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MOHO DEPTH DETERMINATION BY CONVERTED PS-WAVE METHOD FOR THE
TERRITORY OF THE GREAT CAUCASUS

Kazimova S.E.!

Introduction

The first definitions of the depth of the surface of Mokhorovich in Azerbaijan were made on
the basis of seismological data. Using the data from the DSS in compiling the gravitational model
of the Earth's crust, the depth and accuracy of research have sharply increased. The DSS data
provided the uniqueness of the solution of the inverse problem of gravimetry - the calculation of the
depth density distribution. Most of the known methods of the automated approach involve obtaining
a density section; the effect of which would coincide with the observed gravitational field.

The methodology of the reflected waves, or as it is commonly called, the “Receiver function”
method, is well known and widely used throughout the world to study the deep structure of the
Earth up to 800 km. The method is based on the registration, isolation, and interpretation of Ps-
exchange waves. These studies were conducted as part of the International Seismotomographic
Laboratory using a software package developed at the University of Missouri (USA). Studies in
many countries of the world have shown the effectiveness of the method of reflected waves in
studying the structure of the lithosphere within one or more seismic stations.

In the method of exchange reflected waves, the exchange waves propagate from the source as
longitudinal, and at the boundaries in the area of the seismic station are transformed into transverse.
To distinguish the phases of the reflected waves against random noise, it is necessary to know the
properties of the converted waves and use them in the processing algorithm of the initial
seismograms [6].

Passing the path from the exchange boundary to the surface at a lower speed compared to the
refracted longitudinal wave P, the exchange waves Ps enter the records with some delay with
respect to the wave P generating them. The delay time depends on the distance between the source
and the station and the depth of the boundary at which the exchange took place. At a fixed exchange
depth, the delay time of the exchange wave Ps decreases with increasing epicentral distance and
increases with its decrease [6].

There are a number of criteria for recognition of exchange waves in seismograms. However,
in practice, not all of them are kept. In particular, the sign of polarization is quite often not
observed, that is, intense horizontal components of the “SH” components (perpendicular to the
direction to the epicenter), often shifted in phase relative to the x “SV” components, are recorded
[1, 3-5]. Since the transverse wave Ps in an isotropic medium is polarized as SV, the desired wave
is emitted in the source — receiver plane in the direction perpendicular to the direction of
polarization in the P wave (Fig. 1). Since the amplitude of the exchange wave Ps is much smaller
than the amplitude of the P wave, the most critical moment of processing is the extraction of the
signal of the exchange wave against the background of various waves and interference [6].

Data processing methods

Data processing consists of five main tasks: frequency filtering of input seismic records in
the “SAC” format, rotation of the Z, N, E axes to the source, standardization of the L, Q, T
components, obtaining individual receiving functions for each earthquake, summing traces from all
earthquakes. Seismograms of selected earthquakes are processed using the Seismic Analysis Code
(SAC) software package (developed by the University of Missouri (USA)) under the MacOs
operating system.

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Figure 1. Three-dimensional coordinate system and polarization directions of waves P, SV and SH.

At the first stage, frequency filtering is carried out in order to eliminate oscillations that are
too high, containing the effects of random scattering by in homogeneities, and too low frequencies
that reduce the resolution [6]. The working range of periods is from 2 to 10 seconds.

Next, two-dimensional and three-dimensional rotation of the axes. Mathematically, this
transformation consists in finding the eigenvectors of the covariance matrix obtained by calculating

the covariances of the vertical and radial components. Two-dimensional rotation of the axes can be
represented in the form of a matrix [10]:

Mo =[Gva Gosal [1] =Moo 5]

where N and E represent the original (horizontal) axis; R and T represent the radial and
tangential components; a is the azimuth measured clockwise from the north.
Three-dimensional rotation of the axes is expressed as the following matrix [10]:

cosi —sinisinba -—sinicosba
M;, = |sini cosisinba cosicosba

0 —cosha sin ba
L Z
Q= Msp |E
T N

where i is the angle of incidence, measured vertically; Z, E and N are the original (horizontal
and vertical) axes; L, Q, and T are transformed axes: L corresponds to the direction of polarization
of the P wave, Q is perpendicular to the axis of L and corresponds to the direction of polarization of
the SV wave, T corresponds to the direction of polarization of the SH wave (Fig. 2).
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Figure 2. The motion of particles for waves P and S along the direction of wave propagation a) in the horizontal plane
and b) in the vertical plane.

Application of the method of exchange reflected waves for the territory of the Greater
Caucasus

One of the best regions for studying the early stages of mountain building is the Greater
Caucasus, where most of the volcanism and mountain building is represented 5 million years. Of
particular interest is the immersion zone of the Kura Depression under the Greater Caucasus, the so-
called subduction zone, which has not been sufficiently studied up to date [8, 9]. To this end, we
began our studies of the depth of the Moho border from this region. At the present stage, there is a
dense network of highly sensitive digital seismic stations, which allows recording all seismic events
with a magnitude of mI>0.1 within Azerbaijan, as well as remote telemetric seismic events around
the world with mI>5.0. The study examined seismological data recorded by a network of telemetric
stations (N=20) for 2009-2019 (Fig. 3). In total, 2428 earthquakes recorded at an epicenter distance
of 35 to 90 degrees were analyzed. Remote earthquakes were taken to the “Earthquake Research
Bureau” of the RSSC ANAS.

Thus, after filtering and rotating the seismic waves, the final components L, Q, T were
standardized using a deconvolution filter formed on the section of the final seismogram containing
the incident P-wave and part of its code (Fig. 4).

The subsequent processing operation was reduced to the summation of the standardized
components of all earthquakes in order to suppress noise and release the exchange waves associated
with various boundaries in the crust and mantle. The time of the exchange wave depends on the
epicenter distance and is calculated for each path. The summation of all traces is carried out with
time shifts relative to some reference epicentral distance, which is taken equal to 60 degrees. Figure
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5 shows the summarized Q-traces of the receiving functions on which the Moho boundary with a

delay time of

4.0 sec is clearly distinguished.
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Figure 4. Standardized seismograms for the Ismayilli and Sheki seismic stations

Thus, having processed the data for all stations, the depths of the Moho border for the
territory of the Greater Caucasus were calculated and a schematic map of isolines and a three-
dimensional model were constructed (Fig. 6, 7).

Main conclusions:

For the first time, based on the analysis of the wave characteristics of distant earthquakes
recorded at seismic and telemetric stations of the RSSC, the depths of the Moho border for the



SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 18, Ne1, 2020, pp. 3-9 7

Azerbaijan part of the Greater Caucasus were clarified by the method of exchange reflected Ps
waves (receiver functions).

Y

Figure 6. Map of contour lines of the Moho depth for the Greater Caucasus
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Figure 7. Three-dimensional model of the depth of Moho for the territory of the Greater Caucasus

Thus, a map of isolines of the depths of the Moho border was constructed and depths were
determined for the territory of the Guba-Gusar region 48-50 km, the Zagatala-Balakan region 46-47
km, the Shamakhi-Ismayilli region 48-52 km. As it was said earlier, the first definitions of the depth
of the surface of Mokhorovich in Azerbaijan were made on the basis of the data from the state
earthquake and the gravitational model of the Earth's crust. Such models were built by Gadjiyev
R.M. in 1965 and Shikhalibeyli E.Sh. in 1996. The data obtained are consistent with the available
data, but discrepancies have been received. Compared with the map constructed according to the
DSS-MCRW and gravimetry data (Gadjiyev R.M., 1965) [2] the difference in the thickness of the
Earth's crust was from 1 to 15 km. Compared with the map constructed according to the DSV and
gravimetry data (presented in the book by Shikhalibeyli E.Sh., 1996) [7], the difference in the
thickness of the Earth's crust varied from 1 to 10 km.
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HYDROGEOLOGICAL CONDITION AND ITS IMPACT ON THE LEVEL OF SEISMIC
HAZARD IN NIZAMI DISTRICT, BAKU CITY

Z.S.Aliyeval, L.T.Fettahoval, F.Z.Mehdizadeh?

Introduction.Seismicity of the construction site should be clarified during the construction of
buildings, bridges and other civil and industrial facilities in the seismically active areas for the
purpose of seismic safety of facilities.

Initially, the potential seismic hazard should be identified in the earthquake sources.In
addition, engineer-seismological and hydrogeological conditions should be investigated in each
construction site. Thus, major seismic hazard caused by strong earthquakes can change depending
on the lithological composition, physical and mechanical parameters of the grounds located under
the foundations of the facilities as well as hydrogeological conditions. In order to evaluate the effect
of hydrogeological conditions on seismicity, the area of Nizami region, where numerous high
buildings have been built in recent years and has sufficient engineer-seismological and
hydrogeological data, was selected.

The formation of groundwater in the research area may occur due to infiltration of
atmospheric precipitation, losses from sewerage pipelines, from irrigation systems, due to the
proximity of the sea to the area during irrigation works are carried out. The level of water also
depends on their nutrition regime and usage.

The water in Nizami district was very different in their pysical and chemical composition and
hydrodynamic conditions. Source of these waters:

1. Climate-dependent, that is, it associated with atmospheric precipitation and evaporation
(condensation) (atmospheric precipitation increases in spring and autumn and it feeds groundwater)

2. It is associated with irrigation and separate waste water (household type) (during
construction and in areas with developed infrastructure, grounds are artificially irrigated and so on
this results in changes in the geological environment).

3. The areas in the northwestern part of Nizami are fed by salt water of the Great Shor Lake.

There are two types of groundwater in Nizami region:

1. Pressurized groundwater (artesian water)

2. Groundwater Large thicknesses, mainly waterlogged sand and low thickness (there are clay
and limestone soils)

Based on fund materials, a total of 1560 wells were drilled in construction sites (mainly in the
eastern part of Nizami district). Depth of the well varies (10m, 30m, 60m and 120m). According to
the research, the level of the groundwater is between 5,0 and 10,0 meters at H.Aliyev Avenue 105,
109, 111 and on 2 Kondalan Avenue intersecting with H.Aliyev Avenue. Along with groundwater
in this area, pressure water horizons were found at depths of 12,0-30,0m; 38,0-50,0m; 52,0-63,0m
and 79.0-92.0 m.

As can be seen from Figurel, the lithological composition of the ground in the areas where
artesian water is widespread is very diverse: they arecontane sandy, hard plastic clay and shelly
limestone. The thickness of this complex is more than 60 meters.

The Artezian water is located in the north-west of the region as we mentioned above. Artesian
water is the confined natural underground reservoir that contains water under positive pressure
(sands, fractured limestone, sandstone, karstic soils).

Mineralization of water is high due to its proximity to the Great Shor Lake. As a result of
circulation in salty rocks, the water gets richer with salt. The sope level of artesian water is located
below the groundwater level and artesian pool is formed. Soil can contain gypsum and various
water-soluble salts.Dissolution of salts in water causes suffocation or washing away water from the

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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field. As a result, there are gaps in the ground and the uneven impact of the building to the
foundation resulting in the collapse of the ground.

Artesian water can rise from the ceiling of the aquifer to the surface and sometimes can form
a fountain. It is likely that if construction is carried out in these areas in the future, then as a result
of human activities or the weight of the buildings under construction. The underground rocks will
be damaged and destroyed by pressure water, as a result, it adversely affects the seismic properties
of these rocks and leads to the collapse of buildings. Even in areas where artesian water is found, it
is also very dangerous to fix the underground rocks of the constructed buildings with piles. Such

areas are unsuitable for construction.
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Figure 1. Example of geological-lithological section of the area where there is artesian water.
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Water is almost a permanent component of rocks. Groundwater is constantly in motion, that
is, the regime changes and it has a great effect on rocks, especially clay soils, due to its chemical
activity and this drastically changes their properties and as a result, it leads to consolidation or
thinning of the soils (thixotropy).As the composition of groundwater is variable, their impact on
rocks also changes (Zaalishvili, 2014).

We encounter such conditions at construction sites located in the north-eastern part of Nizami
district.

Unpressurized groundwater in this area is very diverse, widespread and unevenly distributed.
Water is characterized by the level of formation, mineralization and chemical composition. The
chemical composition of groundwater has a significant effect on the swelling of clays. Groundwater
is mainly found in cast soil and watery sandy ground with large thickness in the areas located in
blocks numbered 2402, 2566 and 2399 and moreover V.Aliyev str. 26, at the crossing of Qara
Qarayev pr. and Nakhchivanski Street and at the Babek Avenue (Fig. 2).

The width (V;) of the soils involved in geological sections is determined by the class of wave
propagation, and if there are soils saturated with water or prone to liquefaction in the area, the
seismicity of the construction site is rated high (Fig. 3). In these wet grounds, the velocity of
seismic waves is about 300m/s or less.

The remaining areas are low seismicity (point) areas. As can be seen from the crossings, low-
thickness groundwater is found in other areas. Aquifers were found at different depths for the area,
but no groundwater was found at several construction sites. In most places, water has low
mineralization and the mineralization of water varies in the range of 1.1-4.5g/I.

The degree of mineralization of groundwater depends on their level. As water levels fall, their

mineralization decreases and their chemical composition changes (Projected buildings..., 1998-
2018).
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Figure 3. Map of seismic hazard assessment based on hydrogeological conditions in Nizami district

Symbols:

@ - areas where artesian water is available
@ - areas with high points
@ - suitable areas for construction
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Conclusion:

There are 2 types of pressurized groundwater - artesian water and groundwater in Nizami
district. Artesian waters are located in the northwest of the region near the Great Shor Lake. This is
a very dangerous situation for the area, which can be a problem for construction sites and is
considered an unfavorable area.

In the north-eastern part of Nizami district, unpressurized groundwater is found. These waters
are mainly formed in moist and water-saturated sandy soils with a large thickness. The seismicity of
the area is rated high.

In the rest, groundwater is found at different depths and is less thick. This part is rated lower
than the above areas.
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SEISMICITY OF ZAGATALA TERRITORY FOR 2019
S.S. Ismayilova?, E.S. Garaveliyev!

Seismological studies

The Zagatala-Balakan zone is one of the main seismic active zones in Azerbaijan.
Tectonically, the Zagatala-Balakan seismic active zone is located in the north-western part of the
Azerbaijani part of the Greater Caucasus.

Strong and tangible earthquakes have been occurred in the seismic zone in the past and
modern times. The first information about the earthquake in this area dates back to 1880.In 1936, so
far registered in this zone there was the most powerfull earthquake of 5,6 points. The intensity of
the earthquake at the epicenter was 7 point (according to 12 points of 64-MSKscale). A map of the
epicenters of historical earthquakes in the studied area has been shown in the Figure 1.

Figure 1. The map of the epicenters of historical earthquakes occurred in the studied area

Two shocks that occurred in Zagatala on May 7, 2012, with a time difference of 10 hours
apart played a special role in terms of seismotectonic and engineering-seismological study of the
area. The magnitude of the first shock was 5.6, depth was 8 km and the magnitude of the second
shock was 5.7, depth was 12 km. The intensity of both shocks at the epicenter was 7 points
(according to 12 points of 64-MSK scale).

After these earthquakes, several strong earthquakes have been recorded in the Zagatala zone.
The last strong earthquake in the area has been recorded on August 10, 2019, at 13:35 local time, in
the 18 km south-west of Zagatala station. The magnitude of the earthquake was 4.9, the depth was
h=5 km.

In order to investigate the area seismotectonically, the distribution of faults and earthquakes in
Balakan-Zagatala, Sheki, Gabala regions has been studied. As can be seen from the map,

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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earthquakes in the Zagatala area and adjacent areas are located at the section zone of the depth
faults in different directions (Fig. 2)

e . .

Figure 2.Map of epicenters of the earthquakes occurred in the Zagatala-Gabala region on faults.
Faults: 1. Dashgil-Mudrese 2. Vandam (lengthwise) 3. Akhvay (orthogonal) 4.Tartar-Oghuz (transverse) 5. Alazan-
Ayrichay (lengthwise) 6.Chakhirli-Gabala (orthogonal) 7. Ismayilli-Sighirli (orthogonal) 8. Sharur-Zagatala
(transverse) (Author of faults: T.N.Kangarli)

A seismic transect has been constructed along the Balakan-Gabala I-1 profile passing through
the seismically active zone of Azerbaijan. The profile extends in all-Caucasian direction along the
Ayrichay-Alat deep fault (Fig.3)

There are many hypocenters in the north-west of the section in the Zagatala-Balakan area.
Earthquakes of magnitude mainly 0.01 had been occurred in the area. In contrast to 2018, an
increase in earthquakes with a magnitude of ml 3.0 have been observed during the year, with the
hypocenters located mainly at depths of 2-30 km. Earthquakes with a magnitude of 3.0 have been
occurred within the sedimentary layer at a depth of 7-11 km. The epicenters were located in the
effect zone of the depth faults in Vandam and Sharur. It is observed that the seismicity in Sheki and
Gabala zones in the south-eastern part of section is weak and hypocenters are at a depth of 2-40 km.

Analysis of the number of earthquakes in the Zagatala zone in 2019 and the distribution of the
seismic energy by months shows that the seismicity was below the background level at the
beginning of the year and the number of earthquakes increased from July to September. In August,
there was a sharp rise in seismic energy. The high seismic energy is due to the occurrence of
earthquakes with a magnitude of 33.0 in this area. Starting in October, a decrease in the number of
earthquakes and seismic energy was observed and the seismicity fell down below the background
level (Fig. 4).
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Figure 3. Seismological transect on I-1 profile of Zagatala-Balakan Gabala zone
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Figure 4. Histogram of the number of earthquakes in the Zagatala zone and the distribution of seismic energy by
months.
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Macroseismic studies

The earthquake with the highest intensity (magnitude of 4.9) in Zagatala has been occurred on
August 10, 2019. The epicenter of the earthquake was located near the village of Danachi, Zagatala
region, at a distance of about 3 km.

During the earthquake, people felt a strong shock and they fled to the yard in fear. There are
houses damaged and unrepaired after the Zagatala earthquake on May 7, 2012 in the settlements
near the epicenters of the region. During the earthquake, the cracks in many of those houses
widened. In the village of Makov, a damaged wall of a house collapsed. There were almost no
complications in the newly built houses. Based on materials collected from 22 settlements in the
country, it was determined that the earthquake was felt at a magnitude of 6 at the epicenter, the
geometric dimensions of the Pleistocene area were 14x16 km and the macroseismic area generally
has an extension in the direction of the Greater Caucasus.

Figure 5. The collapse of the river stone wall of a  Figure 6. Old and new cracks on the wall
house in the village of Makov of a house in Goyam village

Flgure 7. Old and new cracks on the wall of a house in Goyam village
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Schedule 1.
Macroseismic data of the Zagatala earthquake on August 10, 2020

19

Ne | Names of settlements Epicentral | Ne | Names of settlements | Epicentral
and corresponding distance, and corresponding distance,
intensity, points km intensity, points km

6 4
1 Danachi 3.0 13 | Kadula 67.0
2 Makov 5.0 14 | Sheki 715
3 Gamishtala 7.5 15 | Goybulagh 81.0
4 Ititala 8.0 16 | Dakhna 83.0
5 Ali Bayramli 8.0 17 | Shamkhir 89.0
5 3
6 Mughanli 11.0 18 | Balaken 18.0
7 Goyam 14.0 19 | Gyulluk 26.0
8 Katekh 13.0 20 | Kakhi 42.5
9 Shambulbina 16.5 21 | Garatala 43.5
10 | Zakatali 18.0 22 | Salahli 49.5
11 | Aliabad 20.0
12 | Yeni Suvagil 22.0
& Balakan -1
yamk N Zagatala
Ali Bayramb
5 % Muganli : ;
\ Alnb:: Yeni bu\'lﬂli - o

. Shamkhir

Ganja

N ——— e

Mingechaur

Symbols

* settlements
>kmacroseismic epicenter

6 lzoseists and related

Figure 8. Macroseismic area of the Zagatala earthquake occurred on August 10, 2019
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Conclusion
- It has been determined that the sources of the earthquake in the Zagatala zone were located
in the effect zone of the Vandam and Sharur-Zagatala depth faults and the earthquakes with a
magnitude of 3 were located within the sedimentary layer .
- In 2019, compared to 2018, seismicity have been higher than the background level. The
number of earthquakes with a magnitude of ml 3 have been increased and the Y E=5.64 x 1011 C
release of energy from the Earth’s crust during the year has been determined.
- It has been determined that the geometric dimensions of the Pleistocene area of the
earthquake were 14x16 km, the intensity was 6 points in the epicenter and macroseismic area of the
earthquake was extended in direction of the Greater Caucasus.

REFERENCES

1. Hoeiii karamor cunbHbIX 3emierpsiceHudt Ha Tepputopuu CCCP OtB. pemakTop
H.B.Konpopckas, H.B.1llebanun. M.:Hayka, 1977.



SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 17,Ne2, 2019, pp. 21-25 21

FEATURES OF CHANGE OF SEISMOMAGNETIC EFFECTS BEFORE THE
STRONG IMISHLI EARTHQUAKE OCCURRED IN THE MIDDLE KURA DEPRESSION
IN 2016

N.B. Khanbabayev!

Researchers know that the geomagnetic effects are observed with anomalous changes caused
by strong earthquakes in the seismoactive areas. The collected information is regularly studied in
geodynamic polygons of the world and in Azerbaijan with modern magnetometric devices.

Comparative analysis of available data and experience of previous researches in
magnetometric polygons established in several regions of the world - China, Russia, Uzbekistan,
Kazakhstan and Tajikistan have allowed the magnetometric observation method to be considered as
one of the earthquake warning factors [1].

The accumulation of the stress-strain energy at different depths of the Earth’s crust is related
to both local and cosmogenic factors. Mechanical, physico-chemical and other features of the
environment change with characteristic indicators in the source of the earthquakes which occurred
in Middle and Lower Kura depression, the northern and southern slopes of the Greater Caucasus,
the Azerbaijani sector of the Caspian Sea where the anomalous stress-strain energy is accumulated
and effects of such active processes on the Earth’s surface are studied in the seismic regions of the
world as warning factors of geophysical fields: earthquakes, gravitational, electrical, magnetic and
geochemical abnormal changes [1,2].

The epicenter map of the earthquakes occurred in the Middle Kura depression and adjacent
areas during 2004-2016 years is given below.
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Figure 1. Epicenter map of earthquakes occurred in the Middle Kura and adjacent areas during 2004-2016 years.

1967 shocks have been recorded in the 3 quarter of 2016 year in the Middle Kura
depression. The amount of seismic energy was E=55¢1011 C. The amount of seismic energy during

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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the quarter of 2016 was higher than in the previous quarters. The reason of this was the strong
earthquake occurred (mI=5.6) in the Imishli region on 01.08.2016 year.[6]

The earthquake has been felt at 5 point in the epicenter and up to 5-3 point in the surrounding
areas. This earthquake has been accompanied by a small number of aftershocks. Three of these
earthquakes have been felt.

Seismicity in the Middle Kura depression was higher than the background level. Epicenter of
Imishli earthquake and its aftershocks are located in the Kura-Caucasus and Gabala-Chakhirli
orthogonal tension zones.

Imishli and Sabirabad earthquakes sources are known in these parts of the Middle Kura
depression. In 2016, the geodynamic activity of the Imishli zone has been greater than that of the
other regions.

In previous years, earthquakes with magnitude 4 have been recorded in the Imishli source
zone on the map of strong historical earthquakes (427-2016 years). Two of these are earthquakes of
magnitude 6 in the 1862 and 1934 years. [6]

The parameters of historical earthquakes in Imishli region have been shown in Table 1.

Table 1

Year | Month | Day Time lat lon H mi Point Note

1862 12 19 02-30+1 39,70 | 47,90 25 6,4 7 Imishli
1911 6 23 12-30-19 | 40,00 | 48,00 18 5,6 6-7 | Imishli
1916 5 14 12-11+1 40,00 | 48,10 30 5,6 5 Imishli
1934 10 29 16-15-45 | 39,90 | 47,80 30 6,3 6-7 | Imishli
1959 8 13 00-33-11 | 39,90 | 48,20 12 5,3 6-7 | Imishli
1964 11 9 08-05-48.0 | 39,80 | 48,20 14 5,3 6 Imishli
1965 5 15 | 18-43-05.0 | 39,90 | 48,00 10 4,6 6 Imishli
1968 6 24 | 18-28-44.0 | 40,00 | 48,10 15 4,6 5 Imishli

1975 12 16 | 07-42-50.0 | 39,70 | 48,10 4,5 Imishli
1976 2 3 16-40-40.5 | 40,00 | 48,10 7 5,4 Imishli
1999 6 4 11-56-58.2 | 40,02 | 48,22 37 4,2 Imishli

2016 8 1 | 4:46:35.799 | 39,91 | 47,85 28 5,6 5 Imishli
2016 8 1 | 7:51:01.571 | 39,92 | 47,87 25 4,1 3 Imishli
2016 10 16 | 7:52:20.874 | 39,83 | 48,00 21 4,4 4 Imishli

The compressive strain of the earthquake magnitude of 5.6, occurred in Imishli area in the
01.08.2016 year is north-east(AZM=47°) oriented, close to the horizon(PLp=18°-70°) and tension
strain is south-west oriented (AZM=254°), (PLp=70°). The displacement element of the type of
movement for both sharp flatness (DP1=65°, DP>=28°) is reverse fault. For NP1 modal flatness
(STK1=324°), the movement is with the north-west direction and for NP2 modal flatness
(STK2=123°), it is with the south-east direction. The earthquake source is located in the Kura and
Chakhirli-Gabala orthogonal faults zone (Fig.2).

Seismo-magnetic effect created by Imishli earthquake has been observed by modern
magnetometers installed at seismological stations operating in the Middle Kura depression. The
character of the observed seismo-magnetic effect shows that the compressive action is the leading
process in the earthquake source and as a result, there has been a reverse deformation and the
tension gradient of the geodynamic field has been reduced to positive, but not negative. However,
there is an increase of 15-20nT in the seismo-magnetic effect of the magnitometer operating in the
Lankaran station 7-8 days before the Imishli earthquake. Analogical situation has been recorded at
the Sheki magnetometric variation station. It is also observed that the effect is formed by an
increase of 15-20 nT before the earthquake 7-8 days with the same. It is recorded that the
seismomagnetic effects were observed with decreases earthquake time and after earthquake at both
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stations. Also a detectable seismo-magnetic effect is considered as a key factor in the defining
criteria of dependence of the parameters and mechanism of the earthquake sources (Fig. 3) [3].

Reverse fault

Figure 2. Block-scheme of the displacement and source mechanism of earthquakes occurred in Imishli on 01.08.2016.
(compiled by S.E. Kazimova)
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Figure 3. The observed seismomagnetic effect during the Imishli earthquake (ml=5.6, 01.08.2016)

As can be seen from the comparative analysis of the earthquake mechanism and parameters
with the curves for the change of seismomagnetic effect, the regularity formed by increases of
seismic effect did not justify itself in this episode if the energy of stress-strain in the earthquake
source obtained by statistical data for many years is compressive. A similar situation has been
reflected during the comparative analysis of the earthquake mechanism and parameters (H=48 km,
ml=5.3) occurred in Saatly on 11.05.2017 with the variation for the change of seismomagnetic
effect. Even though the stress-strain condition is compressive here too, it is noted that the
seismomagnetic effect is observed by the decreaseduring earthquake.

An analysis of the variations of geomagnetic site tension and gradient increases has been
allowed us to detect the stress-strain zones in the Middle-Kura depression and adjacent areas. These
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are Saatly, Barda, Aghdam, Ujar and Zardab long-term stress-strain zones. In these areas, strong
earthquakes are not always present, but are considered as seismic hazard zones and the
seismomagnetic effect is observed by anomalous changes [4].

If you look at the map in 2D and 3D format which reflects the stress-strain condition of the
geological environment based on magnetic data at the NearKura-Talish geodynamic polygon in
2016 year, the magnetic maximums are recorded in the regional plan (Fig.4).
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Figure 4. The stress-strain condition of the geological environment on the basis of magnetic data at the Near Kura-
Talish polygon (2D, 3D format)

However, in the local area Jalilabad-Imishli and Imishli-Kurdamir maximums are being to the
south-east and north-west directions, intensity is 800 in the izolines reflecting the geomagnetic field
in the center of the first maximum but to the edges it is 650nT and in the second maximum, these
numerals are recorded in the closed form with the intensity 950-650 nT.This situation is reflected in
the more complete map in 3D format [5].

The seismoanomal effect in the magnetic field of the Imishli earthquake source zone is
determined by the geodynamic regime of the area. It is noted that, geodynamic regime of the
Middle Kura depression is related mainly to passed to the bottom of the main blocks of Kura
depression to Great Caucasus structure,which is observed by the movement with the south direction
of the Great Caucasus structures mentioned in the upper part of the Earth's crust.For this reason,
compression deformation occurs in the environment and the seismicity of the area is clarified.[3]
The formation of a positive seismomagnetic effect in the Imishli earthquake source zone confirms
once again the above mentioned facts.1
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GEODYNAMIC SITUATION IN AZERBAIJAN ACCORDING TO GPS
STATIONS IN 2019

I.E. Kazimov!

INTRODUCTION

The Global Positioning System (GPS) has provided a new opportunity for direct observation
of modern movements and deformations of the Earth's crust, as well as seismic-ionospheric
disturbances. GPS studies helped quantify regional deformation in the plate interaction zone [12,
13, 15, 16, 18, 20, 21 and 24]. Regional studies of plate movement use fault orientation, local
observations, and restrictions on the relative movement of plates.

The Eastern Mediterranean and the Caucasus are located among Eurasian, African and
Arabian plates with complex tectonic activity, for example, volcanic eruptions, mountain building
and a significant part of all earthquakes (Fig.1) [17].

40° 45" 50° 55" 60" 65
Figure 1. Map of the distribution of vectors of horizontal movements of the Mediterranean and the Caucasus [12]
(Unified GPS velocity field relative to the Eurasia fixed frame. Reilinger et al. (2006; blue arrows), Frohling&Szeliga
(2016; black arrows) and Raeesi et al. (2017; yellow arrows) velocity fields were transformed into the reference frame
of IPGN (red arrows). Major faults of Iran, East Turkey and Caucasus are adapted from Hessami et al. (2003), Ghods et
al. (2015) and Talebian et al. (2013)).

The East Anatolian Fault, the Caucasus, and the Zagros Mountains are active continental
collision zones due to modern tectonic conditions and structures. The Eastern Mediterranean is one
of the important regions for understanding fundamental tectonic processes, such as continental rift
genesis, passive margin, subduction and accretion, collision and post collision [11]. These general
processes are, in principle, investigated for large areas of the continental lithosphere in order to
predict whether the region is seismic and not deformed at present. The tectonic perception of plates

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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gives a description of continental deformation. The eastern Mediterranean focuses on connecting
the Arabian, Eurasian, and Anatolian plates west of the convergence zone. The collision of Saudi
Arabia with Eurasia is reduced in the zone of the lithosphere within the deforming region [2, 8].

According to these reconstructions, the Arabian plate advanced 200-600 km from its original
place to the place where the continental Eurasian lithosphere was previously located.

As you know, Azerbaijan is part of the Alpine-Himalayan mountain belt formed in the
Cenozoic on the southern edge of the East European platform as a result of a collision between the
Eurasian and Arabian plates and survived a rapid rise over the past five million years. This work is
devoted to the study of the strain rate of the Earth's crust in the territory of Azerbaijan according to
GPS observations and its relationship with seismicity. [12, 13]

Tectonics of the studied region

The ongoing “invasion” of the Arabian Plate into Eurasia leads to a reduction in the
lithosphere along the Main Caucasian Thrust (MCT), extending in the direction of SW-NE [2, 7,
17]. These regional tectonic processes, being the cause of the deformation of the Earth's crust, cause
earthquakes that are historically recorded throughout the Caucasus.

As mentioned above, the territory of Azerbaijan is located in the zone of active collision of
two plates, African and Eurasian. Reconstruction of plate tectonics indicates that the collision of the
Arabian plate with the Eurasian plate lasts 10-30 million years, right up to the present stage. The
speed of movement of the Arabian Plate to the north relative to Eurasia since the beginning of their
collision is more or less constant and equal to approximately 20 mm/year [6, 9, 10, 16, 17].
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Figure 2. Network of GPS stations in Azerbaijan

Iran’s modern tectonics is the result of convergence between north and south among relatively
undeformed territories in the southwest (Arabia) and northeast (Eurasia). The NUVEL-1 A global
plate motion model predicts a convergence rate of 3-3.5 cm/year. The deformation of Iran includes
intracontinental shortening, with the exception of its southeastern margin (Makran), where the
oceanic lithosphere of Oman is subducted northward under southeastern Iran (Fig. 1). Within Iran,
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most of the deformation probably occurs in the main zones (Zagros, Alborz, Kopetdag) and along
large faults that surround the blocks (Central Iranian desert, Loot block and the southern Caspian
Sea) with moderate relief and seismicity [17]. The exact distribution of deformation between these
tectonic structures is unclear.

Central Iran, Zagros and Makran - this segment of the Alpine-Himalayan belt, lying to the
east of the northern ledge of the Arabian Plate.

The Zagros zone, which corresponds to a ridge with a length of up to 1300, a width of 250
and a height of 4.5 km, is formed by a powerful, up to 8-10 km, complex of Paleozoic, Mesozoic
and Cenozoic sediments of the passive margin of the Arabian Plate, crushed into large and very
long (up to 350 km) folds that gradually change the strike from northwest to east northeast [12].

GPS stations data analysis

At present, 24 GPS stations function in Azerbaijan. The network was created in 2012 (Fig. 2).
The network geometry and the location of the measurement points were determined based on the
neotectonic structure of the region to characterize as much as possible the relative displacements of
the individual elements of this structure and the general deformation of the Earth’s crust [3, 4].

GPS data analysis was performed using the GAMIT (version 10.05; Kingand Bock 2001) and
GLOBK (version 10.0; Herring 2001) software in the three-step approach described by Feigletal.
(1993) [20, 21]. The basis for the velocity estimation is an analysis of the time series of GPS station
coordinates calculated from the primary data, which are sets of phase and code measurements at
two frequencies lasting 24 hours with a recording interval of 15 s. To assess the speeds of the
stations being determined, it is necessary that the network has at least one reference point, and
preferably several. We included in this analysis 11 nearby IGS network reference stations: ARTU
(Artie, Russia), CRAQ (Simeiz, Ukraine), TEHN (Tehran, Iran) POLV (Poltava, Ukraine), MDVJ
(Mendeleyevo, Russia) ANKR (Ankara, Turkey ) NICO (Nicosia, Cyprus) DRAG) POL2 (Bishkek,
Kyrgyzstan) YIBL (Yibal, Oman) BZGN (Bazergan, Iran) [5] with positions and speeds in
ITRF2000 as connecting links with the global reference system (Table 1).

We used the Earth rotation parameters IERS (International Earth Rotation Service) and
applied the antenna phase center models depending on azimuth and elevation, following the tables
recommended by IGS. Figure 3 shows a map of the distribution of vectors of horizontal movements
for 2019. The arrows in the Figure show the direction of the velocity vectors, and the values of the
velocities are characterized by the length of the arrows according to the scale shown in the lower
right corner of the map. In addition, in Fig.4 shows the temporal variations in the amplitude
fluctuations of GPS stations for 2019.

In addition, a speed map of horizontal movements of the geodetic network of GPS stations of
Azerbaijan for 2019 was built (Fig. 5). As an analysis of the distribution of speeds shows, the
average values of the speeds of horizontal displacements of points to the north and east are not
constant, and the processes of shortening the surface of the Earth's crust are also not constant in the
study region.

The error in determining the speed varies mainly in the limit of less than 0.6 mm/year, which
allows a fairly accurate estimate of the convergence of plates across the Caucasus mountain system
(i.e., the error is 5% of the total convergence rate). As one of the main sources of GPS positioning
errors, ionospheric delays play a very important role in data processing. Since it is difficult to
accurately model the attenuation of the ionosphere, to prevent the effects of ionospheric delays,
almost all GPS data processing programs always use a linear combination without ionosphere (LC),
including GAMIT, Bernese, GIPSY and PANDA.

The high-speed field of GPS observations quite clearly reflects the movement of the north-
north-east (NNE) direction in Azerbaijan and in the adjacent regions of the Lesser Caucasus relative
to Eurasia.
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Table 1. Parameters of the world reference stations of the IGS network: (ARTU, CRAQ,
TEHN, POLV, MDVJ, ANKR, NICO, DRAG, POL2, YIBL, BZGN).
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Figure 3. Map of the distribution of vectors of horizontal movements for 2019
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The arrows in the Figure show the direction of the velocity vectors, and the velocity values are characterized by the
length of the arrows according to the scale shown in the lower right corner of the map.

Arrows represent the horizontal station velocities in mm/year referred to the ITRF2008 reference frame. Error ellipses
were calculated to the 95% confidence interval.
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Figure 5. Speed of horizontal movements according to the network of GPS stations of Azerbaijan for 2019.

Table. 2. Coordinates and speeds of horizontal displacements of GPS stations of the territories
of Azerbaijan according to profile 1-1

N | coordinates AZM .V GPS RSSC
Long,° Lat,® VEvel(mm/yr) | VNvel.(mmAyr) | vel(mm/yr) | stations

1 48.94 40.54 5.24 -3.88 127 6.5 GBSG
2 4894 40.86 5.02 0.63 83 5.1 ATGG
3 4859 40.79 9.26 2.34 76 9.6 PQLG
4 | 48.39 39.94 7.91 14.52 29 16.5 SATG
5  48.26 41.52 5.32 4.63 49 7.1 QSRG
6  48.18 40.79 5.85 2.62 66 6.4 IMLG
7 1 48.14 41.17 0.42 8.36 10 8.4 XNQG
8 47.84 40.95 2.96 4.81 32 5.6 QBLG
9 4732 39.46 5.92 10.5 29 12.1 FZLG
10 47.11 40.11 6.13 7.69 47 9.8 AGDG

The discussion of the results
The GPS observation speed field clearly illustrates the movement of the Earth's crust in the
north-west direction in Azerbaijan and related regions of the Lesser Caucasus relative to Eurasia.
The most explicit feature of the velocity field is the decrease in speed at the observation points
located perpendicular to the Main Caucasian Thrust (MCT) (i.e., at the stations PQLG, XNGG,
ZKTG, ATGG, IMLG and GBLG). GPS observation points located along the MCT show a
decrease in speed in a westerly direction. N-NE motion of the Earth's surface is interpreted as one
of the reasons for the accumulation of stresses on this thrust. In addition, there is a tendency of
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horizontal movement within the Kura Depression and the Lesser Caucasus, where the speed
increases from west to east along the strike of the mountain range.

In order to clarify the nature of GPS velocities in the seismic zones of the Kura Depression,
profiles 1-1° and 2-2 were constructed in the strike cross of the Greater and Lesser Caucasus, as
well as in the direction from the Talysh region to the Absheron Peninsula (Fig. 6-7). Table (2-3)
presents the coordinates and speeds of the horizontal displacements of GPS stations in Azerbaijan.

Table. 3. Coordinates and speeds of horizontal displacements of GPS stations of the territories
of Azerbaijan according to profile 2-2

coordinates

N Long.° Lat? \\/{ellz(mm/yr) \\/(elﬁ(mm/yr) AZM,* vVeI(mm/yr) sc,iapt?ons
1 50.58 40.31 3.43 1.2 81 3.6 JLVG
2 50.16 40.41 4.8 -0.4 95 4.8 GALG
3 49.99 40.58 3.77 1.13 73 3.9 NRDG
4  49.73 40.40 3.55 0.85 77 3.7 GOBG
5) 49.01 39.96 6.09 59.55 48 8.2 ALIG
6 48.78 38.71 4.15 13.23 17 13.9 LKRG
7 48.39 39.24 -1.97 5.01 21 10.2 GLBG
8 48.34 38.64 6.16 13.36 25 14.7 LRKG
9 48.24 38.91 7.18 11.49 32 13.5 YRDG

On the 1-1 'profile in the strike cross of the Greater and Lesser Caucasus, there is a noticeable
decrease in the speeds of horizontal movements at an epicentral distance of 50 km (Fig. 6), which
indicates the approach of the Lesser Caucasus to the Kura Depression at a speed of 12-16 mm/year
and a gradual shift of Kura Depression under the Greater Caucasus.
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Figure 6. Components of the speeds of horizontal movements of GPS observation points along profile 1-1

In Figure, the profile is shown in the direction from the Talysh region to the Absheron
peninsula (SW-NE direction). The speeds of the stations Nardaran, Gobu, Gala and Zhiloy Island,
which are included in the Absheron zone, are characterized by almost similar displacement rates
(5.3 mm/year, 4.7 mm/year, 4.5 mm/year, and 4.4 mm/year, respectively). The profile shows a
noticeable decrease in the northern component of the displacement rates compared to the high
values of points located in the southwestern part of the selected profile (LKRG_GPS=13.4
mm/year, GLBG_GPS=13.4 mm/year, YRDG_GPS=12.0 mm/year). In addition, there is a

250
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noticeable increase in the azimuthal angles of the Absheron stations indicating a clockwise
movement in the east-south-east direction to 130°.
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Figure 7. Components of the speeds of horizontal movements of GPS observation points along profile 2-2

At points located in the Lesser Caucasus and the Kura Depression within eastern Azerbaijan,
a GPS station located in the coastal zone of the Caspian Sea slightly south of the Absheron
Peninsula; there is a sharp decrease in speeds in points and rotation of velocity vectors in the
clockwise direction. A sharp decrease in the velocity and rotation of the vectors occurs east of the
longitude 40°E along the West Caspian Fault and on the West Caspian Fault a right-side shear
movement occurs at a speed of 14+1 mm/year. The existing distribution of velocities and their
gradients causes various values of stress accumulation along the MCT, which may affect the
seismic mode of the study area.

Conclusion

Detected increase in speed in 2019 at Lerik, Lankaran, Jalilabad, Agdam and Saatli stations, it
is the most significant feature of the velocity field in the region where the crust decreases across the
eastern MCT segment (longitude 48°). In western Azerbaijan, a reduction in the size of the Earth’s
crust in the Greater Caucasus occurs between the MCT and the southern wing of the North
Caucasian Thrust (NCT).

It was established that along the Kura Depression in the direction from the Middle Kura
Depression to the Lower Kura Depression (i.e., from northwest to southeast), a gradual increase in
the speeds of horizontal movements from 7.3 to 15.5 mm/year is observed, which is characterized
by the compression condition. Note that over the past year, the zone of the Lower Kura Depression
IS characterized by the manifestation of high seismic activity, expressed in several earthquakes with
magnitudes greater than 5, characterized by a reverse fault type.

In addition, a noticeable decrease in horizontal movement speeds at an epicentral distance of
65 km is observed in the strike cross of the Greater and Lesser Caucasus, which indicates the thrust
of the Lesser Caucasus on the Kura Depression with an average speed of 10-12 mm/year and the
gradual shift of the Kura Depression beneath the Greater Caucasus. On average, in the territory of
the Greater Caucasus, at different stations, it was 3.1-9.6 mm/year, and in the Lesser Caucasus, 7—
10.1 mm/year.

At GPS stations Nardaran, Gobu, Gala and Zhiloy Island, which are part of the Absheron
zone, almost similar values of horizontal displacement velocities are observed (3.9 mm/year, 3.7
mm/year, 4.8 mm/year, and 3.6 mm/year, respectively). In the direction from the Talysh region to
the Absheron peninsula (SW-NE direction), a noticeable decrease in the northern component of the
displacement rates is observed compared to the high values of the points located in the southwestern
part of the selected profile Lerik, Lankaran, Yardimly (14.7 mm/year, 13,9 mm/year, 13.5
mm/year). In addition, there is a noticeable increase in the azimuthal angles of the Absheron
stations, indicating a clockwise movement in the east-south-east direction from 40° to 80° -120°.

Thus, based on the data obtained for 2019, the average strain rate in the north-north-east of
Azerbaijan is 8.4 mm per year.
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RESEARCH STUDIES OF THE STRESS-STRAIN STATE AND OF THE SEISMIC
RESISTANCE OF UNDERGROUND STRUCTURES

I.R. Sadigov!, T.Kh. Aliyev?, N.S. Mastanzade®

Underground devices (metro structures, tunnels, water-sewage pipes, reservoirs, etc.) are the
most sophisticated devices in mechanics, because these devices are one-way communication
devices. What are one-way communication devices? Because the underground facilities are in
(surrounded by) the ground the device is operating under influence when force (whether static force
or dynamic or seismic force) pushes these devices towards the ground, and when pushed in the
opposite direction, the device does not work, i.e. one-way communication is lost. As a result, the
rigidity of the device changes. This, as we know, greatly affects the result of the calculation. This
calculation has a great effect on dynamic and seismic calculations. In this article, we wanted to
review the dynamic and seismic calculations of underground structures. It should be added that in
order to solve such complex problems, along with analytical calculations, it is also advisable to
conduct experimental testing. In other words, in addition to analytical calculations, it is necessary to
apply the experimental method. We have also taken this path in the article. That is, we calculated
the underground facility both analytically and experimentally. Dynamic and seismic calculations are
based on finding the parameters of the free oscillation of the device. In our opinion, the parameters
of the free oscillation of the device (frequency - v, circular frequency - o, attenuation - &, period - T,
etc.) do not depend on external influences.Therefore, the dynamic or seismic motion of a device, as
well as its resonance, depends on the overlap of the circular frequency of free movements with the
frequency of the circular oscillation of the forced oscillation.

The issue of reducing the risk of seismic collapse has now become the most pressing problem
in the theory of earthquake-resistant buildings and structures. Because the following three areas of
earthquake protection in seismically dangerous areas are not able to solve this problem
unequivocally: 1) Earthquake prevention [2, 3]. This is a natural phenomenon and cannot be
prevented; 2) Providing a short-term forecast of the earthquake. Although the method of predicting
earthquakes was given by the Japanese scholar Imamuri at the end of the 19th century, it was not
possible to implement it successfully, with some exceptions; 3) Although great research has been
conducted in the United States, Japan and other countries in the field of calculation, design and
construction of earthquake-resistant buildings and structures, in all cases no way has been found to
save buildings and structures from earthquakes. Therefore, the opinion of seismologists and anti-
seismologists around the world is that the best way to protect against earthquakes and live in
harmony with them is to study the risk of seismic collapse.

Determination of seismic risk of groundwater reservoir installation

The Shollar-Baku water pipeline and reservoir, which were a source of pride for Azerbaijanis,
scientifically combined with the hydro-technical facilities of the time, and put into operation 100
years ago, are still at the service of people today. This hydraulic installation is indebted to two great
historical identity - the great philanthropist, mecenat Haji Zeynalabdin Taghiyev and the English
engineer of hydraulic installation William H.Lindley (Sir William Heerleyn Lindley) (Figure 1a).

During the inspection of the reservoir, it was found that there is a need to restore the materials
used underground and strengthen the facility [5, 6, 7]. When calculating underground arched
structures, the load of the above-ground soil, the horizontal effect of the soil on the walls and the
hydrostatic pressure of the water inside are taken into account.
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a) b)

Figure 1. Shollar reservoir during construction (1911) and a fragment of its cross-section

with the forces acting on it —b.

Calculation of underground structures by seismic force practically, is a matter of very difficult
dynamics. Its exact analytical solution is often not possible. Therefore, numerical methods based on
the finite element method are used here. The equilibrium formula of the "ground-device" system for
time t can be written as follows:

[MI{U®)} + [CH{U®} + [KI{U©®)} = {R()} (1)

{R (1)} is the vector of external forces; [M] -mass matrix of the system; U (t) -displacement
vector; - velocity vector of motion; - acceleration vector of motion; [K] - stiffness matrix of the
system; [C] is the extinction matrix of the system motion. These forms of disintegration lead to
changes in the nodes with finite elements and the integration of the dynamic equilibrium state
makes it more comfortable.The ground that falls on the arch structure today, newly built reinforced
concrete pans and snow load on the arch structure is accepted as g1 = 7.0 tq / m2. The ground load
on the outer walls of the warehouse is g2 = 10.0tq / m2. The warehouse floor has a load of g3 =
250kg / m2. These are regularly distributed constant loads (Figure 1b). In addition, taking into
account the fact that the Baku region is an active earthquake zone, according to the 12-point seismic
scale (MSK-64) Here, taking into account the presence of an 8-point zone on a 12-point seismic
scale (CEC-64) and the complex engineering and geological conditions and the presence of
groundwater, a 9-point seismic zone is adopted, increasing by 1 point according to normative
documents [8]. After visual inspection, research was carried out inside the warehouse by non-
destructive methods and cern sampling. Considering the aggressive environment inside the reservoir
during designing and at that time, due to the low strength and types of steel fittings, the author
decided not to use them at all. Thus, for 100 years, very high quality indicators of concrete have
emerged. The strength of concrete can be classified as B30 according to today's standards. The
design of the warehouse in the form of a vaultin installation elements did not create tension force in
its walls but it caused the compression.This caused to the design of the edges of the reservoir at a
45-degree angle and the ground pressure to be regulated by hydrostatic pressure inside the reservoir.
From the outside, the outer walls of the warehouse are covered with clay for waterproofing with an
average thickness of 1.5 m. Schmidt sclerometer, ferroscan device, georadar instrument, concrete
core extraction machine were used during the non-destructive inspection. In addition, engineering
and geological surveys were conducted around the warehouse. Geological rocks were drilled at a
depth of 10 m, a layer of wastewater was discovered at a depth of 3-7 m. This is confirmed by
georadar figures. Later, geo and hydrology condition showed that there are difficult situation in
four other reservoirs built in this area in 1930-50 years. Studies in and around these warehouses also
confirmed this [5]. Due to the fact that the middle walls of the device are built with low durability
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and without reinforcement, they cannot withstand the force of gravity.Therefore, the middle walls
of the device are more likely to collapse first. There are 13 such walls in a row. Carbolic band-
shaped reinforcement has been proposed to reinforce these walls and the walls of the entire
underground reservoir facility in general and extensive experiments have been conducted on such
reinforced device fragments [5, 6, 7]. This method of reinforcement has recently become
widespread in concrete structures with little or no reinforcement.

Underground iron concrete water-sewage pipes

Underground water-sewage pipes are made of iron-concrete, length is 1-2.5m, with a diameter
ranging between ¥600-3000mm, connected to each other in the ground at a depth of 4-6 m. Among
the problems in the production of reinforced concrete pipes - achieving the required size of the
protective layer of the reinforcement frame in the pipe, the presence of cracks on the pipe and its
inner surface, breakage, etc. reduce the time of pipe production. Analyzing the large number of
underground pipelines damaged during the earthquake, it can be seen that the main reason is the
generation of traction. Iron-concrete pipes are installed only by the method of passing each other
and because the distance between the pipes does not exceed 10 cm, there is a danger of the pipes
separating from each other due to the transverse force created during landslides and earthquakes.We
can give many examples of this (Figure 2). Today, underground iron-concrete water-sewage pipes
are produced in iron-concrete plants in special devices by dry vibropressing.

= e o A 7

Figure 2. Appearance of pipes damaged during exploitation

The inner and outer surfaces of the pipes coming out of the device are plastered by masters.
Groundwater-sewage iron-concrete pipes are strictly accepted in engineering calculations and are
calculated according to the scheme without deformation.That is, the reaction of the side ground is
not taken into account [10]. It is important to include in the calculation the weight of the pipe and
the weight of the water inside, the size of the pipe, the specific gravity of the reinforced concrete
and the water. Ground pressure in the vertical direction is assumed to be a uniformly distributed
force, and the soil load between the pipe and the ground is assumed to be a variable spreading force.
The total value of this force can be written as follows:

Gy = YgHD k )

vy is the specific gravity of the soil; H - depth to the pipe at ground level; k - pressure
coefficient of soil; De-the width of the trench where the pipe is located.The diagram of the forces
acting on the pipe is shown in Figure 3.
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Figure 3. Power scheme affecting the underground pipe (a) and intra-pipe voltage distribution in Plaxis 2D program (b):
1- intra-pipe water pressure; 2 -weight of the pipe; 3-vertical pressure of the upper soil layer; 4-pressure in the upper
cavities; 5-edge ground pressure; 6-ground base reaction.

Thus, as soon as four plastic joints are formed in the pipe, the pipe begins to collapse, and it is
divided into practically four non-deformable disks.This leads to the propagation of moments along
the perimeter of the pipe. PLAXIS 2D computer calculation program was selected for mathematical
modeling of the pipe-ground system.This program is used in engineering-geological and design for
the analysis of finite element systems.The calculation was carried out under the condition of
superficial deformation (Figure 3b) [10]. It should be noted that the tension at the top and slope
points of the pipe is mostly on the outer wall of the pipe, but at the middle edge points of the pipe is
on the inner wall of the pipe.This indicates that the tension in the compressed areas of the pipe is
close to the maximum.The same procedure was calculated on the divisions showing the difference

in displacement from the seismic force in the pipes.

[E1T

Pipe tests were carried out on the basis of the Interstate Standard GOST 6482-2011
[12]. Therefore, fibrous pipes with a fiber content of 20, 30 and 40 kg/m3 made by dry vibropressing
m In this case, steel reinforcement was completely abandoned in the production of fibroconcrete
pipes and reinforcement carcass is replaced by steel and polypropylene fiber. The steel fibers were 6
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cm long, 3D-shaped, with 20, 30 and 40 kg of fiber contribution per cubic meter. Polypropylene
fibers are added to concrete with a volume of 4 kg/m3. The pipes were stored at the plant until the
28-day concrete strength limit was reached. After collecting the resistance, the pipes were tested in
the central laboratory of the plant. The pipe was tested for compressive strength and roof resistance
under a hydraulic press (Figure 4) [10].

Each force phase was expected at 2-5 minute intervals, and cracks and deformations in the
pipe were observed and recorded. Deformations were recorded by electronic deformation sensors
and transmitted to a computer. These sensors were mounted on stationary tripods and recorded the
vertical and horizontal deformations of the pipe under the applied force. The tests showed the
following results: Maximum force Pmax = 123.67kN for 20 kg / m3 fiber contribution, for
deformations ey = 15mm, ex = 2.5mm; for 30 kg / m3 - Pmax = 162.50kN, gy = 15mm, ex =
0.1mm; for 40 kg / m3 - Pmax = 153.55kN, gy = 20mm, &x = 4mm. The test results are shown in
the timetable below. It can be seen that pipes with a fiber content of 30 kg/m3 are the optimal
choice. Reduces more fiber addition rates. More fiber addition lowers the indicators.

Table 1
Ne The type of pipe being Maximum Maximum vertical Enlargement
tested, @600 mm force, deformation deformation
kN obtained without | obtained without
compression, compression,
mm mm
1 | fibroconcrete pipe made
of steel fiber with 20 123,67 15 2,5
kg/m3
2 | fibroconcrete pipe made
of steel fiber with 30 162,50 15 0,1
kg/m?
3 | fibroconcrete pipe made
of steel fiber with 40 153,55 20 4
kg/m?®
a) b)

Figure 5. Cross-section of the underground station (a) and typical section for calculation (b) [11]
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Calculation, examination and testing of metro facilities

Arch systems have played an important role in the construction of underground facilities. The
forces acting on these devices are the weight of the soil on them. These include railway tunnels,
underground hydroelectric power stations, metro facilities. A metro station is a complex space
device, and a typical section is allocated for its calculation, and it is calculated as a surface system
(Figure 5) [10]. In underground installations, the surrounding soil is perceived in the direction of the
movement of the installation, and the presence of soil in the opposite direction of the installation
should not be taken into account. Thus, the ground is also considered as a one-way communication.

The Winkler model is often adopted as the ground model. The structure that supports the
underground structure is called the facing structure. If the ground is unstable, the facing device is
built along the entire contour of the device. The facing device is assembled from separate segments.
These segments can vary in number from 6 to 9. The segments are made of iron or reinforced
concrete. When calculating the subway arch structure, the circular cross section can be shown as a
polygon (Figure 6) [11].

Figure 6. Polygonal scheme of the metro arch installatilon

The calculation of the facing device can be done more easily in the form of a matrix. Here the
force of propagation is replaced by the force at angular points. The surrounding ground is replaced
by an unrelated bow system. The stiffness of the bows is calculated as follows:

D = kb2, 3)
where b is the width of the surface (taken as b = 1 in the calculation); s1 and s2 are the lengths of
the polygon to the right and left of the spring support point; k is the Winkler coefficient of the soil.
Today, the biggest problems in the construction of underground subway tunnels are the impact of
underground soil on iron concrete elements, moisture in the ground damages the strength of
concrete, corrosion of steel reinforcement in segments and eventually loss of element strength.
Therefore, as in other facilities, the construction of the subway has already included the
construction of fiber-concrete, and its application is on the agenda in many European countries.
These studies are based on extensive experimental research and experimental experiments. An
example is the application and experimental studies of fibroconcrete segments in Barcelona, Spain
(Figure 7) [13].
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Figure 7. Iron-concrete segments constructed for a metro installation (a) and its test (b) [13].

In addition, as in any underground facility, different reinforcement methods are used to
reinforce other load-bearing elements in metro facilities.

Conclusion and recommendations

1. Knowing the properties of underground structures, it is necessary to know and study the
physical and mechanical properties of the soil surrounding the structure - period, extinguishing
capacity, density, groundwater level. This issue comes to the fore because "device + enclosed
ground” works as a system.

2. Test results of pipes used in underground water supply and sewerage construction have
shown a significant advantage of metal and polypropylene fibers in fiber concrete pipes. In
particular, modern construction technology, the construction of new metro stations and long-term
facilities can have a significant impact on construction that requires compliance with European
Standards.

3. Because underground facilities are one-way communication systems, communications are
disrupted during an earthquake. This changes the rigidity of the system. Given this situation, it is
important to test experimentally to study the true strength and rigidity of the device.

4. Carboniferous tape and laminate surface reinforcement may be offered in case of
insufficient or complete reinforcement of steel reinforcement in the reinforced concrete elements of
underground facilities.
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ANNOTATIONS

1. MOHO DEPTH DETERMINATION BY CONVERTED PS-
WAVE METHOD FOR THE TERRITORY OF THE GREAT CAUCASUS

S.E. Kazimova

For the first time, based on the analysis of the wave characteristics of distant earthquakes rec-
orded at seismic and telemetric stations of the RSSC, the depths of the Moho border for the territory
of the Greater Caucasus were clarified by the method of reflected Ps-waves (Receiver functions). A
map of isolines of the depths of the Moho border was constructed and depths were determined for
the territory of the Guba-Gusar region 48-50 km, for the Zagatala-Balakan region 46-47 km, for the
Shamakhi-Ismayilli region 48-52 km.

Key words: Ps-exchange waves, Receiver function, wave polarization.

2. HYDROGEOLOGICAL CONDITION AND ITS IMPACT ON THE LEVEL
OF SEISMIC HAZARD IN NIZAMI DISTRICT, BAKU CITY

Z.S.Aliyeva, L.T.Fettahova, F.Z.Mehdizadeh

It is important to clarify the level of seismic hazard in the construction areas of seismically ac-
tive areas. One of the major factors that affect the level of seismic hazard is hydrogeological condi-
tions in the construction areas. In order to determine the effect of hydrogeological conditions on the
level of seismic hazard, the research works have been carried out in the Nizami district in Baku city.
The researches have been carried out mainly based on data materials and well data obtained from
the construction fields conducted in the area in 1998-2018.

Key words: hydrogeology, ground, underground water, seismic hazard, point

3. SEISMICITY OF ZAGATALA TERRITORY FOR 2019
S.S. Ismayilova, E.S. Garaveliyev

The seismicity of the Zagatala seismogenic zone has been analyzed on the basis of digital data
for 2019. One of the most important events of the year was an earthquake in the Zagatala zone with
a magnitude of 4.9.

The Zagatala-Balakan zone is one of the main seismic active zones in Azerbaijan. High seis-
mic activity is observed in the research area in 2019. The article extensively analyzes the history of
the area and especially the digital data for 2019. The depth distribution of earthquake epicenters and
sources have been studied, the seismic energy allocated by months have been calculated, intensity
of the earthquake of magnitude 4.9, that occurred in this area on August 10, 2019, and geometric
dimension of the Pleistocene area have been determined on the basis of macroseismic studies.

Key words: seismicity, macroseismic studies, isoseists.

4. FEATURES OF CHANGE OF SEISMOMAGNETIC EFFECTS BEFORE THE
STRONG IMISHLI EARTHQUAKE OCCURRED IN THE MIDDLE KURA
DEPRESSION IN 2016

N.B. Khanbabayev

Features of seismo-magnetic effect have been studied before tangible Imishli earthquake (ml
= 5.6, 01.08.2016). It is noted that the anomalous changes of geomagnetic field stress are preceded
by seismic events and reflect the stress-strain condition in the geological environment, as well as the
geodynamic process in the source zones.

Key words: ANAS- Azerbaijan National Academy of Sciences, RSSC — Republican Seismic
Survey Center, SME- seismo-magnetic effect, nT-nanotesla, mechanism of source.
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5. GEODYNAMIC SITUATION IN AZERBAIJAN ACCORDING TO GPS
STATIONS IN 2019

Kazimov I.E.

The strain rates of the Earth's crust of the territory of Azerbaijan are considered according to
GPS measurements using the GAMIT/GLOBK program for 2019. The axes of compres-
sion/contraction of the Earth's crust in the Greater Caucasus region are in the S-NE direction. The
maximum values of strain rates (15 mm per year) are observed at stations where there is a sharp
change in the directions of the compression axes (SW-NE). Zones with very low strain rates, of
3.6-4.8 mm per year (Absheron Peninsula) were also identified in the deformation field.

Key words: seismicity, GPS, stress state, strain rate, source mechanism.

6. RESEARCH STUDIES OF THE STRESS-STRAIN STATE AND OF THE
SEISMIC RESISTANCE OF UNDERGROUND STRUCTURES

LR.Sadigov, T.Kh.Aliyev, N.S.Mastanzade

The article explores loads on underground structures. The results of experimental tests of the
structure to determine the stress-strain state are given on an equal basis with the design methods. In
order to increase seismic resistance of structures, versions of carbon fiber reinforcement and
structures with steel and polypropylene fiber have been tested as reinforcement.

Key words: stress, strain, fiber concrete, carbon fiber filled.
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ANNOTASIYALAR

1. OKS OLUNAN PS-DALGALARIN USULU 9SASINDA BOYUK QAFQAZ
ORAZISININ MOHO SORHODIN DORINLIYIN QiYMOTLONDIRILMOSI

S.E. Kazimova

Mogqalado 11 may 2017-ci ildo 07s 24d Saatli rayonunda vo 15 noyabr 2017-ci ildo 23h 48m
Agdam rayonunda bas vermis giiclii 7 bal olan zalzalalor tohlil olunur.Osas tokenlorin vo onlarin
avtersoklarin ocaq mexanizmlori qurulub va tohlil olunub. Miisyyon olunub ki, Saatli zalzalosi Kiir
qurilmanin daxilinde yerlasir. Ocaqda yerdoyismenin qiymoti (DP1=77°, DP2=46°) qirilib qalxma
yerdoyismo tipli horokotlorin {iistiinliik toskil etdiyini gdstorir. Agdam zolzolosi li¢lin ocaqda
yerdoyismanin qiymati sol torafli yerdoyismo qirilib-qalxma tipli horokatlor togkil etdiyini gdstorir
vo Arpa-Samur qirilmasi ilo uzlasir.

Zolzololorin enino dalgalarin rogamsal kanallarinin osasinda Furye spetktrlart qurulmus vo
bucaq tezliyi f,, seysmik momenti M,, dairovi yer doyigsmonin radiusu ro, bosalmig gorginlik Ac,
qirilma iizro yerdayismonin qiymati D vo ocagin hocmi V hesablanmisdir.

Acar sozlor: ocagin mexanizmi, qurilib-qalxma, dairavi yer dayismanin radiusu, qirilma iizra
yerdayismanin giymati.

2.  BAKI SOHORI, NiZAMi RAYONUNDA HIDROGEOLOJi SORAIT VO
ONUN SEYSMIK TOHLUKO SOViYYOSINO TOSIRI

Z.8. Oliyeva, L.T. Fattahova, F.Z. Mehdizada

Seysmik cohotdon aktiv orazilords tikinti aparilan saholordo seysmik tohliikonin soviyyasinin
doaqiqlogdirilmoesi mithiim ohomiyyat kasb edir. Seysmik tohliikenin soviyyesine tesir edon osas
amillordon biri tikinti sahasindoki hidrogeoloji soraitdir. Hidrogeoloji soraitin seysmik tohliikonin
soviyyasine tasirini miioyyanlosdirmok moagsadilo Baki soharinin Nizami rayonu orazisinde todqiqat
islori aparilmigdir. Aragdirmalar osason fond materiallar1 vo1998-2018-ci illordo orazido aparilmis
tikinti sahalorindon alde olunmus quyu molumatlar1 asasinda aparilmisdir.

Agar sozlor: hidrogeologi, qrunt, yeralti sular, seysmik tahliika, bal.

3. 2019-CU iLDO ZAQATALA ORAZISININ SEYSMIKLiYi
S.S. Ismayilova, E.S. Qaravaliyev

2019-cu il orzindo Zaqatala seysmogen zonasinin rogamsal molumatlar asasinda seysmikliyi
analiz olunmusdur. Il orzindo on miihiim hadisolordon biri do Zaqatala zonasinda bas vermis
maqnitudas1 ml=4.9 olan zalzaladir.

Zagatala-Balakon seysmoaktiv zonast Azorbaycanin osas seysmoaktiv zonalarindan biri
sayilir. 2019-cu ildo Oyronilon orazinin seysmik aktivliyinin yiiksok olmasi musahido olunur.
Magqalods orazinin tarixi vo asason do 2019-cu ilde rogomsal molumatlar genis tohlil olunmusdur.
Zolzalo episentlorinin vo ocaqglarinin dorinlik ilizro paylanmasi arasdirilmis, aylar lizro ayrilan
seysmik enerji hesablanmis, 10 avqust 2019-cu il tarixinds bu orazido bas vermis maqnitudasi
ml=4.9 olan zslzolonin makroseysmik todqiqgatlar osasinda intensivliyi vo pleystoseyst sahoasinin
handasi dl¢iilori miioyyon edilmisdir.

Agar sozlor: Seysmiklik, makroseysmik tadqgiqatlar, izoseystlar.
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4. ORTA KUR COKOKLIYINDO 2016-CI ILDO BAS VERMIS GUCLU IMISLI
ZOLZILOSINDON ONCO SEYSMOMAQNIT EFFEKTIN DOYISMO
XUSUSIYYOTLORI

N.B. Xanbabayev

Hiss olunan Imisli zolzolosindon ovvol (ml=5.6 01.08.2016) seysmomagqnit effektin
xiisusiyyatlori xarakteri Oyronilmigdir. Qeyd edilir ki , geomaqnit saho gorginliyinin anomal
doyigsmolori seysmik hadisolori gabaqlayir vo geoloji miihitdoki gorginlik-deformasiya voziyyatini,
homginin ocaq zonalarinda gedon geodinamik prosesi oks etdirir.

Acar sozlor: AMEA-Azorbaucan Milli Elmlor Akademiyasi, RSXM-Respublika Seysmoloji
Xidmat Morkazi, SME-seysmomaqnit effekt, nT-nanotesla, ocagin mexanizmi.

5. GPS STANSIYALARININ MOLUMATLARINA GORO 2019-CU iLDO
AZORBAYCANDA GEODINAMIK VOZiYYOT

LE. Kazimov

GPS stansiyalarin GAMIT/GLOBK proqramin vasitasi ils hesablanan 2019-cu il molumatlari
osasinda Azorbaycan orazisi ii¢lin Yer qabiginin deformasiya siiratlorinin tohlil olunur. Boytik
Qafqaz orazisi {iglin simal-gsimal-sorq istiqamatli harokotlor miisahide olunur.On yiiksak siiratlor (15
mm/il) sixilma oxlarinin istigamotlorindo kaskin dayisiklik (CQ-SS) olan stansiyalarda miisahido
olunur. Hotda deformasiya sahado ¢ox asagi siiratlo horokat edon arazilor do miioyyan edilib — 3.6-
4.8 mm/il (Apseron yarimadasi).

Agar sozlor: seysmiklik, GPS stansiyalari, garginlik vaziyyati, ocaq mexanizmlari.

6. YERALTI QURGULARIN GORGIN-DEFORMASiYA HALININ
ARASDIRILMASI VO ZOLZOLOYO DAVAMLILIGININ OYRONILMOSI

I.R.Sadiqov, T.X.Oliyev, N.S.Mastanzad>

Xiilasa: Maqalods yeralti qurgularina tasir edon qiivvelor aragdirilmigdir. Hesablama tisulari
ilo barabar eksperimental sinaq yolla qurgularin gorgak gorgin-deformasiya hali todqiq olunmusdur.
Qurgularin zslzaloyodavamliliq mogsadi ilo giiclondirilmasindos karbolifli sothi armatur, domir vo
polipropilen fibra qatilimi tokliflori yoxlanilmigdir.

Acar sozlor: gorginlik, deformasiya, fibrobeton, karbolifli plastik armatur.
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AHHOTAIIUN

1. OHEHKA I'V1IYBUHBI HOBEPXHOCTHU MOXO METOJAOM OBMEHHBIX
PS-BOJIH AJIs1 TEPPUTOPUU BOJIBIIOT'O KABKA3A

C.3. Kazvimosa

B cratbe aHanM3MpyrOTCS CUJIbHBIE 7-MU OalbHbIE 3emileTpsiceHus mpousouienmue 11 mas
2017 r., 8 07h 24m B CaarnuHckoMm paiioHe u 15 HosiOps 2017 r. B 23h 48m B ArmaMckoM paiioHe.
[TocTpoeHbl U MpoaHATU3UPOBAHBI PEIIEHUs MEXaHU3MOB OYaroB OCHOBHOI'O TOJYKAa M Hambosee
omryTuMbIX adrepmokoB. OyaroBas oOmacte CaaTIMHCKOTO 3eMIIETPSICEHUS HAXOAWTCS B 30HE
nevicteus Kypunckoro paszioma. Tum nBwkeHuss 1o o0euM KpyThiM 1uiockoctsm (DP1=77°,
DP2=46°) — B30poc ¢ HEOOJBIIUMU DIIEMEHTAMU CABHUTa. DIMUIECHTP ATJAMCKOTO 3eMIIETPSICCHUS
npuypodeH Kk Apmna-CaMmypckoMy pas3jioMy ¥ MOTYT OBbITh MNPOMHTEPIPETUPOBAHBI  KaK
MPABOCTOPOHHSST  B30Opoco-cnBuroBas jaeopmariisi B 30HE T'€OJUHAMHYECKOTO  BIUSHUS
neBoctopoHHero Apma-Camypckoro pasznoma. [lo nuudpoBsiM ceficMorpaMmamM MONEPEYHBIX BOJH
3eMJICTPSICEHUM OBLIM MOCTPOCHBI aMIUTUTYAHBIE CHEKTphl Dypre, KOTOphIE Hald BO3MOXXHOCTH
oTpeeNieHus] TaKMX AMHAMUYECKUX MapaMeTpoB, Kak yriosas yactora f0, celicMuyeckuii MOMEHT
MO, pamuyc kpyroBoil auciokanuu R, cOpomieHHoe HampsbkeHue Ds, cpeaHsisi MOABHXKKA IO
pa3psiBy D.

Kniouesvie cnosa: mexanusm ouaza, 630poc, paouyc Kpy208oU OUCIOKAYUU, CPeOHSs
NOOBUNCKA NO paA3PblEY.

2. THAPOTI'EOJIOI'MYECKOE COCTOSHHUME U EI'O BJIUSIHUE HA
YPOBEHDb CEﬁCMI’I‘IEiCKOfI OIMACHOCTHU B HUBAMNHCKOM
PAHUOHE, 'OPOJA BAKY

3.C. Anuesa, JI.T. Dammaxoea, @.3. Mexmu3zaoe

OnHol M3 BaKHEUIIUX 3a/1ad B 00JIaCTU CEHCMOCTOMKOTO CTPOMTENIbCTBA SIBIIACTCS OIICHKA
YPOBHSl CEMCMMUYECKON OINACHOCTH Ha CTPOMTENBHBIX Iom@ankax. IIpu onpenenenun ycinoBui
CTPOUTENbCTBA OOJBIIOE BIUSHUE HAa WHTEHCHUBHOCTh 3E€MJIETPSICEHUN OKAa3bIBAIOT MECTHBIE
MH)XEHEPHO-TE0JIOIMYECKHE YCIOBUS, TJIe 0C000€ MECTO 3aHUMAIOT I'MIPOTre€0JOTHUECKUE YCIOBHUS.
JIJ1st OLIEHKM BIIMSIHUS TUAPOTEOJOTHUECKUX YCIOBUN HA CEMCMUYHOCTh U3Yy4aeMOU TEPPUTOPHH, B
HuzamunckoM paifone r.baky ObulM IpOBeAEHBI HCCIENOBaHHS Ha OCHOBaHMM (DOHAOBOTO
matepuana 3a 20 et (1998-2018 r.r.) u muTepaTypHBIX JaHHBIX.

Kniouesvie cnosa: eudpoceonocus, epyHmoi, noo3emuvie 800bl, CEUCMUUECKAs. ONACHOCMDb,
oan.

3. CEUCMMYHOCTbH HA TEPPUTOPHU 3ATATAJIBI B 2019 T'OJY
C.C. Hcemaiinosa, 3.C. I'apasenues

Ha ocHoBe 1udpoBBIX MaHHBIX ObUIa MPOAHANIM3MPOBAHA CEHCMHYHOCTh 3araTajlbCKOM
ceficMmorenHor 30HBI 3a 2019 1. OmHMM W3 BaXHEUIIUX COOBITHH TOJa CTAJIO 3€MIICTPSICEHHE
npu3oLIe/IIee B 3araTaibCkoM paifoHe ¢ MarHuTya0i ml=4.9.

3ararana-banakaHckas celicCMOTeHHAas 30HA SBIISIETCS OJHOM M3 OCHOBHBIX CEMCMOAKTHBHBIX
30H B AzepOaiikane. B 2019 rony B paiione nccienoBanuil HaOM01aeTCs BHICOKAs ceCMHUUECcKast
aKTHUBHOCTb. B cTaTbe aHAIN3UPYETCs CEMCMUYHOCTh B HCTOPUYECKUN IEPUOT M B IEPUOJ
UCMOJIb30BaHUs IUPPOBBIX JMaHHBIX 3a 2019 roa. beulo u3ydeHo pacmpereneHHe SHULEHTPOB
3eMJIETPACEHUN KaK B MPOCTPAHCTBE TaK M IO TIyOMHE, paccuMTaHa celicMuuecKas HHEeprus Mo
MecsaM, UHTEHCUBHOCTb, a TaKXKe€ JUIsl CHIIBHOTO 3eMJIeTpsiceHHs mnpowusomenmero 10 asrycra
2019 rona ¢ marauTyn0it ml=4.9 6buH OmnpeneseHbl FeOMETPUUECKHUE pa3Mephl MIIEHCTOCEHCTOBOM
00JIaCTH Ha OCHOBE MaKpOCEHCMUYECKUX HCCIIEIOBAHUH.

Kniouesvie cnosa: celicmuunocms, makpoceticmuieckue uccieo008anusl, u3oCeucmoi.
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4. OCOBEHHOCTH UBMEHEHMS CENICMOMATHUTHBIX YODPEKTOB
HEPEJ CWIbHBIM 3EMJIETPSICEHMEM B UMUIILJIN,
MMPOU3SOMEAININUM B CPEJHE KYPUHCKOU BITAJHUHE B 2016 T'OAY

H.b. Xanoaoaee

N3yden xapaktep MposIBICHUs CECMOMarHuTHOro 3¢ddexra nepen ouryTuMbiM MMULUIMH-
ckuM 3emierpsicenuem (ml=5.6, 01.08.2016). AHoMabHBIE H3MEHEHUS B HANIPSHDKEHHOCTH Teomar-
HUTHOTO TOJIA MPEBAPSIOT CEMCMUYECKOE COOBITHE U OTPAXKAIOT HAIMPSHKEHHO-AEPOPMUPOBAHHOE
COCTOSIHME T€OJIOTUYECKON Cpelbl M TEOJUHAMUYECKHIA TIpoliecc B o0macTu (hOpMUPOBAHHS 0Yaro-
BOM 30HBI.

Knoueswvie cnosa: HAHA — Hayuonanvhas akademus nayk Asepoatioxcana, PIICC - Pecny6-
JUKAHCKULL YEeHMP CeUCMONI02UeCKOU Cayxcovl, ceucmomacHumubvlii s¢pghexm, nln - nano Tecaa,
Mexanuzm ouaza.

5. TEOIMHAMUYECKASI OBCTAHOBKA B ASEPBAMJIKAHE 3A 2019 . 11O
JAHHBIM GPS CTAHLIMIA

H.2. Kazvimos

PaccmarpuBarotcst ckopoctu nedopMmanuii 3eMHOW KOpPBI TeppuTopuH A3sepOaiipkaHa IO
nanabiM  GPS-u3mepenuit nHa ocuoBe mnporpammbl GAMIT/GLOBK 3a 2019 roa. Ocu
CKaTHs/COKpaIIeHUs 3eMHONW KOpbl B pernoHe bombmoro Kaekaza mmeror FHO-CB nHampaBnenwue.
MaxkcuManbHble 3Ha4Ye€HUsA CKOpocTei aedopmarnuu (mopsaka 15MMm B roa) HaOMIOAArOTCS Ha
CTaHIUAX, TJI€ HMMEET MECTO pe3Koe H3MeHeHue Hampapienuit oceir cxarus (FO3-CB). B
nedOpMAIMOHHOM TI0JI€ BBISIBJICHBI TaK)KE€ 30HBI C OUYEHb HU3KHUMHU CKOPOCTSIMH aedopmanuu,
nopsaka 3.6-4.8MMm B rojt (ANIEepoHCKU 11-0B).

Knrouesvie cnosa: ceicmuunocmos, GPS, nanpscennoe cocmosnue, ckopocms oeghopmayuu,
Mexanuzm odaaa.

6. HCCJIEJOBAHUE HANPSI’)KEHHO-TE®OPMHUPOBAHHOI'O COCTOSIHUSI
N N3YYEHUE CEUCMOCTONKOCTH NOJ3EMHBIX COOPY KEHUM

HU.P.Caabiros, T.X.Anues, H.C.MacraHn3ane

B cratbe uccnenyroTcs Harpys3ku, OEHCTBYIONIME Ha MOJA3EMHBIE cOopyxkeHus. HapaBhe c
PaCYCTHBIMH METOJaMH IPUBOJAATCA PE3YIbTAThI SKCIICPHUMCHTAJIbHBIX HUCHEBITaHUHU KOHCTPYKIIMUN
M0 ONpPENENICHUI0 HAMPSHKEHHO-AePOpPMUPOBAHHOTO cOCTOsHUA. C  1EeNbl0  MOBBIIICHUS
CEHCMOCTOMKOCTH COOPYKEHHMII B Ka4eCTBE YCUJICHUS NPOBEPEHBbI BAPUAHTHI YIJIEIUIACTUKOBOIO
apMUPOBAHMS U KOHCTPYKIIUU C METAJUTMYECKOH U MOJIUIIPONUICHOBOM (HUOPOIA.

Knroueswvie cnosa: nanpspkenne, nedopmaius, GuOpoOETOH, YIriIeIacTUKOBas apMarypa.
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