ATux
oJaxoJax ObICTpOE, B3PHIBHOE HAapacTaHUE aK-
TUBHOCTH (DOPIIOKOB CUUTAETCS KPATKOCPOUHBIM
MIPEIBECTHUKOM 3€MJICTPSICEHHUSL.

[Tozxe B 0000menun [7Tuxoros u op., 2017]
OBLIO BBITIOJTHEHO PETPOCIIEKTUBHOE MOJIEIMPOBA-
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HUE TnocienoBarenbHocTel cnabbix (M ~ 2.0-3.0)
MeNKO(OKYCHBIX 3emieTpsceHuil rora Caxanu-
Ha 3a nepuon 2003-2014 rr. mo Meroxgy camo-
Pa3BUBAIOIIMXCS MPOLIECCOB Ha OCHOBE JAaHHBIX
Karajora JiokaiabHOW cetu. IlocTpoeHsl Mmare-
MaTHYECKHE MOJEIN HEJIMHEHHOIOo HapacTaHUs
KyMYJISITUBHOM CYMMBI 4YHCJIa TOJYKOB I€pen
cIbHBIMH (M = 4.6—6.2) coObrTusiMu. [TomyueHnsl
KpaTKOCPOYHbIE MPOTHO3HBIE OIIEHKU MapaMeTpa
T, (BpeMeHY BO3HUKHOBEHHS CUJIbHBIX TOJIYKOB)
C BBICOKOM CTETIEHBIO TOYHOCTH. [I0Ka3aHa ycTon-
YUBOCTb OJyYaE€MbIX PELICHUH MpU BapbUpOBa-
HUW JIJUTEIHLHOCTH WHTEpBajga oOpabOTKH JaH-
HBIX Karanora. s manbHEHIINX HCCIeI0BaHUN
HEMaJIOBAXXHO, 4YTO B 0000meHnu [7Tuxoros u
op., 2017] nporuossl ¢popMyIupoBaIUCH U IMPO-
BEPSUTUCh C YUYETOM TEXHHUYECKUX TpeOOBaHMIMA
Caxanunckoro ¢ummana Poccuiickoro skcmepr-
HOTO COBETA I10 YPE3BbIYANHBIM CUTYaLUAM. DTH
TpeOoBaHUs K 3a071arTOBPEMEHHOCTH ¥ HHTEPBAITY
MarHuTyj ObUIM HECKOJBKO MSArde TeX, KOTOphIe
BBIIBUTAJINCH B mepuoj onTumusma B XX B., T.€.
JOMyCKaJaich Oojiee MIMPOKHE HHTEPBAJbl JUIS
BPEMEHU M MarHUTY/bl IPOTHO3UPYEMOTO COOBI-
tus. Eciin ucnonbs3oBarh «IpakTUYHBIE», XOTS U
KOMITIPOMHUCCHBIE TPEeOOBaHUS K OIIEHKE IPOTHO-
30B M.H. TuxoHOBa, MOXHO 3aMETHTh, UTO I
HUX TIOJHOCTBIO COOMIOMAeTCs MPHUHIMI TPO-
BEPKHM T'MIIOTETHYECKHX MPOTHO30B 3eMiIeTpsce-
HUH, MOI00HBIN onMcaHHOMY B paboTax [Evison,
Rhoades, 1993, 1997].

Hannuue HecKoNbKMX YyAAuHBIX HPOTHO-
30B 3eMJICTPSICEHUN B I0KHOHM vacTh CaxanmHa
U TIPUJIETAIONINX aKBaTOPUSX MOXKHO YBSI3bIBATh
c Oornee wiIM MeHee OJHOPOIHBIM (B CpPaBHEHHH
C IpYyI'MMH CEHCMOOIIaCHBIMM 30HAMH) paclpese-
JICHUEM HaIlpaBJICHUN TJIABHBIX CXKAaTUs M pacTs-
YKEHMSI BJIOJIb IPOTSHKEHHBIX PA3JIOMOB: 3anaaHo-
Caxanunckoro u lenTpanbHo-CaxaJuHCKOIO
[Tamayposa, 2015; Cum u op., 2017, 2020]. B
UUTUPOBAHHBIX paboTax pe3yapTar 00 ymops-
JIOYEHHOCTH (MEHBIICH HEOAHOPOIHOCTH) OBLIT
MOJY4YeH MO JAHHBIM O CTPYKTYpHO-reoMopdo-
JIOTUYECKUX U CEHCMOJIOTMYECKUX HMHANKATOpax
HaNPSKEHHOTO COCTOSTHUS KOPBI.

Ynops104eHHOCTD 110J1s1 HanpsKeHui — Ona-
TONPUATHBIN (akTop A Pa3BUTUS HOBBIX WIH
aJlanTallid UMEIOUINXCS METOAOB (aJITOPUTMOB)
nporHo3a 3emierpsiceHuil. IlokazaTenbHBIM
IPUMEPOM MOXKHO CUYHUTATh pPa3pabOTaHHBIM B
UMIul’ IBO PAH anroput™m SeisASZ [3aky-
nun, 2016] m1st cpeIHECPOUHOTO MPOTHO3a 3EM-
nerpaceHuid nmo aHoManusm mapamerpa LURR
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(load to unload response ratio), ONMHMCHIBAIOIIETO
paznuure npupocta nepopmanuu benvodda B
MepUOIbl IBYX pa3HbIX (ha3 JTyHHBIX MPHUIUBOB
[Yin, Yin, 1991; Lockner, Beeler, 1999; Yin et
al., 2001]. A.B. Hukonaesbim napamerp LURR
OBLIT BBE/ICH MPU aHAIN3€ TPUTTEPHOTO BIUSHUS
JIYHHO-COJIHEUHBIX NPUIUBOB [Hukonaes, 1994;
IIpupoomnwie... , 2000]. Kuraiickumu ceiicMoo-
raMu ObLIO MPEIJIOKEHO HCIONb30BaTh aHOMA-
JMU 3TOTO OTHOULIEHUS (3HAYUTEIbHOE OTIMYME
OT €JMHHUILIBI, T.€. 3HAYEHUS, COOTBETCTBYIOIIIE-
ro yIpyroi wWin BSI3KO-yIpPyroi cpeze) B Kaue-
CTBE MPOTHO3HOTO mapameTtpa [Yin et al., 1995].
AHomanbHble 3HaueHus napamerpa LURR, T.e.
3HAYUTEIbHOE pa3jinyue peakuuil cpeqpl Ha J10-
0aBKy U YMEHbILIEHUE Harpy3Ku, yKa3bIBalOT Ha
CTaJUI0 Heynpyroi neopmanuu cpeasl B 00ia-
CTH TOTOBSIIErOCsS ouyara 3eMJIETPSICEHUSI U BO3-
HUKHOBEHHUE 30HBI 3aIPEIEIbHOTO 1e(hOopMUpo-
BaHus [3axynun u op., 2020; Pebeyxuit, 2021].
CoOCTBEHHO, 3TOT peXUM JepopMaluu U SBIISI-
eTcsl Mpu3HaKkoM Oyayuiero 3emiierpscenus. Ilo
Mepe JajdbHEHIIero mpuOIMKEeHUs K pa3pylie-
HUIO MPOMCXOAUT JIOKAJIM3alMs Heynpyroi (3a-
npenenbHoi) nedopmanuu, u napamerp LURR,
BBIYUCIISIEMBIH N1 OOJIBIIOTO OXBAaThIBAIOIIETO
o0beMa, BO3BpaIlaeTcss K OOBIYHBIM 3HAYCHUSM.
Kak nmokazano B padorax A.C. 3akynuHa, CUJIb-
Hble 3emieTpsiceHuss Ha CaxalnHe HPOUCXOIAT
B CPOKH, HE MpEeBbILIAIOLIME 2 JIET Mocie 3aBep-
menust anomanuu napamerpa LURR [3akynum,
2016, 3axynun u op., 2018]. C moMomp0 aj-
roput™Ma SeisASZ B omepaTUBHOM pexume (He
PETPOCIEKTUBHO) OBLIN BBISABICHBI JBE 30HHI,
IJ€ HPOTHO3UPOBAIUCH 3emileTpsceHus. Brio-
CJIEICTBUM B HHUX IMPOU3OIUIN 3EMIETPICEHUS:
Onopckoe, 14.08.2016, Mw = 5.8, u KpuiboH-
ckoe, 23.04.2017, M = 5.0. IIpencka3aHHble 3Ha-
YEHUs BPEMEHU M MAarHUTYIbl COOTBETCTBOBAIIH
HaOmoneHHbIM [3akynun, Cemenosa, 2018]. Ha
3acemanusix Caxamuackoro ¢(unmmana Poccwuii-
CKOT0 SKCIIEPTHOTO COBETa MO Ype3BbIYATHBIM
cuTyanusiM o0a mporHo3a ObUTH MPU3HAHBI pe-
aNM30BaHHBIMU. TakuM 00pa3oM, € IOMOILBIO
HOBOTO MeTojia Oblia MOATBEP)KIEHA BO3MOXK-
HOCTB IIPOTHO3a 3€MJIETPSICEHUH B I0)KHON YaCTH
0. CaxanuH, KOTOpasi paHee OTMEUYeHa B paboTax
N.H. Tuxonosa [ Tuxonos, 2006, 2009; Tikhonov,
Rodkin, 2012] xax yIUBUTENbHBIA MPELEICHT
npenckazyemoctu. [Tapamerp LURR moxeT cuu-
TaTbCs OJHUM U3 3P(EKTUBHBIX CPETHECPOUHBIX
MIPEIBECTHUKOB.
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OTHOCHUTETPHO HMOHOC(EPHBIX MPEABECT-
HUKOB MOXXHO YIOMSHYTbH ITPOMEXYTOUYHBIN pe-
3yJIbTaT — pa3paboTky B IHCTUTYTE MpUKIagHOM
reousuku (PocruipoMer) KOMIUIEKCHOTO Me-
TOJla aHalM3a MPEIBECTHUKOB 3eMIIETPSICEHUH,
KOTOPBIN UCIIONB3YET CITYTHUKOBHIE U Ha3eMHBIE
U3MEPEHUS IMOJTHOTO SJIEKTPOHHOTO COAepKa-
HUS HOHOC(EPHI, TEMIIEPATypPhl B HUKHUX CJIO-
sx aTMoc(epsl U psga APYTUX MapameTpoB IS
BBIJICJICHUS TIPU3HAKOB MPUOIUKEHUS TOITYKOB.
Ha nmanHOM sTame ¢ MOMOIIBIO 3TOW CHCTEMBI
I 3eMJeTpsiceHuid ¢ M > 5.5 ynaBanoch npe-
CKa3bIBaTh BpEMs COOBITUS C YIPEXKACHHUEM [0
OATH CYTOK, MPUYEM MECTO OXHAAEMOI0o CO-
OBITUS CYUTAJIOCh W3BECTHBIM WM HAJEKHO
MPOTHO3UPYEMBIM Jpyrumu Metogamu. Ilo cra-
TUCTHKE OMpaBabiBacTca okojo 60 % Takux
noHocdepurix mnporHo3zoB (Cayxba mporHo-
3a 3emuieTpsceHui, https://ecoportal.su/news/
view/70133.html). [IpeanonoxuTeabHO, B Jab-
HEWIlIeM BO3MOXKHO yCOBEPIIEHCTBOBaHUE ITOU
CHUCTEMBI Ui KPAaTKOCPOYHOTO MPOTHO3a CHUIIb-
HBIX 3€MJICTPSICEHUU.

Cnenunanuctamu CHOUPCKOTO OTHACICHUS
PAH u Cubupckoro HUU reomnoruu, reopusnku
¥ MUHEpaJbHOTO ChIpbs B 2012 1. 6b1T pa3pado-
TaH METOJl AKTUBHOTO MOHUTOPHHIA, IPHU KOTO-
pPOM HCIIOJIB3YIOTCS MOIIHBIE BUOPAIIMOHHBIE
MCTOYHMKH, CO3/IAI0IIUE BO3MYIIICHUS C aMIUIH-
Tynoi Harpy3ku no 100 1. Takue BuOpanmoH-
HBI€ HCTOYHUKH TO3BOJISIOT MOJIy4YaTh JaHHBIE O
CTPOCHHUH 36MHOM KOPBI U, B MEPCIEKTUBE, BO3-
NENCTBOBATh HA OYard rOTOBSALIUXCS 3E€MIIETpS-
CEHMI JUIs yIIPaBIIIEMOU pa3psIKU HAPSKEHUH,
T.6. MHUIMUPOBATH CIa0ble 3eMIICTPSCCHUS U
MOJTy4aTh MPOTHO3HYIO WH(OPMAIIMIO O BEPOSIT-
HOCTH CHJIbHBIX.

B 3aBepiienue 0630pa moaxo/10B K MPOTHO-
3y 3eMJIETPSICEHUN IPUBEIEM U3BECTHBIE CITydan
3a077arTOBPEMEHHBIX TMPOTHO30B CUJBHBIX 3€M-
nerpsiceHui (M > 5.5), KOTOpbI€ BIOCIEACTBUU
MOATBEPAWINCH U MO3TOMY CUMTAIOTCS YCHEHl-
HBIMH (CM. Tabnuy). B Tabnuiy Takxke BKiode-
HBl 3 PEeTPOCHEKTHUBHBIX MPOTHO3a, CACTaHHBIE
B koHIIe XX — Havasie XXI B., KOTOpbIE UMEITH
BaXHOE 3HAUCHHE: OHU MPOJAEMOHCTPUPOBAIIH,
YTO KPUTHUKA JIOCTOBEPHOCTHU IMPEIBECTHUKOB
semnerpsicenus [Geller, 1991, 1997] moxert
OBITh PEO0ICHA WIIN CYIIECTBEHHO OcabieHa.

XOoTsl KOMWYECTBO YCHENIHBIX IMPOTHO30B,
CIeJIaHHBIX B PEaJbHOM BPEMEHH, HEBEJIMKO, HO
OHO 3aBeJOMO O0JIbIlIe TOT0, KOTOPOE MOTIIIO I0-
JYYUTHCS MPU CTyYailHOM yTaJbIBaHUU. JTO 03-
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Ha4aeT HECOCTOATEIbHOCTh HWIIM, I0 KpanHei
Mepe, OrPaHUYEHHOCTH ITPEACTABIECHUI O IPUHIU-
[MAJbHOW HENPENCKa3yeMOCTH 3E€MJICTPSICEHUM.
BonbIIMHCTBO yKa3aHHBIX B TaOIMIIE TPOTHO30B —
cpeanecpounblie. KparkocpouHble TPOrHO3bI Xak-
yeHrckoro u Hesenbckoro 3emuierpsiceHuid ObLIN
CIEJIaHbl MOCIE CPEAHECPOUHBIX MPOTHO30B, T.C.
KaK YTOYHEHHUE MPHU MHOTOATAITHOM IPOrHO3UPO-
BaHnU. /[ns Bcex 11 mpruMepoB ynauyHbIX MPOTHO-
30B 3E€MJIETPACEHUM MCIOIb30BAINCH PA3IMYHBIE
CEHCMOJIOTMYECKHUE MPEABECTHUKH, OHH ChITPaIn
KITFOYEBYIO POJIb JIJISl IPOTHO30B, C/IEJIaHHBIX B pe-
KUME peasbHOro BpeMeHu. [IpuMepsl mpor1o3os

semnerpsicennid Tokaun-oku, 2003 u IukoraH-
ckoro, 1994 mMoryT cBHIETEIHCTBOBATH O «pabo-
ToCrocoOHOCTHY anroputMoB M8 u MSc, xots
Il TIPAaKTUKU KpaiiHe jkenaTtelibHa 0ojiee BBICO-
Kas 3 PEKTUBHOCTb.

Tabnuua CBUAETENBCTBYET, UYTO pe3ylbTa-
TUBHOCTb CEHCMOJIOTUYECKMX METO/I0B IMPOTHO3a
OKa3aJlach BBIILLE, YeM JPYTHMX METONOB: Teo(u-
3U4YecKUX (BKJIIOYash HOBEWIINE, HOHOCQEpHBIE
METO/IbI), T€0JIOTUYECKUX, THIPOTCOXUMHUYECKUX.
Tak yTO OMIMOOYHBIM MOXKHO CUUTATh yTBEPKIIe-
HUE, YTO PAa3BUTHE COBPEMEHHBIX CEMCMUYECKUX
CeTeil He 1aj10 MPOJBUKEHHUS B ATOI 00acTu.

Tabuamua. YiauHbele NpOrHO3bl 3eMJIETPSICEHUM ¢ MarHuTynou M > 5.5

e M HaszBanme (mecto), Bun mporro3a, mporHoCcTHYECKHE TapaMeTpHlI.
CTpaHa JIutepaTypHbIii HCTOUHUK
04.02.1975 | 7.3 | Xaitaenrckoe, XaldeHr, | @opuiokogsie NOCIe008aMeENbHOCHU U Opy2ue AHOMATUU.
Kuraii MHoroaTanHbIi NpOrHO3, BKJIIOYas KpaTKOCpOUHbIN. Jlonroe
BPEMsI 3TO 3eMIIETPSICEHNUE CYUTAIIOCH €IUHCTBEHHBIM
MPELe/ICHTOM IIPOTHO3a, B PE3YJIbTaTe KOTOPOTo ObUTH
CBOEBPEMEHHO ITO/IaHbI CUT'HAJIBI TPEBOTH, CTAJI OYCBHIHBIM
(hakT criaceHws JIIONEH, IIOKUHYBIINX 30aHus [Raleigh et al.,
1977; Wang et al., 2006]
16.08.1976 | 7.2 | Conrnan, Kuraii Dopuiokogvie nociedosamenvHocmu. MHOTOITAIHBIN ITPOTHO3
[Raleigh et al., 1977; Jones et al., 1984]
29.05.1975 | 7.3 | Jlonrnuxr, Kurait Dopuiokogvie nociedosamenbHOCMU. YCTICITHBIE TIPOTHO3BI
3emuierpscennii CoHrHas n JIOHIJIMHT 0cTaBaINCh Kak OBl B
TEHHU COOBITHUSI XaHUeHT, TOCKOJIbKY B JAHHOM CITy4ae TpeBora
He 00bsBIsIIach. OHHU BaXXKHBI KaK TIOATBEP)KACHHE,
yTo XaifueHr — He YHUKAIBHBIN city4ail [Raleigh et al., 1977]
04.10.1994 | 8.1 | lukoranckoe, FOxHbIe | [Ipedckazano ¢ nomowwio arcopumma M8 B IHCTHTYTE TEopHn
Kypmisckue o-Ba, Poccust | mporrosa 3emmerpsicennii PAH [Kossobokov et al., 1990] u,
Hezasucumo, B UMI'ul” JIBO PAH [Tikhonov, Rodkin, 2012].
05.12.1997 | 7.7 | Kponoukoe, Kamuarka, PerpocnexrusHsIi [3asvanos, 2006]
Poccus
25.09.2003 | 7.3 | Tokaun-oxu, Xokkaiimo, |PerpocnexkrusHsiii [Shebalin et al., 2004; Tuxoros, 2006;
SlmoHns Tikhonov, Rodkin, 2012]
15.11.2006 | 8.3 | Cumymmpckoe, Kypuno- | JJonrocpounstii [@edomos, 2005]
OXOTCKUH peruoH, Perpocnekrusnslii [ Tuxonos u dp., 2008; Shebalin, 2006]
Poccus
02.08.2007 | 6.1 | HeBennckoe, CaxanuH, CpenHecpouHbIi POTHO3 N0 HOSGNIEHUIO CEeLLCMUYECKOU
Poccus opeww II pooa v KpaTKOCPOUHBIH IPOTHO3 110 HAPACAHUIO
gopuoxosoii akmuernocmu [Jlesun u dp., 2007, 2007a;
Tuxonos, 2009; Tikhonov, Kim, 2008, 2010]
11.03.2011 | 9.1 | Toxoky, Anonus CpenHecpouHbli, 0 XapakmepucmuKam ceticMudecko2o
wyma [JTro6ywun, 2011]
30.01.2016 | 7.2 | XKynaHoBckoe Ceticmonozuueckue, ceousuieckue, 2eoXUMUYECKue
3eMIIETpsICEHHE, npedsecmuuky. [IpU3HAHbI YCIIEITHBIMU 3 MPOTHO3a Pa3HBIX
Kamuarka, Poccust aBTOPOB, CACNAHHBIC B pEaJIbHOM BpeMeHH [bonouna,
Konwinosa, 2017; Jlapuonos u op., 2017; @upcmos u op., 2017,
Gavrilov et al., 2020]
14.08.2016 | 5.8 | OHopckoe, CaxanuH, Cpemaecpounslii mporao3 no napamvempy LURR [3axynun
Poccus u op., 2018]

GEOPHYSICS. SEISMOLOGY

155

GEOSYSTEMS OF TRANSITION ZONES, 2022, 6(3)



I-IpOI'HO.? 3eMﬂeTp,qC8Hl/ll;l B XXI Beke: npeabicTopusa N KoHuernunu, npeBeCTHUKU 1 ﬂpOﬁ]’leMbI

CoBpeMeHHble noaxoAabl
K npobneme nporHosa
3eMneTpACcCeHnn

HecMoTpst Ha MHOTOJIETHUH OTBIT UCTIOIB30-
BaHUs IaHHBIX O Pa3JIMYHBIX MPEABECTHUKAX 3EM-
JETPSICEHUH, 3a/laya MPOTHO3UPOBAHUS BpEMEHU
3emieTpsiceHuil He perieHa. C OJHOW CTOPOHHI,
HAaKOIUICH OTPOMHBIA Marepuaj Mo MPOSBICHUIO
Pa3IUYHBIX TMPEIBECTHUKOB U €CTh OT/CIbHBIE
yaa4du, HO ¢ Apyrod — B 90 % cilydaeB CHIBHOE
3eMJIETPSACEHUE BO3HHMKAET HEOXKUAAHHO. Takoi
pe3yJNIbTaT MOKa3bIBAET, YTO HAIITH MPEICTABICHUS
0 MEXaHU3ME T'eHepalliy 3eMJIETPSICEHUH MTOKa J1a-
JIEKH OT MOJIETTU PEaTbHOTO MPUPOJHOTO MPOLEC-
ca (31ech Ha/I0 COMIACUTHCA C aBTOPaMU pabOThI
[Bakun et al., 2005]). MHorue mpencTaBiIeHHs O
MPOIIECCEe TTOTOTOBKY 3€MJICTPSICEHUSI 3aUMCTBO-
BaHbl M3 MEXaHUKH U HE YYHUTHIBAIOT OCOOCHHO-
CTU CTPOEHHUSI CEMCMOTE€HHBIX YYaCTKOB 3€MHOMU
KOPBI — pa3IOMHBIX 30H [Pebeyxuii, 2008].

Takum o0pa3oM, Ipu BCeM OOMIIMU TIPOBE-
JIEHHBIX U TMPOAHAIM3UPOBAHHBIX HAOIIOICHUH,
MECTO, BpeMsl U MarHuTyaa Oyayliux pa3pyiiu-
TEJIbHBIX 3E€MJIETPSACEHUM Ja)Xke B XOpOIIO W3-
YYEHHBIX PEruoHax MO-MPEKHEMY OKa3bIBaIOT-
csl HEO)KUJaHHBIMU. TeM He MeHee HeoOXO0IUMO
cobupaTh HOBBIE, JOMOJHHUTENIbHBIE HaHHbIe. Ho
kakue? KoMiieke BO3MOKHBIX TApaMeTPOB B TOM
VI WHOM MHOTOIPHU3HAKOBOM (haKTOpE MOXKHO
BapbUPOBATh U PACIIUPATH OECIpeneIbHO, O/IHA-
KO paMKH peasbHbIX BO3MOXKHOCTEH 3aCTaBIISIIOT
KaK-TO €r0 OTPaHUYIUBATh.

MHorue uccienoBaTeln MpenIaraloT CBOU
MyTh UCCIIEOBAHMS MTPOOIEMBI MTPOTHO3a 3eMJle-
TPSICEHUH.

Hexotopsie [[orboun u op., 2001] rnaBuyto
Hay4YHYyIO0 TPOOJIEeMYy BHIAT B TOM, YTO IPOIIECC
MOJITOTOBKH 3eMJICTPsICEHUH (TeMm Ooliee pa3HbIe
BO3MOXKHBIE €TO CLIEHAPUU) HEAOCTATOUHO MOHST.
[maBHas 1enp HOBOTO ATama MOHUTOPHHIOBBIX
WCCIIEIOBAaHUI — ATO MOJIy4eHHE JaHHBIX B 04aro-
BBIX 30HAaX. JTH JaHHBIE OyAyT CIIOCOOCTBOBAThH
1 OoJiee MOJTHOMY MTOHMMAHHIO T€OIMHAMUYIECCKUX
MIPOLIECCOB, 3aKAHYMBAIOILIUXCS 36MIIETPACEHHUEM,
Y IOCTPOCHUIO TEOPUH (PU3UKU 0YATOBBIX 30H.

Hpyrue [llesnes, 2015] cumrarot, 4To MO-
MBITKA PEIIUTHh MPOOIEeMy MPOTHO3a 3eMIIeTpS-
ceHuil 0e3 HUCIOJIb30BaHUs KaKUX-JIMOO MOJIEe
MOJATOTOBKH W peau3alii 04aroB 3eMIIeTps-
CeHUil, MeToJaMi OOpaTHBIX 3a/1a4 C TMOMOIIBIO
M3MEpEHHs] U aHalIu3a Pa3sHOPOIAHBIX aHOMAJH
B Pa3JIMYHBIX T€OPU3UUECKUX M JAPYTUX TOJIX,
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HE YBEHYAJIHUCh YCIIEXOM M3-32 HEKOPPEKTHOCTH
MOCTaHOBKM 3a1a4. A B pabore [[lesnes, 2016]
MPECTaBICHB OCHOBHBIE TMOJIOKEHUS Jedopma-
[IMOHHOW MOJIEJIN TOATOTOBKM OYara KOpPOBOTO
3eMJICTpSICCHUST  (TMTOATBEPAMBIIEH pPalMOHAIb-
HOCTh TaMOYPIIEBCKOTO IyTH K MPOTHO3Y KOPO-
BBIX 3€MJICTPSICCHMIA), a TaK)KE BBIBOJABI M3 ITOU
MOJIENU. DTH BBIBOJIBI MO3BOJISAIOT caenarh 000-
CHOBaHHOE 3aKJIFOUEHHUE O TOM, YTO U3YUYEHUE Jie-
dbopmarmii 3eMHOM MOBEPXHOCTH TEOJIE3MUECKH-
MU METOJIaMHU TTO3BOJISIET OCYIIECTBISATh TOYHBIM
MPOTHO3 MECTa O4ara TOTOBSIIETOCs 3eMIIeTpsice-
HUSI, @ TAKXKE ONPENENATh MAKCUMAIIBHYIO CHITY,
KOTOPYIO OH crocobeH moponuts. s peanusa-
[IUU ITOTO MPOTHO3a HEOOXOIUMO HA BHIOPAHHOM
M0 TeM WJIM UHBIM COOOpPaXXCHHSIM yUacTKe ceic-
MOTE€HHOM 30HBI CO3/1aTh T'€0/I€3NYECKOE MOCTPO-
€HUe, TI03BOJIAIONICE ¢ HEOOXOAMMOM TOYHOCTHIO
ompenensaTs BuA naedopmaruii 3eMHON MOBEpX-
HOCTH Ha MCCJIEAYEMOM y4acTKe, T.€. JOCTOBEPHO
yCTaHaBIMBAaTh BUJI YIIPYTOr0 H3r1u0a rOpHBIX MO-
POl B cily4ae, €CJIM Ha 3TOM Y4acTKe HJIET IMpo-
1[ecC MOATOTOBKHU oyara 3eMJIeTpsiCeHHs. B aToi
paboTe Takke pacCMaTpUBAIOTCS TAKUE BOMIPOCHI,
KaK MPOTHO3 CHJIBI U BPEMEHU 3eMJICTPSICEHUs, U
MpEIaratoTCs MyTH PEIICHUS ATUX 3a]1a4.
CornacHo [Kuccun, 2013], 3emuetrpsceHus
HEOOXOMMO paccMaTpUBaTh KaK CHUCTEMY, KO-
TOpasi SIBJSETCS YacThio OoJiee KPYMHOW CHCTe-
MBI — T€OAMHAMUYECKHUX IpoieccoB. M3yuenue
3TOTO TMPHUPOIHOTO SIBJICHHS TPEOYyEeT CUCTEMHOTO
TO/IXO/a C IEbI0 BHISBICHUS HAnOOJee BaKHBIX
MIPUYUHHO-CJIEACTBEHHBIX CBsi3ei. [[ns monyue-
HUS 3HAHWM, JOCTATOYHBIX JJIsi OCYILIECTBIICHUS
MPAKTHYECKOTO MPOTHO3a, TPEOYIOTCS KOMILJIEKC-
HbI€ MCCJIEJOBAHUS IO JBYM OCHOBHBIM HalpaB-
JICHUSIM:
® reocpena, €€ CTPYKTypa, HEOTHOPOAHOCTh M
MPOYHOCTHBIE CBOMCTBA, BBIJCICHUE YUACTKOB,
MOJIBEPKEHHBIX CEHCMUYECKHUM e hOPMAIIHSIM;
* XapakTep HaMpsHKeHHO-Ie(hOPMUPOBAHHOTO
COCTOSTHUS T€OCpe/Ibl; (paKkTOphl, HA HETO BIIU-
SIOIINE; TEeKTOHUUECKUE HANPSDKEHUSI, UX pac-
npeneyieHne U U3MEHEHHUs 110 CUJIe U Tapame-
Tpam.
[lepBoe HampaBieHUE — HUCCIEIOBAHUE CPE-
JIbI, €€ CBOMCTB M TOMOJIOTUH C MO3UIIUH TTOCTPOE-
HUS (HOPMATM30BAaHHBIX TEOPUH MTOITOTOBKH 3€M-
JETPSICEHUSI — TMO3BOJISAET MOIYYUTh AlpPUOPHYIO
nH(pOpMaIMIO, HEOOXOAUMYIO ISl BBIICICHHS
00BEKTa MCCIEAOBAHUS U3 OKPYXKAIOIICH Cpellbl,
a TaKke MHPOPMAIIMIO O CTPYKTYPHOM CTPOCHHUH
cpenbl 1 00BEKTa UCCIIeIOBAHUN — 30HBI (DOPMHU-
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poBaHus ovara. CornacHO KOHLENIHUU reopu3u-
yeckoit cpeasl M.A. Caposckoro [Cadosckuti,
1986], xoTopass B Hacrosiiee BpeMsl SIBISETCS
oO0I1enpU3HAHHOM, Teocpesia UMeeT OI0KOBOE He-
papxuyeckoe caMonoA0OHOE CTPOECHHUE, KOTOpOe
U OIIpENEISAET BOBMOXKHOCTD CpEe/ibl HAaKaIlJIuBaTh,
nepepacnpeesiaTh, HOMIOMATh U U3JIydaTh SHEp-
ruto. IMeHHO Takre 0COOEHHOCTH CTPOEHUS cpe-
JIbI OTIPEIEIISIIOT CIeU(PUKY CeHCMUYECKUX TPO-
ueccoB [Cadosckuti, [Tucapernxo, 1991].
l'eocpena obnmamaer sipko BBIPAKEHHON He-
OJJTHOPOJHOCTBIO, KOTOPAsl ONPEAEINIETCS JTUTOIIO-
ruei, TEKTOHUKOW U JIByX()a3HOCThIO (HAJTIMYHEM
bmrounoB) [Kissin, 1997]. Jlutonornyeckasr He-
OJHOPOJHOCTb Cpeibl OOYCIIOBIMBAET pE3KHe
pa3ianurs B MEXaHUYECKUX U MPOYHOCTHBIX CBOM-
CTBax MopoJ B 001acT (OPMUPYIOILIETOCS O4dara,
KOTOpPBbIE MOTYT JOXOAUTH 0 2—3 MHOPSAAKOB IO
BenuuuHe (Hampumep, ansd moxyns lOwnra). Ilo-
ATOMY CEMCMUYECKUN MPOLECC U €r0 MOArOTOB-
Ka OyIyT UMETb CBOM OCOOEHHOCTH ]ISl 04aros,
PacroNIOKEeHHbIX B IITyOOKMX YacTSIX MOIIHOTO
0CaJIOYHOTO MOKPOBA, [0 CPABHEHHUIO C OYaramu
B KOHCOJMJMPOBAHHON KOpE€, MNPEICTaBICHHOMN
KPUCTAJUTUIECKUMU TIOPOJAMH.

Hapsiny ¢ 0cOOEHHOCTSIMU CTPYKTYpBI T'eo-
cpeapl (T.e. BHYTpEHHHMH (HaKTOpaMu) JUIs
YCIENTHBIX MTPOTHO30B 3eMJICTPSCCHUI Tak)Ke Ba-
’KEH y4eT BHEUTHUX BO3/IEUCTBUMN, KOTOPbIE MOTYT
CIIY’)KUTb TPUTTE€paMU Isi BOBHUKHOBEHUS TNHA-
MHUYeCcKol monaBmwkku B odare [Cobones, 2011;
Sobolev,2011]. D10 00ycnoBaeHo caMuM (hakToM,
YTO HEMOCPEICTBEHHO IMEpes 3EMJIETPSICEHUEM
MacCHUB TOPHOM MTOPOABI HAXOAUTCS B COCTOSTHUH,
OMM3KOM K HEYCTOMYMBOMY PaBHOBECHIO, WIIH,
JIPYTMMHU CJIOBaMHU, B OKOJIOKPUTHYECKOM COCTOSI-
Huu. [Ipy TakMX COCTOSIHHUSIX MOTYT IPOUCXOUTh
3HauUUTeNbHbIC AeopMany Jaxe npu HeOOoIb-
INX BapHUalUsAX HAMPSHKCHUS, BO30Y>KIACMBIX,
B YAaCTHOCTH, BHEIIHMMHU BozacicTBusMu [Co-
oones, Ilonomapes, 2003; Maxapos u op., 2007,
Toxbepe, Konocnuywin, 2010]. Tlpu sToM co3na-
I0TCS YCJIOBHS AJisi O0Jiee MHTEHCUBHBIX CEelcMO-
AIIEKTPOMArHUTHBIX B3auMocBsizert [Molchanov,
Hayakawa, 2007] u, BO3MOXHO, Te0(hU3HUECKHUX,
B YACTHOCTH 3JIEKTPOMArHUTHBIX aHOMAJUH.

PeanbHOCTh TpUTTEpHBIX 3(](PeKToB M HX
BaKHasi poJib B CEMCMHUYECKOM Ipoliecce ObLia
MOJTBEPKICHA B SKCIIEPUMEHTAX M0 (PU3NIECKO-
My MOJICTMPOBAHHUIO BO3JEHCTBUI Ha oYar 3eM-
netpscenuii [Caodosckuil u op., 1981; Cobones u
op., 1995; Cobones, Ilonomapes, 2003 ; Kykcenxo
u op., 2003; Aeacumos u op., 2011; byuauenxo,
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2014; Mybaccaposa u op., 2014; Bogomolov et
al., 2004]. B orcyTcTBHME BHEIIHUX (TpHUITEp-
HBIX) BO3JICHCTBHUI HaXOXXJIEHUE CPEIbl B COCTO-
STHUA METAaCTaOUILHOTO PABHOBECHS MOXKET OBITh
BeChMa JUIMTENBHBIM. [lepexos K pa3pylIeHHIO
CIUTOITHOCTH CPEJIbl WIIM TOJBMKKE MO Pa3ioMy
MIPOUCXOIUT TIOCJIe BHEIIHETo0 BO3JEHCTBUS, 3a-
Jep’KKa YKIIAJbIBa€TCsl B MHTEPBAJ, Xapakrep-
HBIM U1 KPATKOCPOYHBIX WM CPEAHECPOYHBIX
MporHo30B. TakuM oOpa3oM, KOHTPOIb «TPUTTE-
POB» MOXET YIYUYIIUTh MPEICKa3yeMOCTh 3eM-
nerpsceHuil. He HCKIIIOYEHO, 4YTO HEKOTOpbIE
W3 TIPOTHO30B, MPHUBEJACHHBIX BHIIIC B TAOUILE,
OKa3aJUCh YCHENIHBIMU KaK pa3 B YCJIOBHSX
TPUTTEPHBIX BO3JICHCTBUI Ha OYar roTOBSIIETOCS
3eMJICTPSCEHUS.

B pabore [[lanmenees, Hatimapk, 2014]
MpEJCTaBlIeH 0030p MOJENel MOATOTOBKH TeK-
TOHHYECKOTO 3eMJICTPSICEHUS, Oa3UpYIOLINXCS
Ha MOJXO0Jax W3 Pa3IMYHBbIX OTpaciiedl 3HAHMIL:
MEXaHHKH JIe(pOopMUpPyeMOro TBEPIOTO Tena, CTa-
TUCTUYECKOM (PU3MKMU, MaTeMaTUYECKOW CTaTu-
CTUKHU, HeMMHEeHHOH pusuku. Ocoboe BHUMaHHE
VIEISIETCS. MACOJIOTHH TIOCTPOSHUST MOJENeH B
pU3Me 3aJa4d IporHosa 3zemiierpsiceHuit. O6-
CYKIIalOTCSl TOCTOMHCTBA M HEJIOCTATKH CyIIe-
CTBYIOILIUX MOJIEe 1 COBPEMEHHbIE TeHACHIINH
ux pasButus. Ha ocHoBe crernanHoro oG3opa
aBTOPBI MPUILIA K BBIBOAY, YTO MECCHUMH3M OT-
HOCHUTEJIHHO BO3MOXXHOCTH MPOTHO3a KPYITHOTO
TEKTOHUYECKOTO 3EMJICTPSICEHUS, UMEBIIIUNA Me-
CTO B HayuyHOM cpene Ha pyoexe XX u XXI BB.,
CMEHSIETCS ONTUMHUCTUYIHBIM B3IISAIOM B OyIy-
niee Onarofaps HOBBIM JOCTHXKEHUSM B TeoMe-
XaHHUKe, TeKTOHOPU3UKE, reoPpu3nke, MEXaHHUKe
TOPHBIX MOPOJ M JIpyrux obmacTsx Hayku. Ho-
BYIO YHUKAJIbHYIO HH()OPMALIHIO JIJIs1 TOHUMAaHUS
MPOIECCOB TOATOTOBKH KPYITHBIX 3eMJIeTpsice-
HUH 1 pa3paboTku (HOopMaITU30BaHHBIX MOJIEIIEH,
WCITOJIB3YIOMIUX TTOIX0BI MEXaHUKH JIePOpMHU-
pyeMoro TBEpAOro Tela, [0 MHEHHIO aBTOPOB,
naeT pa3paboTka M pa3BUTHUE METOJOB PEKOH-
CTPYKIIMM TEKTOHMYECKUX HamNpsOKEHUH ceiic-
MOAKTUBHBIX YYaCTKOB 36MHOU KOPBI [ Pebeyxutl,
2003, 2007a]; onpenesieHre CTPOCHUS, CTETICHU
aKTUBHOCTHU Pa3JIOMHBIX 30H 3eMHOU Kopbl [Ce-
munckuti, 2009], a Takke X MEXaHU3MOB aKTH-
BU3AIUH, BKJIIOYask U3MEHEHUS ITyOUHHOTO (hiTro-
uaHoro pexxuma [Illepman u op., 1999; Pooxun,
Pynoxeucm, 2017]. Takxke BBICOKO3HAYMMBI Jia-
OopaTopHBIE U HATYpHBIE MCCIEIOBAHUS CTpPOE-
HUSL 1 MEXaHU3MOB Je(OPMHUPOBAHHUS MEXKOI0-
KOBBIX KOHTAKTOB, Pa3JIOMOB C y4€TOM CBOMCTB
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ux 3anonHutens [Kouapan, 2010; Kouapsan u
op., 2011]; pa3paboTka W pa3BUTHE METO/OB
KOMILUIEKCHBIX Te0(pU3NYECKUX HENPEPbIBHBIX
CKBa)KMHHBIX W3MEpPEHUH, MO3BOJISIOIIUX OTCIIe-
KUBaThb M3MEHEHHs XapakTepa Hamnps>KeHHO-Je-
(hOpMUPOBAHHOTO COCTOSIHUSI T€OCPEbl B 30HE
Habmonennii [ aspunos, 2007; I'aspunos u op.,
2014; Gavrilov et al., 2013].

B pa6ore IO.JI. PeGeukoro [Pebeyxuii,
2008] paccMarpuBaeTcs COCTOSTHUE TEOPUI MPO-
THO3a 3€MJIETPSCEHUM, Pe3yJbTaThl OLIEHKH MPU-
POIHBIX HampsKeHUI U HOBasg Mojelb oyara. B
YaCTHOCTU OTMEYEHO, YTO MHOTHE IMpe/CcTaB-
JI€HUsl O MPOLECcCe MOATOTOBKU 3€MJIETPSCEHUS
MepeKoYeBald U3 MEXaHUKH TMPOYHOCTH KOH-
CTPYKIIMOHHBIX MaT€pHaIOB M HE YUUTHIBAIOT
0COOEHHOCTH CTPOEHHUSI CEHCMOIeHHBIX ydacT-
KOB 36MHOM KOpBI — pa3jaoMHbIX 30H. CornacHo
[Pebeyxuii, 2008], Ha3pera HEOOXOAUMOCTh TO-
BOPHUTH O pasjiomMax Kak 00 0cOOBIX reojoruye-
CKHX TeJlaX, pa3BUTHE KOTOPBIX MpeAoTnpees-
eTcs HabopoM MEeXaHOXMMHUYECKHX MPOLECCOB,
MPOUCXOSAIINX B HUX. DTU Mpolecchl popmu-
PYIOT CIEKTp cleuu@uUecKux YCIOBUN UX Je-
dbopMHpOBaHUS U OMNpPEACNSIIOT aHOMajbHbIE
XapaKTEePUCTUKU PA3IUYHBIX (PU3UYECKUX I10-
nei. B pabotax Apyrux aBTOpOB, MOCBSIIEHHBIX
pa3ioMHBIM 30HaM (cM. Oubnuorpaduio B KHUTE
[Kouapsan, 2016]), Obutn crienaHbl aHAJIOTUYHBIS
BBIBO/IBI.

Hanee PeGenkuii nmpeayiaraet pa3BuBaTh Me-
TOJbl MOHUTOPUHIA HPUPOJHOTO HAMPSKEHHO-
IO COCTOSIHHUS, MO3BOJISIIOIINE MOTyYaTh JaHHbIE
O IIOJIHOM TEH30p€ HAINpPSIKEHUN B 3€MHOM KOpE
U ero U3MeHEeHMsX (B YaCTHOCTH JAaHHBIE O CHS-
TAW HaNpsOKEHUS B odarax 3emjerpsiceHuil). B
nocyiegHee Bpemsi ObUIM pa3paboTaHbl METOJIbI
PEKOHCTPYKLIMU TOJS HanpsbKeHun [Pebeyxuil,
2003, 20076; Angelier, 1989; I'unmos, 2005].
Jlyis nanpHEHIIero pa3BUTHS 3TUX METOJIOB HYX-
HO Hay4YHUTbCsl OLICHUBATh MPOYHOCTHBIE Mapame-
Tpbl MAacCHUBOB TOPHBIX IMOPOJI B MX €CTECTBEH-
HOM 3ajieraHuu. HampspokeHus: mpsiMo CBSI3aHBI C
MIPOLIECCOM pa3pyLICHUs U MO3BOJISIIOT Haubosee
MOJIHO XapaKTepu30BaTh CTaJAMIO0 AePopMalloH-
HOTO Ipoliecca.

B pamkax npeactaBieHHOro aHanu3a Mpo-
uecc (popMHUPOBAHUS aHOMAJIBHO MPOTSHKEHHOTO
XPYHKOTrO pa3pbiBa (3eMJIETPSICEHUS) BBIMISIUT
KaK CIly4alHbI{ MpOLECcC, 3aBUCSIINN OT coYyeTa-
HUS B Pa3jioOMax y4acTKOB C aKTHBHON MUJIOHH-
TU3aIMel, qunarancuet u meramopdusmom. Ha-
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NPSOKCHUS, JEHCTBYIONIUE B PA3JIOMHBIX 30HAX,
3aBUCST OT CTPYKTYpPHO-BELIECTBEHHOTO COCTO-
SHUSI CTIATaloNIMX WX TOPHBIX MOPOJ, TEeMIlepa-
TYpHOTO TOJs, (DIIOUIHOTO peXUMa STUX 30H U
ONPEACIISIIOTCS PETMOHATBHON TEKTOHUKOM 3€M-
HOM Kopbl. ['eonornueckas cpena sBIsieTCs Cylie-
CTBEHHO HEOTHOPOIHOM (B OTIUYHE OT KOHCTPYK-
[IMOHHBIX MaTEPHaJOB), YTO «aBTOMATUYECKH
npeaonpeaesnsieT HeOIHOPOIHOCTh MOJIsl HaIps-
JKEHUH Ha pPa3HbIX MACIITAOHBIX YPOBHIX OCPEII-
Henusa. Kak cnencrBue, 3HaU€HUS KOMIIOHEHTOB
TEH30pa MPUPOIHBIX HAMPSHKEHUN CYIIECTBEHHO
3aBUCST OT MacIITaba OCpeTHEHUS.

B ycrmoBusix MO3aWYHOCTH TOJISI HaNpsoKe-
HUW BEChMa BAXKHBIMH ISl OI[EHKH COCTOSHUS
pa3IO0MOB MOTYT OBITh TaHHBIE O CHATHH HaIpsi-
JKEHUH B o4arax 3eMJIETPSACEHHUI, YMEPEHHBIX 10
cuite [Coiuesa, boecomonos, 2016, 2020]. CHmxe-
HUE YPOBHS CHATHS HANPSKEHUU B OUarax 3eM-
JETPSCEHUN TaKWX K€ MarHUTyl, Kak B Tpe.I-
MIECTBYIOIINH MEPHOJ, MOXKET paccMaTpPUBATHCS
KaK enle OJIMH CPEJHECPOYHBI MpeIBECTHUK.
Ero ¢u3nueckuili cMmbIci 3aKirO4aeTcsi B TOM,
YTO HEOOXOAMMBIM T€OMEXaHUUECKUM YCIOBHEM
CUJIBHOTO 3€MJIETPSCEHUS SBIISIETCS] HEJOCTAaTOU-
Has (M0 CPaBHEHUIO C OOBIYHBIM ACEHCMHUYHBIM
nepuoaoM) 3hPEeKTUBHOCTH BBICBOOOXKICHUS
SHEPruu W cOpoca HaNpPsDKEHWH MpH Mayio- U
CpEIHEMarHUTYIHBIX 3eMIIETpACCHUSX. s
MPOBEPKU THUIOTE3bl HYXEH OO0NbIIONH 00beM
JAHHBIX 00 0YaroBBIX MapameTpax (B 4aCTHOCTH,
CHSATHY HAaIPSIKCHUH ), TOJIy4eHHE KOTOPBIX CTa-
JI0 BO3MOKHBIM JIMIIIB B TTOCIeAHNE TOIbI [ Chiue-
6a u op., 2020].

HecomHeHHO, HOBbIE MOJIEIM Oyara 3emJe-
TPSICEHUsI U TEOPETHUECKHE MOAXOIBI K MPOTHO-
3aM (0OBSICHEHUIO MTPEIBECTHUKOB) CTAaHYT OCHO-
BOI HOBBIX MPOTHO3HBIX METOUK U aJTOPUTMOB.
Ho moka sta BecbMa HeTpHuBHaJIbHAs 3a/ladya Ha-
XOJIUTCS Ha CTAaJIuU pa3pabOTKU, COXPAHSIOT CBOE
MIpaKTHYECKOE 3HaYeHHE O0JIee «CTapbley, HO yxkKe
paboTarolire MeTobl MPOTHO3a 3eMIIETPSCEHUH,
KOTOpbIe 00CYK/1aIiCh B MPEABLAYIIEM paszelie.

B npenBunmenun panpHEHmmMX 00CYyXIe-
HUW TEPCHEKTUB MCCIEJOBAaHUN IO IMPOTHO3aM
3eMJIeTpsICeHUI (BKJItOYasi KPaTKOCPOUHBIE) XO-
YyeTcsl MPOLMTUPOBATh cIoBa U3 cTarthu «Cannot
earthquakes be predicted?»: «At the time of
Columbus, most experts asserted that one could
not reach India by sailing from Europe to the west
and that funds should not be wasted on such a
folly»* [Wyss et al., 1997]. 1 noGaBuTH, 4TO 3ama-
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HbIM TyTh B THIWIO OKa3aJicsl ITTMHHBIM U 3aTpar-
HbIM, HO 3kcnienunus Koimym6a Bce ke onpapnaa
pacxozsl. becnepcnekTUBHO OTKa3bIBATHCS OT Ha-
YYHOTO M COIIMAJIbHOTO BBI30BA, KAKUM SIBJISIETCS
mpoOiiemMa MporHo3a 3eMJICTPSCCHHUM, JTaXke €CIIN
KOMY-TO 3Ta 11eJIb KaXKETCSI HEAOCTUKUMOM.

3aknro4yeHue

[Tocne MHOrONETHEN AMCKYCCHUU O BO3MOX-
HOCTH (HEBO3MOXHOCTH) MPOTHO3a 3eMIIeTpsice-
Huil Ha 35-i1 ['enepanbHOil accambiee MexyHa-
POIHON accolMaluu MO CEMCMONIOTUH U (DU3HKE
Heap 3emuu (MACDOH3), npoxoausieit B Keitn-
tayHe B stuBape 2009 r., Obli1a mpUHATA CrIeUab-
Hasi pe30onus 00 MCCIEAOBAaHUAX M TPECKa-
3yEMOCTH 3eMJIeTpsiceHuU. B 3T0oi pesomronuu
MAC®H3, oco3HaBas BO3MOXHOCTH, KOTOPBIE
MIPEIOCTABIISIIOT HEAAaBHUE COOBITUSA NJIsi U3yde-
HUU 3EMJICTPSICEHUN, PEKOMEHAYeT HaydHOMY
COOOIIECTBY MOJEPKUBATh HCCIECIOBAHUS TI0
IIPOTHO3Y U MpPEJICKa3yeMOCTU 3eMIIETPSICEHU,
WX aTTeCTallii U CPaBHUTEIHLHOMY HCIBITAHUIO
METO/IOB ITPOTHO3A.

N3noxxenHsie B 0030pe Marepuabl MOKasbl-
BAIOT, UTO, XOTS pobJiemMa MporHo3a 3emierpsce-
HUU BCE €IlIe 1aJIeKa OT PEIICHMs], €CTh 3aMETHOE
MIPOJBMKEHUE B HCCIEAOBAHUAX IO 3TOM Mpo-
O6meme. DTO MOATBEPKIAETCA TEM, YTO CIy4au
YIAQUHBIX CPEIHECPOUYHBIX MPOTHO30B BPEMEHU
1 MecTa 3eMJIeTpsICeHUs (CHENIaHHbIX HE PETpo-
CIIEKTUBHO, a B PEAJIbHOM BPEMEHH) YK€ HE €U~
HUYHBL. Pa3paboTka METOJ0B U MOAXOAOB K Kpa-
TKOCPOYHOMY IPOTHO3Y 3€MJIETPSCEHHM OCTaeTCs
371000IHEBHOM 3ajadyeil, KOoTopas MOXET HMETh
(wmu HeT?) addektuBHOE pemeHue. OHAKO €CTh
OCHOBAHUs MOJararb, 4YTO COBEPIICHCTBOBAHHUE
METOJIOB CPEAHECPOUHBIX IMPOTHO30B MPUOIU3ST
WX K KPaTKOCPOYHBIM OJarojapsi COKpAIICHHIO
BPEMEHU YMPEKIACHUSI COOBITHS O COMPEeib-
HOTO JMara3oHa (OKOJIO MecAIa). DTa TCHICHIIHS
MIPOCJICKUBACTCS B CPEIHECPOYHBIX IMPOTHO3AX,
CZeJIaHHBIX B TIOCIIEIHEE AECATHIIETHE.

Jist nanpbHEeUIMX UCCae0BaHuN BaXKHO, YTO
(dakTruecKy ObIJI0 0OHAPYKEHO HATMYUE OT/IEIh-
HBIX CEHCMOONACHBIX 30H, «IOIYCKAIOIIUX» Ta-
KM€ NMPOrHo3bl. OTHOM U3 3TUX 30H SIBISETCS F0XK-
Has yacTh 0. CaxayivH, isl KOTOPOU ObLIT OTMEUEH
MPELEACHT «IPEACKA3yeEMOCT» 3eMIIETPACEHUI
¢ Marautynamu M < 7. Bo BceX 3THUX 30HAaX U B
MPWIETAOIINX K HUM PETHOHAX IEpPCIEKTHUBHO

MPOBE/ICHHE HOBBIX HCCIIEIOBAHUN T'€OJornye-
CKOTO CTPOCHHS CpEeIbl, €€ TeOMEXaHWYECKHX
CBOMCTB, a TaK)K€ 3aKOHOMEPHOCTEHN cercMuiec-
KOTO TpoIiecca Il Pa3BUTHS M COBEPIIICHCTBOBA-
HUS TIOJXOJOB K MPOTHO3Y 3eMJIETPSICEHUIA.
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Abstract. The review presents the most important results of investigations in the field of strong earthquake
predictions, which were published in scientific sources. The ways of further studies of seismic prognosis problem are
involved into consideration, as well as the based theoretical model, to improve predictive methods and algorithms.
One can follow the research transformation from initial (historical) articulation of this intriguing problem to its
current state of the art, including modern approaches based on the data of seismological and geophysical monitoring,
and as well as ionospheric and atmospheric surveys. Examples of successful earthquake predictions have been
discussed and treated from viewpoint of the potential of used methods, at least for some regions (for example,
Sakhalin and Kamchatka). It is assumed that the predictions, which were realized due to certain algorithms and/
or working precursors rather than random guessing, are able to weaken the pessimist side in the discussion: are
earthquakes predictable or unpredictable in principle.
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Introduction earthquake location and strength for a long time

Earthquake prediction has long been under- (long-term prognosis) is generally associated with
stood as predicting the area (location), time and seismic zoning of various levels of detail: general
magnitude (energy) of the expected seismic event  seismic zoning (GSZ), detailed and microseismic
[Zubkov, 2002]. At present, the prediction of the ones. General seismic zoning is of practical im-
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