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Abstract: Central Asian seismologists show high magnitudes of potential future earthquakes
(8 and higher), which corresponds to a probable level of macroseismic intensity of 9 or more points.
Considering that zones with a high level of seismic hazard coincide with densely populated areas, as
well as taking into account the seismic vulnerability of existing buildings, it can be stated that in Each
existing level of seismic risk is very high and the consequences of future earthquakes can be
catastrophic.

In recent years, large-scale comprehensive measures have been implemented in the Republic
of Uzbekistan to develop the fields of seismology, ensure earthquake resistance of structures and
seismic safety, as well as radically improve the efficiency of facilities in economic sectors. In order to
ensure seismology, seismic resistance of structures and seismic safety, Decree of the President of the
Republic of Uzbekistan No. 144 "On measures to further improve the seismic safety system of the
Republic of Uzbekistan™ was issued on 30.05. 2022

Natural hazards include natural phenomena that pose an immediate threat to human life and
health, such as earthquakes, volcanic eruptions, avalanches, mudslides, landslides, rockfalls, floods,
storms, tsunamis, tropical cyclones, tornadoes, lightning, fogs, cosmic radiation, cosmic bodies and
many other phenomena.

Various disasters arising from strong earthquakes and tectonic movement of Earth's plates,
which have recently occurred in foreign countries, require acceleration of work to ensure seismic
safety in the country, the introduction of modern approaches in this area.

This article discusses: the relationship between natural hazards, forecasting problems based
on the seismic entropy method, the calculation of the lesion in earthquakes, as well as emergency
protection measures.

Keywords: earthquakes, deformation, seismic entropy forecast, geomagnetic field, monitoring,
potential energy, geomagnetic field, magnitude, intensity, tectonics, safety.

Annotatsiya: Markaziy Osiyo seysmolog olimlarining bashorati bo ‘yicha, kelajakdagi
Zilzilalarning magnitudalari 8 va undan yuqori darajalarni ko ‘rsatmogda, bu 9 yoki undan ortiq
ballning makroseysmik intensivligining ehtimoliy darajasiga to ‘¢ ‘ri keladi. Seysmik xavf darajasi
yugori bo ‘Igan zonalar aholi zich joylashgan hududlarga fo ‘g ri kelishini va mavjud binolarning
seysmik zaifligini hisobga olsak, har birida seysmik xavfning mavjud darajasi juda yuqori ekanligini
hamda kelajakdagi zilzilalarning oqibatlari halokatli bo ‘lishliligini ta'kidlash mumkin.

O ‘zbekiston Respublikasida so ‘nggi yillarda seysmologiya sohalarini rivojlantirish,
inshootlarning seysmik mustahkamligini va seysmik xavfsizlikni ta'minlash, shuningdek, iqtisodiyot
tarmoglari obektlari faoliyati samaradorligini tubdan oshirish bo ‘vicha keng ko ‘lamli kompleks
chora-tadbirlar amalga oshirildi. Seysmologiya inshootlarning seysmik mustahkamligini va seysmik
xavfsizlikni ta'minlash tizimini yanada takomillashtirish chora-tadbirlari to ‘g ‘risida 30.05. 2022-
yilda O zbekiston Respublikasi Prezidentining Farmoni chiqdi.

Tabiiy xavf - xatarlarga odamlarning hayoti va sog ‘lig ‘iga bevosita tahdid soladigan tabiiy
hodisalar kiradi, ular zilzila, vulgon otilishi, qor ko ‘chkisi, sel, ko ‘chkilar, tosh qulashi, toshginlar,
bo ‘ronlar, sunami, tropik siklonlar, tornadolar, chagmoglar, tumanlar, kosmik nurlanish, kosmik
jismlar va boshqa ko ‘plab hodisalardir.

Yaginda xorijiy mamlakatlarda ro ‘y berayotgan kuchli zilzilalar va yer plitalarining tektonik
harakati natijasida yuzaga keladigan turli xil ofatlar mamlakatda seysmik xavfsizlikni ta'minlash
bo ‘yicha ishlarni jadallashtirishni, ushbu sohaga zamonaviy yondashuvlarni joriy etishni talab
gilmogda.
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Ushbu magqolada quyidagilar ko ‘rib chigilgan: tabiiy xavflar o ‘rtasidagi munosabatlar,
seysmik entropiya usuli asosida bashorat gilish muammolari, zilzilalarning shikastlanish nugtasini
hisoblash, shuningdek favqulodda himoya choralari ko ‘rsatilgan.

Kalit so‘zlar: zilzilalar, deformatsiya, seysmik entropiya, bashorat, geomagnit maydon,
monitoring, potensial energiya, geomagnit maydon, magnit, intensivlik, tektonika, xavfsizlik.

Annomauus: IIpocnosznvie oyenku yuenvix-celcmono2oe L{A noxasvieaiom 6bicoxue 3HaueHus
Ma2Humyo nomeHyuaIbHo 6yoyuux semaempscenuil (8 u gvluie), Ymo coomeemcmayem 6eposmHoMy
VPOBHIO MAKpOceticMudeckol unmencughocmu 9 u 6onee 6ani08. Yuumoieas, ymo 30Hbl ¢ GbICOKUM
VPOBHEM CeUCMUUEeCKOU ONACHOCMU CO8NAOAIOM C 2YCMOHACENeHHbIMU PAUOHAMU, 4 MAKHCe
NPUHUMASL 80 BHUMAHUE CEUCMUYECKVIO VA3BUMOCMb CYUWeCmEYIOWuUx 30aHutl, Mo MOJICHO
KOHCIMAMupo8ams, 4mo KaNCOblil CYWeCm8YIoWull YPOseHb CeUCMUYECKO20 PUCKA AGISEMCsl OYEHb
BbICOKUM U NOCTEOCMBUSL OYOVUUX 3eMIemPCEHUL MO2ym Oblmb KAmacmpopuueckumu.

B Pecnybnuke Y3bexucman 3a nociedHue 2006l peanu308aHvl WUPOKOMACUMADHbIE
KOMNJIEKCHble Mepbl N0  pazsumuio  cgep  celicmonozuy, obecneyenus CceucmMocmoukocmu
COOPYIHCEHU U CeUCMUUeCKOU 6e30nacHOCmUL, a MaKice no KOPEeHHOMY NOBbLULEHUIO I heKmusHol
dessmenbHOCmuU 00beKmos Ompaciei dIKOHOMUKU. B yensix obecneuenus 6 cghepax ceticmonozuu,
obecneyeHus celucMocmouKocmu coopydiceHull u ceucmuueckou beszonacnocmu 30.05. 2022 2o00a
eviwen Vkaz Ilpesudenma Pecnybnuku Yzbexucmawn 3a Ne 144 «O mepax no OanvHetiuemy
COBEPUIEHCMBOBANUIO — cucmeMbl  obecneuenus — ceticmuueckoll — bezonachocmu  PecnyOauku
V36exucmany

K npupoonvim onacnocmsam omuocamcs A6ieHus Npupoovl, KOMopwle Npeocmagisiom
HEeNnocpeoCmeeHHyl0 yepo3y OJisl HCU3HU U 300P06bsl TH0O0EH, MO - 3eMAemPSCEHUe, U3BEPICEHUE
BYNIKAHOB, CHEJICHbIE JNAGUHbL, CelU, ONON3HU, KAMHENnaobl, HABGOOHEHUs, WMOPMbL, YYHAMU,
MpOnU4ecKue YUKIOHbl, CMEPYU, MOIHUU, TMYMAHbI, KOCMUYECKUe U3IYYeHUs, KOCMUYecKue meia u
MHO2Ue Opyaue AGIEHUsL.

Pasnvie 6edcmeus, osnukarowue ciedcmsue CUTbHbIX 3eMACMPACEHUN U MEKMOHUYECKO20
OBUIICEHUST 3eMHBIX WIUM, NPOUCXOOSUUX 8 NOCTIeOHee 6PeMst 8 3apYOElCHbIX CMPAanax, mpeoyom
YCKOpeHus pabom no obecneueHuro CeucMudeckou 0Oe30nacHOCmuU 6 CmpaHe, GHeOpeHUs
COBPEMEHHBIX NOOX0008 6 OAHHYI0 cghepy.

B Oannoii cmamve paccmompenvl: 83aUMOCEI3b  MeNCOY NPUPOOHBIMU ONACHOCHISIMU,
npobemMbl NPOZHOZUPOBAHUSL HA OCHOBAHUU MEMOOA CEUCMUYECKOU SHMPONUlY, 0aH paciem odaza

nopasiceHusi NPU 3eMIempsCeHUsX, a MaK’ce NPUBedeHbl IKCMPEHHbLE Mepbl 3AUUNbL.

Kniwouesvie cnosa: semnempscenus, Oegpopmayus, celicMudeckas IHMpONusi, NPOZHO3,
2e0MAZHUMHOe nojie, MOHUMOPUHS, NOMEHYUATbHASL DHEP2Usl, 2e0MAcHUMHOe Nnoje, MASHUmyod,
UHMEHCUBHOCTb, EKMOHUKA, Oe30NACHOCb.

Introduction

Being a natural phenomenon of life and
development of the natural environment, an
earthquake is at the same time perceived by a person
as abnormal.

Despite the deep differences in nature, an
earthquake, like other natural hazards, obey certain
general patterns:

* a certain spatial and temporal localization;

»the greater the intensity (power) of a
dangerous phenomenon, the less often it occurs;

* Each earthquake is preceded by some specific
signs (precursors);

» with all the surprise of an earthquake, its
manifestation can be predicted with a certain degree
of probability;

* In many cases, passive and active earthquake
protection measures may be provided.

Speaking about natural hazards, it is necessary
to emphasize the role of anthropogenic influence on
their manifestation. Numerous facts of imbalance in
the natural environment as a result of human activity
are known, leading to increased dangerous effects.
Thus, according to international statistics, 96% of

earthquakes on Earth occur under compression
conditions in the zones of interaction of lithospheric
plates (90% occur on the Pacific Plate and 6% on the
Mediterranean-Alpine-Himalayan belt, Fig. 1). In
spreading zones (Eng. spreading zone is an area
within which a certain a phenomenon or phenomenon
that is the object of research.) in a stretching
environment, less than 1% of the Earth's seismic
energy is released [1,2].

A (—\\\}_‘j () Reset
.
o ( @ \) Incision
Fig.1. The main types A, B, C, D of plate

boundaries and characteristic focal mechanisms

of earthquake foci
The resulting fluctuations and sometimes
catastrophic movements of the earth's surface are
often associated with extensive stable deformations,

which may include: warping of sections of the earth's
crust; displacement along the discharge line;
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compaction of loose or uncemented sediments;
landslides and mudflows; soil liquefaction; snow
avalanches and newly forming faults in rocks.

It is impossible to consider an earthquake as
one independent natural phenomenon. There is a
mutual connection between natural hazards. Having
studied this connection, it is possible to prevent
possible consequences from one or another
phenomenon (Fig. 2).

Snow melting

Glacier seide

Rainfall

h 4
Avalanche

Earthquake

4 ] K. +—‘

Landslide Ty Damming

_._'.IThe collapse

'y ‘

The village |4

Fig.2. The scheme of the “chain” interaction of
natural phenomena

The solution to the problem
The strength, location and time of the
earthquake can be predicted with some errors. But to
do this, it is necessary to create a scientifically based
network of complex seismic prognostic observations,

taking into account the geological, tectonic,
seismotectonic features of the region.
A network of complex seismic,

hydrogeoseismological and deformometric stations,
including 10 stationary magnetometric stations,
including the Yangibazar magnetic ionospheric
observatory, is currently working to solve this
problem at the geodynamic polygons of Uzbekistan.
At these stations, continuous observations of a
complex of geological, geophysical, hydrochemical
and hydrodynamic parameters are carried out, which
are analyzed at meetings of the Institute's Forecast
Commission and, based on the identified abnormal
changes in these fields, weekly forecast conclusions
on the seismic situation in Uzbekistan are issued. In
addition, magnetometric stations have been installed
on the territories of man-made objects, the data of
which, as needed, are also used to localize abnormal
changes in the geomagnetic field [3].

M7

JANUARY FEBRUARY MARCH AFRIL MAY

Fig.3. Anomalous changes in the geomagnetic
field from M=5.6; April 5 from M=6.4; April 14
from M=4.7

An example is the study of anomalous changes
in the geomagnetic field at the Shurchi station
associated with the deep Afghan earthquakes of
March 12, 2004 (Fig.3)

The Shurchi magnetometric station is the
southernmost station, and it is the closest to the foci
of deep Afghan earthquakes. In 2004, during the
month of January, the variations of the geomagnetic
field at the Shurchi station were calm, with an average
level of about -53 NT (Fig.1). From February 4, the
field began to grow intensively and by February 12 it
began to vary at the level of -22 NT. By February 25,
it decreased in the form of a step by 10 NT. After that,
the field began to grow gradually until March 9, when
the sign changed and the field began to decrease. On
March 12, 2004, an earthquake with M = 5.6 occurred
280km southeast of the station. After the earthquake,
the level of the geomagnetic field did not return to its
original level. Sinusoidal variations were observed
until April 4, when a sign change occurred and the
field began to decrease. On April 5, a strong Afghan
earthquake with M =6.4 occurred 260km southeast of
the station. And even after this earthquake, the level
of variations at the Shurchi station remained at an
abnormal level until the sign of abnormal changes
changed on April 13, when the field began to
decrease. On this descent, 250 km south-east of the
station, the last earthquake occurred with M = 4.7. As
can be seen from Fig.3, the anomalous change in the
magnetic field persisted until the stress state of the
medium in the focal region was completely removed

[3].

Seismologists of the Republic of Uzbekistan,
using international experience, carry out monitoring
based on the seismic entropy method. The seismic
entropy method is based on the concept of a seismic
system (SS), which are identified in earthquake-prone
regions from the standpoint of plate tectonics.
Currently, more than 130 SS and subsystems with
sizes from 20 to 3000 km with threshold magnitudes
from 5.0 to 85 have been identified. The
development of the seismic entropy method from
large systems to small ones and the reduction of
threshold earthquake magnitudes to microscopic
(nano - magnitudes from -3 to 0, sizes tens, hundreds
of meters) will allow the use of the seismic entropy
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method to solve technological problems in the oil and
gas and mining industries.

Comparison of microseismicity energy using
the seismic entropy method with traditional
parameters recorded by seismological observation
networks makes it possible to identify a fluid,
technogenic component in earthquake preparation.

The accuracy of forecasts is carried out using
modern computer technologies. The forecast using
the seismic entropy method is made within the
framework of pre-agreed conditions:

e accuracy of earthquake prediction in time
from 6 months to 1 week, depending on the specific
situation;

e accuracy of the forecast by magnitude +
0.1; large deviations in magnitude are negotiated
separately;

e the accuracy of earthquake prediction by
location on the Earth's surface and by the depth of the
hearth is limited by the size of the SS and can reach
the size of the hearth of the predicted earthquake;

» if a strong earthquake waiting area is
indicated inside the SS, then a strong earthgquake is
automatically excluded in other places inside the SS,
so the entire volume of the SS is controlled;

* depending on the development of the seismic
situation, the forecast results may change and be
updated over time;

* instability (predicted earthquake location)
may migrate within the SS from one fault zone to
another, the predicted waiting time for an earthquake
may be moving away or approaching, and
accordingly the magnitude of the expected
earthquake may change (all this is inherent in the
method);

* SS elements may be in an unstable state in a
limited time interval (from 1 to 6 months), and if a
strong earthquake does not occur during this time, the
system will return to a stable state [4,5,6].

The method of releasing potential energy in an
earthquake is not entirely clear. In accordance with
new ideas about the global geological structure of the
planet, Isacks, Oliver and Sykes (1972) conclude that
the phenomenon of earthquakes can be explained as a
result of interactions and other processes on the
margins of huge mobile plates of the lithosphere
radiating from oceanic ridges. Currently, it is believed
that the shallowest earthquakes (at a depth of less than
14.5 km) can be caused by:

1. Sliding along large discharge sites that
contain accumulated potential energy (Cook,
Anderson, 1972; Nur, 1972; Scholz, Wyss, Smith,
1969; Wu, 1972);

2. The introduction of pore gases or a change
in the pore pressure, which mechanically or
chemically violates the conditions of unstable stress
equilibrium (Byerlee, Wilson, Peselnick, 1972;
Raleigh et al., 1970);

3. Concussion from the explosion of nuclear
devices and as a result of volcanic activity (Endo,
1972).

Very little is known about the mechanisms of
energy release during earthquakes at medium (60-300
km) and large (over 300 km) depths.

As possible mechanisms releasing the energy
of deep-focus earthquakes, the following were
considered:

1. Phase changes in molten magma (Griggs,
Handin, 1963);

2. Unstable flows in plastically deforming
magma (Orowan, 1963) and velocity discontinuity
along mass deficit zones (Ver-hoogen et al., 1970)
[7].

Earthquakes occur as a series of aftershocks,
which include the main shock (foreshock) and
secondary (aftershocks). The number of shocks and
the time intervals between them can be very different.
The main thrust is characterized by the greatest force.
The duration of the main shock is usually several
seconds, but subjectively people perceive it as very
long. According to psychiatrists and psychologists
who have studied earthquakes, aftershocks
sometimes produce a more severe psychological
impact than the main shock. People had a feeling of
imminent disaster, and they, shackled by fear, did
nothing instead of looking for a safe place and
defending themselves.

Research Methods and the Received
Results

According to available estimates, the number
of dangerous natural events on Earth does not
increase or almost does not increase over time, but the
number of human casualties and material damage is
increasing. The annual probability of death of a
resident of planet Earth from natural hazards is
approximately 10,

1 2 3
100%
Flood
\ Landslide
509%. Avalanche \
Earthquake
0%

Fig. 3. Approximate relationship between the
study of hazards, their prediction and protection
from them: vertically - 0% - levels of knowledge

of the essence of the process; 100% - complete

knowledge of the essence of the phenomenon;
horizontally -1-occurrence and mechanism; 2 -
forecast; 3 - protection.
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The prerequisite for successful protection
against natural hazards is the study of their causes and
mechanisms. Knowing the essence of the processes,
you can predict them. And a timely and accurate
forecast of dangerous phenomena is an essential
prerequisite for effective protection. Figure 3
graphically shows the approximate relationship
between the study of hazards, their prediction and
protection against them.

Protection from natural hazards can be active
(construction of engineering structures, intervention
in the mechanism of the phenomenon, mobilization
of natural resources, reconstruction of natural objects,
etc.) and passive (use of shelters, etc.). In most cases,
active and passive methods are combined [8].

The foci of earthquake damage by the nature of
the destruction of buildings and structures can be
compared with the foci of a nuclear explosion. The
assessment of the possible extent of earthquake
damage can be carried out in a similar way to the
assessment of the destruction of a nuclear explosion,
and the maximum earthquake intensity in points is
taken as a criterion. Seismic waves can be
longitudinal and transverse.

The earthquake center (earthquake hypocenter)
is usually located at a depth of 8 to 65 km. If the depth
of the earthquake source h is unknown, then it is
assumed to be 20 km. Longitudinal seismic waves
have a high velocity (6-8 km/s) and are felt on the
earth's surface first of all. Transverse waves oscillate
perpendicular to the longitudinal ones and have a
velocity 2-3 times less. Longitudinal and transverse
waves determine the destructive effect at short and
medium distances from the epicenter of the
earthquake. The destructive potential in the zone far
from the epicenter is mainly associated with surface
waves.

The main characteristics of an earthquake:
magnitude M - is the logarithm of the amplitude of the
maximum displacement of the soil in mm at a
distance of 100 km from the A==r? epicenter,
measured on the 9 - point Richter scale; intensity | -
is a qualitative indicator of the effects of an
earthquake, estimated on the 12-point MSK scale;
earthquake energy E, estimated in joules (J, depth
hypocenter, h).

Four zones are formed in the lesion: full
(overpressure AP = 50kPa or more), strong (APs =
30...50 kPa), medium (AP; = 20..30 kPa), weak
damage (AP; = 10...20kPa).

The energy of an earthquake is equal to

E = 10(5,24+1,44)

M is the magnitude of the earthquake, defined
as the logarithm (Ig) of the maximum amplitude of
soil displacement in microns at a distance of 100 km
from the epicenter, measured in points on the Charles
Francis Richter (0-9 points) and is equal to

_ IgE —5,24
- 1,44

We determine the intensity of the earthquake |
(energy on the earth's surface), which depends on the
depth of the earthquake source (h), R is the depth of
the hypocenter and the distance to it in km, magnitude
(M), soil composition and is measured on the scale of
MSC- 64 (0 - 12 points)according to the formula:

I=3+15M —3,5lg(R? + h?)?

Strong soil tremors are observed at great
distances from the epicenter.

We determine the distance from the epicenter,
at which fluctuations of a certain intensity may occur

R =h+10057Go-j6) — 1,  km

We calculate the first phase of the earthquake
manifestation - the time of arrival of longitudinal
waves (c), when tremors are felt, and buildings
receive minor damage, according to the ratio:

. (R + h?)*®
1T™M 7 ) ,C

where Vion is the velocity of longitudinal waves
(for granite Vion = 6.9 km/s, sedimentary rocks Vien =
6.1 km/s). Buildings receive minor damage.

We calculate the second phase of the
earthquake manifestation - the arrival time of surface
seismic waves, which determines the degree of
destruction of the object and is calculated using the
formula:

. _h R
27 Vion

C
Vrep '

where Vion is the average velocity of
propagation of longitudinal waves, km/s. (for granite
Viep = 5.6 km/s; crushed stone, gravel, pebbles — 1.5
km/s; sandy soil — 1.2 km/s; clay soil — 1 km/s; bulk
soil — 0.35 km/s). Buildings receive a certain degree
of destruction. The time interval between phases 1
and 2 is 30-60 seconds, which allows you to take
emergency protection measures:

o efficiency - the fastest possible response to
the situation, timely and correct decision-making;

e the principle of consistency is the
organization of actions on technical and managerial
aspects in order to minimize damage and coordinate
the efforts of different services;

o the principle of awareness is the competent
informing of the population about what is happening,
which reduces panic and promotes compliance with
safety rules;

o the principle of professionalism is
competent and effective crisis management, as well
as the availability of the necessary knowledge and
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skills of emergency and protection workers [9, 10,
11].

Conclusion

In recent years, the Republic of Uzbekistan has
implemented large-scale comprehensive measures to
develop the fields of seismology, as well as to ensure
earthquake resistance of structures and seismic
safety. The republic is consistently continuing
reforms in these areas, the introduction of new
methods to ensure the seismic safety of the
population. This is clearly reflected in the UP of the
Republic of Uzbekistan "On measures to further
improve the seismic safety system of the Republic of
Uzbekistan™ dated 30.05.2022, which gives the
"Concept of improving the seismic safety system of
the population and territory of the Republic of
Uzbekistan until 2025"

The State policy in the field of seismology is
aimed at improving the seismic safety system of the
population and territory of the Republic of
Uzbekistan, and There are also directions for
reforming priority measures based on scientific and
technical achievements, innovative ideas,
developments and technologies [12].
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