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DUSHETI (TBILISI) MAGNETIC OBSERVATORY
IS ONE OF THE OLDEST IN THE WORLD

Gogua R.

Abstract. The article tells the history of the establishment and operation of Dusheti (Tbilisi) magnetic
observatory, its importance and role in the study of the Earth's magnetic field is mentioned.

Key words: Earth's magnetic field, magnetic observatory, magnetic field variations.
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ACADEMICIAN TAMAZ CHELIDZE - 90

Varamashvili N., Darakhvelidze L.

M. Nodia Institute of Geophysics, TSU, Tbilisi, Georgia

Abstract. Professor Tamaz Chelidze, a full member of the Georgian National Academy of Sciences, Doctor of
Physical-Mathematical Sciences and Chemistry, celebrates his 90" Jjubilee on December 24, 2024. So far, Mr.
Tamaz has made a great contribution to the development of geophysical sciences. “World-class leader”,
“scientist with an international reputation” — this is how outstanding foreign colleagues describe him.

Key Words: geophysics, seismicity, geo-ecology.

Tamaz Chelidze’s professional activity is versatile and interesting. It includes a wide range of experi-
mental and theoretical researches: physics of heterogeneous environment, geo-ecology, physical and chemi-
cal surface processes, exploration and archaeo-geophysics, seismicity, seismic risk assessment and prediction
of earthquakes, groundwater seismo-hydraulics. Creation of models of percolation and fracture of solids bro-
ught special popularity to the scientist. T. Chelidze’s works in percolation theory are a new direction in the
physics of seismic processes and related geophysical fields. During recent years the scientist has published
several pioneering works on the use of nonlinear dynamics and machine learning methods in solving geop-
hysical problems.

Tamaz Chelidze was born on December 24, 1934 in the family of famous scientists and teachers in Ku-
taisi. Tamaz’s father, Professor Luka Chelidze, headed the Kutaisi Pedagogical Institute, and later was the
Chair at the Faculty of Chemistry of Tbilisi State University. T. Chelidze finished his secondary school in
Kutaisi with a gold medal in 1952, and in 1957 he graduated from the Faculty of Geology of Lomonosov
Moscow State University with the specialty of geologist-geophysicist. Since 1957 he has been an employee
of the Institute of Geophysics of the Georgian Academy of Sciences. In 1957-1958 he headed the Seismic
Station in Dusheti, from 1958 he worked as a scientist at the Department of Rock Physics of the Institute, in
1976 he became the head of this department, in 1985 he was appointed the Deputy Director in the scientific
field of the Institute, during 1992-2006 he was selected in the position of the Director of the Institute from
among other candidates. From 2006 to the present Tamaz Chelidze has been the Chairman of the Scientific
Council and Head of the Sector of Applied and Experimental Geophysics of the Institute of Geophysics.

In 1964, Tamaz Chelidze successfully defended his thesis at the Tbilisi State University to obtain the
scientific degree of the Candidate of Physical-Mathematical Sciences on the topic “Dependence of the elec-
tric parameters of rocks on the field frequency®. In 1975, he defended his doctoral thesis on “Surface Effects
in Dielectric Spectroscopy of Heterogeneous Systems” in Kyiv and was awarded the scientific degree of
Doctor of Chemistry. In 1985, at the Institute of Earth Physics in Moscow, he defended his second doctoral
thesis on the topic “Percolation models in the fracture physics” and was unanimously awarded the scientific
degree of Doctor of Physical-Mathematical Sciences. In 1990 T. Chelidze was awarded the title of professor.
In the same year, the Great Scientific Council of Tbilisi State University elected him as a professor. Since
1997 he has been a corresponding member of the Georgian Academy of Sciences, and since 2013 — an aca-
demician.

In 1990-1995, a group of Georgian seismologists, headed by T. Chelidze and Z. Javakhishvili, compiled
a new map of the general seismic regions of Georgia (using Cornell’s probabilistic approach — SEISRISK-
III), which was approved by the Ministry of Construction of Georgia in 1999 as a normative document.



After many years of continuous observations in the territory of Enguri HPP, Academician Tamaz Che-
lidze, together with his co-authors, analyzed the database of tilts and deformations of the dam and its founda-
tion by use of nonlinear dynamics methods and obtained the results that are of great importance for the safe
operation of this unique facility. T. Chelidze is the Head of the European Center for “Geodynamic Risk of
High Dams” in Georgia, which was established in 1996 by the Council of Europe and which has been invol-
ved in the international research of natural and man-made risks. He is also the permanent representative from
Georgia of the Agreement on Major Disasters with the Council of Europe.

Project “Influence of strong electromagnetic discharges on the seismic regime” performed by T. Chelid-
ze aroused great interest. The results of this work, which indicate the possibility of artificial influence on the
seismic regime, were followed by a response in popular science journals in England, Italy, Greece and Chile.

Academician T. Chelidze, has been working together with scientists from the Czech Republic, Germany,
the United States of America, France, Italy, Russia, and Greece over years. In 1982-1983 he was a visiting
professor at the Institute of Geophysics in Czechoslovakia, in 1986, 1988 and 1990 — University of Colorado
(Boulder, USA), 1987-1992 — University of Strasbourg (France), 1994, 1996-1997 — University of Rennes
(France) and in 2000 — a visiting professor at Ecole Normale Supérieure in Paris. He has become a full mem-
ber of the American Geophysical Society (AGU) since 1992, a member of the Seismological Society of
America (SSA), a member of the New York Academy, World Exploration Geophysics Society (SEG), a
member of the World Innovation Foundation since 1998, a member of the European Expert Committee on
Earthquake Prediction since 2001, a member of the World Exploration Geophysics Society since 2002. On
June 23, 2021 he was elected as a member of the Royal Astronomical Society of London (Great Britain) (for
the first time in Georgian history). This multifaceted scientific activity, mastery of several foreign languages
significantly raises the authority of T. Chelidze as a great scientist and as a rare intellectual. He has been the
chairman of the Scientific Council of Seismology and Earthquake Prediction of Georgia since 1991, an aca-
demician of the Georgian Academy of Environmental Sciences since 1993, the president of the Geophysical
Society established with his direct participation in 1993-2000. He also founded the English-language journal
of this society, which has been published under his editorship once a year since 1995 in the form of two seri-
es: “Physics of Solid Earth” and “Physics of Atmosphere, Ocean and Space Plasma”. Academician Chelidze
has received many international, individual and national scientific grants. It should be noted that during the
difficult years for the Institute of Geophysics, through his high authority, the experimental bases of the Insti-
tute were equipped with modern automated systems and computers. More than 350 works have been publis-
hed under his authorship and co-authorship, including monographs and textbooks. 250 works have been pub-
lished in foreign high-rated peer-reviewed journals and publishing houses. Under his supervision, many yo-
ung people were involved in geophysical science, including four PhDs and eleven Candidates of Sciences.

In 1984 Tamaz Chelidze received the Certificate of Honor of the Presidium of the Supreme Council of
the Georgian SSR, in 2000 — the Order of Honor, in 1999 — M. Aleksidze Prize, in 2009 — M. Nodia Prize of
the National Academy of Sciences of Georgia, in 2014 — Tbilisi State University Ivane Javakhishvili Medal.
Since 2013 he has been an honorary citizen of Tbilisi.

Tamaz Chelidze is an outstanding person in every way. His exemplary personal qualities are: generosity,
modesty, high intelligence, diligence, great sense of responsibility towards himself and his colleagues.

We wish him health, courage and inexhaustible energy for the benefit of his family and Georgian science.
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THE IMPORTANCE OF THE DUSHETI (TBILISI) MAGNETIC
OBSERVATORY FOR THE GEORGIAN SCIENTIFIC ENVIRONMENT

Chelidze T., Gogua R., Matiashvili T.

Abstract. The Dusheti (Tbilisi) magnetic observatory has been included in the world observatory network since its
establishment (1844). The establishment of the observatory gave an impetus to the development of fundamental science
in Georgia. The data registered in the observatory are used to create analytical models of the Earth's magnetic field, to
study the physical processes taking place inside and outside the Earth — in the magnetosphere, to draw up maps of the
magnetic field of the territory, for marine and air navigation, to study the structure of the Earth and to search for useful
fossils, for weather forecasting, for research on the precursors of earthquakes. to study the influence of the magnetic
field on the biosphere and others.

Key words: magnetic observatory, magnetosphere, precursors of earthquakes.
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ANALYSIS OF GEOMAGNETIC ACTIVITY AND
CORONAL MASS EJECTIONS

Kiria T., Nikolaishvili M., Chkhaidze T., Mebaghisvili N.

Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilisi State University, Tbilisi, Georgia
kiria8@gmail.com

Abstract: This study investigates the relationship between geomagnetic activity and coronal mass ejections
(CMEs) by analyzing data from June to July 2023. Using key solar parameters such as solar wind pressure and
energy transfer, we assess their impact on geomagnetic disturbances. The results show that high-speed CMEs and
elevated solar wind pressures are associated with significant geomagnetic storms. Through the use of detailed
calculations and graphical charts, we provide insights into space weather prediction.

Keywords: Magnetic fields, Sun: activity, Sun: coronal mass ejections (CMEs), Sun: flares, solar wind.

1. Introduction

Space weather, driven by solar phenomena such as coronal mass ejections (CMEs) and solar flares, can
significantly impact technology and infrastructure on Earth. CMEs are large expulsions of magnetized plas-
ma from the Sun’s corona that interact with Earth's magnetic field, leading to geomagnetic storms. These
storms can disrupt communication systems, satellite operations, and power grids, making it critical to predict
their occurrence and intensity.

This paper focuses on the relationship between CME characteristics, such as speed and angular width,
and their effect on geomagnetic disturbances using data from June to July 2023. By calculating solar wind
pressure and energy transfer, we aim to improve the accuracy of space weather predictions.

2. Data and Methodology

2.1 Geomagnetic Data

The dataset magneturi_qarishxali.xlsx contains hourly readings of geomagnetic disturbances over seve-
ral days in June and July 2023. These variations in the Earth's magnetic field help us assess the intensity of
geomagnetic storms and relate them to solar events.

Date 01:00 04:00 07:00 10:00 13:00 16:00 19:00 22:00
2023-06-29 | 2 1 1 1 1 1 2 1
2023-06-30 | 1 2 2 2 2 2 3 3
2023-07-01 | 1 3 2 3 3 3 4 4

We analyzed more than 400 records.

2.2 CME Data

The coronaluri.xlsx dataset includes detailed information on coronal mass ejections (CMEs), such as ap-
pearance time, angular width, speed, and acceleration. These values allow us to calculate solar wind pressure
and energy transfer to determine the potential impact on geomagnetic activity.
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First C2 Appearance Angular Width Speed [km/s] Acceleration [m/s?]
2023-06-01 00:36:06 165 1565 -30
2023-06-01 14:12:05 14 189 13.4

We analyzed more than 1762 records.

3. Results
3.1 Solar Wind Pressure and Energy Transfer Calculations

We calculated solar wind pressure and energy transfer based on CME speed and other parameters:
Formula 1: Solar Wind Dynamic Pressure (P)

The solar wind dynamic pressure P is a key factor in geomagnetic activity and is calculated as:
P=1.6726%x10"%-n-V2,
Where:
e P = solar wind pressure (in nPa ),
e n =5 cm™3 (assumed proton density),
e V = CME speed (inkm/s).
For example, the CME on June 1, 2023, had a speed of 1565 km/s, and the calculated solar wind
pressure was:
P =1.6726x107%-5-(1565)% = 20.45nPa
Formula 2: Energy Transfer (&)

The energy transferred from the solar wind to Earth's magnetosphere is calculated using the Akasofu
parameter € :

'

Where:

e IV =1565km/s (CME speed),

e B = 5nT (magnetic field strength),

e 0 = 30° (IMF clock angle),

o Uy =4m x1077H/m.

The calculated energy transfer for the June 1, 2023 CME was:

€=3.89x101]/s
3.2 Graphical lllustrations

Solar Wind Pressure vs CME Speed
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Graph 1: Solar Wind Pressure vs. CME Speed
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The first graph shows how the speed of a CME correlates with the calculated solar wind pressure. Faster
CME:s tend to produce higher pressures, which can drive more significant geomagnetic activity.

Energy Transfer vs Geomagnetic Activity
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Graph 2: Energy Transfer vs. Geomagnetic Activity

The second graph illustrates how the energy transferred into Earth's magnetosphere relates to geomagne-
tic storm intensity. Higher energy transfer values (€) are associated with stronger geomagnetic storms.
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Graph 3: CME Speed vs. Geomagnetic Activity

This scatter plot demonstrates the relationship between CME speed and the severity of geomagnetic
storms. Faster CMEs typically cause more intense disturbances.

4. Discussion

The calculations and graphs confirm that CMEs with higher speeds and wider angular spreads tend to
produce more severe geomagnetic storms. The calculated solar wind pressure and energy transfer values
align with observed geomagnetic activity, showing a strong correlation between solar events and disturban-
ces in Earth's magnetic field.
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Notably, the CME on June 1, 2023, had the highest speed and angular width among the analyzed events,
resulting in a significant geomagnetic disturbance on July 2, 2023 — July 2, 2024. These findings support the
hypothesis that faster CMEs carry more energy into Earth's magnetosphere, causing stronger geomagnetic
storms.

Our findings also highlight the importance of monitoring the IMF Bz component, as its southward orien-
tation increases the transfer of energy from the solar wind into the magnetosphere, intensifying geomagnetic
storms.

5. Conclusion

This study presents a comprehensive analysis of the relationship between coronal mass ejections
(CMEs) and geomagnetic activity. By calculating solar wind pressure and energy transfer, we demonstrate
the importance of these parameters in predicting geomagnetic storms. The results show that faster and wider
CMEs pose a greater threat to Earth's magnetic field, emphasizing the need for continuous solar monitoring
to mitigate the effects of space weather.
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Abstract. To compile a macroseismic scale for assessing the intensity of historical earthquakes in the Armenian
Uplands, it is proposed to use two groups of the consequences of modern large earthquakes: characteristic
damage to the buildings of Armenian churches and seismogeological effects. These consequences are more often
found in written information about historical earthquakes of the Armenian Uplands and are quite reliable
indicators for determining the degree of intensity.

Key words: intensity historical earthquakes, damage church buildings, seismogeological effects.

Introduction

Preserving heritage in the form of written historical data on large earthquakes is important for determining
the main parameters of strong earthquakes. However, it is necessary to have a special macroseismic scale for
assessing the intensity of historical earthquakes for this, based on the consequences of earthquakes recorded in
written evidence. Corentiy macroseismic scales use three groups of data of impact of an earthquake on objects
to estimate intensity: damage to structures, geological objects and people and household items. Unfortunately,
currently widely used scales do not include damage to historical monumental buildings depending on the inten-
sity of the historical earthquakes. Types of geological consequences, the so-called seismogeological effects,
strongly depend on local natural conditions (geology and geomorphology). The third group of impact-on
people and household items, is not so significant [2,3,7]. In this regard, written information about strong earth-
quakes in the Armenian Uplands for more than 2000 years is unique [4,9,10]. They are preserved in many
manuscripts of the Yerevan Matenadaran (research institute for ancient manuscripts).

Therefore, in order to use written historical evidence on the Armenian Uplands to determine the main
parameters of past earthquakes, it is first necessary to create a special macroseismic scale based on the
damage to historical buildings and the seismogeological effects [4,8]. Information about the historical
earthquakes of the Armenian Upland covers a period of time of more than 2000 years. Moreover, the
discovered written data are unique in that there are no long periods of their absence, which is very important
for studying the patterns of their distribution over time. But despite this, three obvious periods of time with
no or little evidence of earthquakes stand out: 550 BC-735 AD; 736-850; 13.20-15.30. For this is the
absence, non-preservation of historical information, or its non-detection. Thus, in order to supplement the
catalogues of historical earthquakes with new data, it is necessary to continue the search for new primary
sources both in manuscripts in Armenian and other languages. Important data can be found in the surviving
handwritten monastic journals [10].
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Historical evidence of earthquakes on the territory of Armenia contains different data on their conse-
quences. But for the purposes of this article, two groups are important: damage to church buildings and
seismic-geological effects.

The main goal of this article is to separate from the consequences of modern large earthquakes in
territory of Armenia those are described in the historical evidence of earthquakes in the Armenian Uplands
(damage to buildings and seismogeological effects) and which can be "indicators" of the of intensity level
assessment.

These consequences (effects) may be of basic importance for the creation of a special macroseismic
scale for assessing the intensity of historical earthquakes.

Damage to Armenian church buildings during modern (XX century) earthquakes

In result of inspection of 50 church buildings served the basis for compiling the table of most typical
damages of Armenian churches (Table 1) depending on the intensity of 1988 Spitak earthquake [7,9]. The
intensity in the church area was determined on the base 1:200,000 scale isoseismal map of the 1988 Spitak
earthquake, which was built on the damage degree of the stone 1-2-story, widespread, houses. Both the
technical condition of the Armenian churches and their constructive type, the engineering-geological and soil
conditions of the building area, etc., were studied in detail. Damage before the 1988 Spitak earthquake was
specially studied, that is, due to the 1926 Leninakan earthquake with an intensity of 8-9 points, based on
photographs, written data, descriptions of local residents and specialists, and a detailed study of cracks. The
change in the intensity of the Spitak earthquake was calculated depending on the local conditions [7].

It is known that most of the church buildings damaged by earthquakes are domed, and the damage or
collapse of the dome is very important information for assessing the intensity of the earthquake. Along with
this, we have studied church buildings without a dome, as well damage is also important for estimating the
intensity of earthquakes.

The table demonstrates that the numbers of observed same-type damage are rather stable. This enabled
determining the prevailing intensities (number of events more than 2) that could have caused the considered
type of damage in the church building and indicating the corresponding intensity value in the last column of
the Table 1.

Table 1. Most typical damages of the Armenian churches due to the 1988 Spitak earthquake.

Most typical damages of churches Number of events Prevailing intensity

Ne by EMS-98

Churches Churches
with domes | without domes

1 | Complete destruction 1 3 X
Strong destruction (more than 50 %);

2 Fall of the central dome 2 3 X=X
Partial destruction (less than 50 %);

3 | Strong damage (presence of 4 and more through 3 3 X
cracks on height of all walls).

4 | Some through cracks (2-3) on all height of church; 3 3 VIII-IX
Individual through crack on all height of church;

5 . 6 5 VIII
Through cracks in separate parts of church.
Presence of small cracks, VII-VIII

6 2 5
fall of separate stones.

7 | Absence of appreciable cracks 6 3 VII

Note: The intensities of 1988 Spitak earthquake in numbers on the territory of church is determined in the map
isoseismals [7] and ground conditions.
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Geological consequences of an earthquake (seismogeological effects)

To compile a list of probable seismogeological effects, depending on the seismic intensity for a certain
territory, the most reliable way is to study the effects of modern large earthquakes in a given territory.
Because the occurrence of seismogeological effects depends not only on the intensity of the earthquake, but
also on local geological and geomorphological conditions [1,3,4,5]. On the territory of Armenia in the 20th
century there were 4 earthquakes with an intensity of 7 or more unit: 1926 Leninakan (M=5.8, [=8-9, h=5 km),
1931 Zangezur (M=6 ,4, I=8-9, h=16 km), 1968 Zangezur (M=5.0, [=7-8, h=10 km) and 1988 Spitak (M= 7.0,
[=10, h=10 km). Unfortunately, detailed data on seismogeological effects are available only for the Spitak
earthquake. For the other three earthquakes the data is very scarce. Multilateral detailed field studies were
not carried out on the first two earthquakes, and the 1968 Zangezur earthquake was not strong [5,6]. Therefore,
in this article we are forced to rely on the geological consequences of the 1988 Spitak earthquake [7,10].

Table 2. The main seismogeological effects of the 1988 Spitak earthquake,
depending on the intensity points [10].

N Seismogeological effects Earthquake intensity
(quantitative datas are indicated in brackets) zone according to
EMS-98

{ Formation of a main fault on the earth surface (total length 37 km, vertical 10
amplitude up to 2 m and horizontal amplitude up to 1 m).
Formation or activation of large seismic-gravitational structures with the

5 movement of rock masses (weight 2-3 million tons, moving distance 100 m 10
along a slope of 20°. Depth of the ravine formed in the rear — 25 m, width a —
50 m, length — 350 m. The height of the front "wall" is 5-7 m.).

3 | Rockfalls (volume of stones rolling down from a height of up to 6-10 m®). 10

4 The formation of electrical sparks in the zone of a seismogenic fault, as a result 10
of which dry grass ignited (the width of the ignition zone is up to 10 m).

5 | Eruption of sandy pulp into the surface along cracks . 10

6 The formation of a pond due to the activation of landslides (pond dimensions 10
10x30 m, depth up to 2 m).

7 Fragmentation of the loose cover layer over seismogenic faults (width zones 9. 10
10-15 m). ’

8 | Soil liquefaction ("islands" with a radius of 5-10 m). 9,10

9 | Formation of small landslides, rockfalls, soil liquefaction. 9

10 | Activation of small landslides, numerous small rockfalls. 8,9
The appearance or disappearance of springs. "Boiling" of water in rivers.

11 | Disruption of the flow (water balance) of springs (up to 50%). Changes in 8,9
water level in wells (up to 60 cm).

12 Minor changes in the landscape (rockfalls, landslides, cracks, activation of g
small landslides, etc.).

13 | Virtually no noticeable geological consequences. 7

Note: 1. Intensity of the 1988 Spitak earthquake in the area of the church is determined based on the isoseismals
map and the seismic category of soils [7].
Conclusions

1. From written evidence of historical earthquakes in the Armenian Uplands, to compile a special macro-
seismic scale for assessing the intensity of historical earthquakes, two groups of modern earthquakes
consequences were selected: damage to buildings of Armenian churches and seismogeological effects.
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They are the most reliable indicators of the intensity of historical earthquakes assessment. To establish
relationships between the degree of intensity and different types of consequences (effects), it is proposed
to use statistical data on the consequences of modern earthquakes that have been studied in detail and in
many directions.

Characteristic damage to Armenian churches as a result of large modern earthquakes are fairly stable
indicators of the degree of intensity (Table 1), for the following reasons: the uniformity and seismic
resistance of church building structures (cross-domed plan of the central hall, three-layer stone walls
with lime mortar, the presence of anti-seismic structural elements, etc.), careful selection of the constru-
ction site, high quality construction, etc.

A compiled list of seismogeological effects depending on the degree of intensity of large earthquakes
(Table 2), which can be applied to other regions with a similar geological and geomorphological structure.
Most effects, especially in the 10 and 9 intensity zones, are reliable for determining intensity levels. For
zones with intensity up to 7 units, there are practically no noticeable geological consequences.

The developed approach and the specific results obtained can be useful in compiling special macroseismic
scales for assessing the intensity of historical earthquakes in other regions.
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Abstract. The features of the developed methodology for assessing the main components of the maximum seismic
risk of a large area. Risk assessment is carried out on the basis of data on seismic hazard, vulnerability of buil-
dings and structures, population size, as well as some secondary consequences of an earthquake. The methodo-
logy uses the current regulatory seismic hazard map, the zones of which are accepted as cells for risk assessment.
Using the developed methodology, risk maps of buildings, population and infrastructure were compiled.

1t is recommended that the leading place is given to statistical data on the consequences of large earthquakes and
the results of their analysis.

Key words: seismic hazard, vulnerability, risk.

Introduction

There are few methods for assessing the risk of a large territory, especially the territory of a state. In
practice, the seismic risk of a specific object (settlement area, critical structure, small urbanized area, etc.) is
more often assessed, for which numerous methods have been developed and used. For this purpose, the
territory of the facility is divided into cells, in most cases in the form of squares with a side of tens or
hundreds of meters, seismic scenarios are selected (earthquake, acceleration attenuation model), calculations
of the behavior of buildings and structures in the cells are carried out, and different types of losses are
assessed. When developing a methodology for assessing the risk of a large area, it is imperative to use the
principles and approaches of the developed methods for specific objects, especially for urban areas. In this
work, we widely used both well-known methods for assessing the risk of cities, and the methods we
developed for assessing the risk of the territory of cities in Armenia [1,2,5,6]. For certain purposes, for
example, to understand the level of risk of the territory of a state or its individual regions, an assessment of
the possible consequences in any area during expected earthquakes of maximum magnitude is required. The
need for a risk assessment taking into account the maximum seismic hazard of the entire territory according
to the regulatory map of general seismic zoning is also important. Such a seismic risk can be conventionally
called the maximum seismic risk of the territory. Each large territory has features of seismic hazard and
risk, which are important when developing the methodology. In our opinion, it is advisable to develop a
methodology for territories with complex hazard structures, where the development is represented by
seismically vulnerable buildings and structures. Taking this into account, we have chosen the territory of the
Republic of Armenia. The purpose of this work is to present the main features of the methodology we have
developed for assessing the maximum seismic risk. The methodology evaluates the following components:
buildings, population (human losses) and infrastructure. When developing the methodology, an important
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place was given to the reasons for the high vulnerability of buildings and structures, with which human
losses are closely associated. The reasons for the high vulnerability of buildings are numerous, of which the
most important are the following, which significantly affect the level of risk: a) underestimation of the level
of seismic hazard; b) poor quality of design and construction; c¢) the factor of “aging” and violation of the
rules of operation of buildings and structures; d) high level of urbanization. To ensure uniformity of hazard
values throughout the territory of Armenia, the acceleration values of seismic zones on the 2020 map were
converted to a point on the EMS-98 scale.

Main results and their discussion

Features of the developed methodology. The logical diagram of the developed methodology is as
follows: reasonable division of the territory into cells for risk assessment; assessment of the vulnerability of
the main types of buildings, taking into account factors influencing vulnerability and assessment of the
maximum risk of damage to buildings in each cell; assessment of human losses in populated areas of each
cell due to severe damage to buildings (degrees 4 and 5 according to EMS-98); generalization of the results
of damage to buildings and the number of probable victims by cell; risk assessment of the infrastructure of
the entire territory; mapping the main components of maximum risk for the entire territory.

According to this scheme and sequence, the main content of this article is presented.

Cells for seismic risk assessment. As cells for risk assessment, it is proposed to take seismic zones with
different levels of seismic hazard according to the current regulatory map of general seismic zoning (GSZ)
[2]. It is advisable to divide some Cells that occupy large territories into smaller parts based on its size,
homogeneity of data for risk assessment, etc. Such division of the territory of the Republic allows us to
reasonably take into account the modern seismic hazard and the design seismicity of existing buildings and
structures.

Seismic hazard of the cell territory. Practice shows that seismic hazard (level, size and location of
zones) changed over time, mostly grew. Unfortunately, buildings and structures were designed based on low
estimates. It is advisable to present the seismic hazard in terms of intensity according to the EMS-98 macro-
seismic scale. For example, the seismic hazard of the territory of Armenia in 1937 was estimated at 6-8 poin-
ts, and in 2017 — 8, 9 and 9 points or more [2]. As an example, Figure 1 shows compiled map of understa-
tement values (underestimation) seismic level dangers in relation to the 2017 hazard map of Armenia.

Figure 1. Regulatory seismic hazard map of the
territory of the Republic of Armenia for 2020 [2]
indicating the average value of “underestimation” of

the level of seismic intensity according to GSZ
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Seismic vulnerability of buildings. When assessing the vulnerability of buildings and structures located
in cells, along with data on their structural types, special attention must be paid to all the main reasons that
reduce their seismic vulnerability, outlined in the introduction. When assessing the seismic vulnerability of
transport lines and life support lines, the level of danger of both the entire territory and individual cells was
taken into account. It is difficult to assess the vulnerability of buildings and structures built with violations of
construction technology and the use of materials that do not meet standards. If poor design, careless
operation, etc. are added to these, the vulnerability assessment becomes even more difficult. Therefore, as a
real solution to the problem, we propose to provide statistical data on their damage due to strong earthquakes
as a basis for assessing the seismic vulnerability of different types of buildings and structures. For example,
for the territory of Armenia it is advisable to use data on the consequences of the 1988 Spitak earthquake,
which is considered one of the most comprehensive and detailed earthquakes in the world [1.5]. For this
purpose, the number of population and buildings, their number of storeys and structural type, the number of
1-3 storey buildings, the seismic vulnerability of all other buildings, etc. were taken into account.

Estimation of human losses. It is recommended to use the following estimated data to determine the
number of victims: a) in one destroyed apartment of an multiapartment building — 1.5 people during the day
and 3.0 people at night; b) in destroyed 1-3 storey stone houses — during the day 0.3% of the total number of
inhabitants of these houses, and at night — 1%. The number of seriously wounded who must be hospitalized
is proposed to be determined based on the number of victims. To do this, the number of victims is multiplied
by a factor of 1.5 [1.5]. For other buildings, presenting such data is difficult, because they require an
individual approach.

Seismic vulnerability assessment of infrastructure (transport highways and other life support lines) is
mainly damaged due to strong ground shaking and the activation of such geological phenomena as faults,
seismo-gravity formations (landslides, rockfalls, liquefaction and subsidence of the soil), etc. It is advisable
to assess the risk of infrastructure throughout the entire territory and, if possible, by cell. For this purpose, it
is better to compare infrastructure maps with maps of standard seismic hazard and hazardous geological
phenomena [3,4,5]. The impact on the infrastructure of seismic-gravity formations and surface faults is
especially significant (Figure 2). When developing a methodology for assessing the maximum risk of the
territory of Armenia, much attention was paid to the following infrastructure lines: railways and highways,
high pressure gas supply lines, water supply lines, high voltage power supply lines, telecommunication lines
(telephone trunk lines, fiber optic cables for the Internet). When assessing their vulnerability, it is more
effective to use statistical data on the geotechnical consequences of strong earthquakes, preferably in a given
area. According to statistical data, earthquakes are more often infrastructure lines receive noticeable damage
at an intensity starting from 8 units, and dangerous geological phenomena appear and cause serious damage
to tenches mainly at an intensity 9 points or more [1].

Table 3. Estimated data on damage to the infrastructure of Armenia with an earthquake intensity of 8-10 points,
obtained on the basis of a generalization of geotechnical data on the Spitak earthquake of 1988 [1,5].

Damage level at
N Life support lines earthquake intensity
8 points 9 points 10 points
1. Water supply weak average strong
2. High voltage lines power supply weak average strong
3. Pipelines gas supply high pressure weak strong strong
4. Cable lines telecommunications weak strong strong
5. Railway weak weak average
6. Roads weak weak average
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Maps of the main components of maximum seismic risk

As an example, below is a map of the maximum seismic risk of residential buildings, population and

infrastructure territory of Armenia (Figures 2,3,4).

Table 4. Some basic data on cells and seismic risk assessment results (fragment).

Risk assessment cells Population by Number of residential |Approxi |[The number |Percentage of Number of casualties
Number |Plo  |Seismic  |Underes data for buildings cities (2015) |mate of seriously |damaged in cells ( day /night)
onthe ([spa- |level timation (2015) mumber damaged is buildings/
map ring |chemical |is If Raft of ) many apartments
(Fig.1) |(1000|danger tee |dangero |quality [number, — r'esluti)er'll- var from the total L —
k m?) |according |us you ¢ty |people/ Many Re.Sld.thlal tial butl- shooting number Victims chtlms Total count
. . Apartment |buildings |dings ; he city [In casualties and
t02020  |in 1957- |who in |km? - ) range quality tot y ("
standards. {1989 (in |t By cells building |and _ lr? buildings duh villages perclentage of
(in points) |points) populati /apartments |mansions —villages, and/apartmen tota )
Oh) on (13fl001) | 2015) |5 of citics population
nia
1-1 32 |8 1 50000 |short 562 /12664 (8101 18000 [51/ 1850 9.1% 2775/ 360 / 3135/ 5550
/14.6% 5550 720 6.3%/11.1 %
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Figure 2. Map of the maximum seismic risk of residential
buildings on the territory of Armenia. The risk level is de-
termined based on the percentage of severely damaged
apartments (4 and 5 degrees) of their total number: [ —
Below average (number of severely damaged apartments
up to 10%),; 2 — Average average (7-15%), 3 — High (more
than 16%),; 4 — There is no ris; 5 —Intense risk (in UNIS-
DR terminology, high risk associated with exposure to large
crowds of people and areas, which can lead to disasters).

Figure 3. Map of the maximum seismic risk of the popula-
tion (human losses) of the territory of Armenia. Risk level:
1 — Below average (irretrievable losses at night up to
15%), 2 — Average (16-20%), 3 — High (more than 20%),
4 — There was no risk; 5 — Intense risk.




Figure 4. Map of the maximum seismic risk of the
infrastructure of the territory of Armenia. Risk zones: 1 —
Low (with a seismic intensity of 8 units-0.3g, with virtually
no Seismo-gravity formations /ISGF/); 2 — Below average
(8 units and with widespread SGF); 3 — Medium (9 units-
0.40g, without widespread SGF); 4 — Above average (9
units and with wide distribution of SGF); 5 — High (9-10
units-0.4-0.5g and without widespread SGF); 6 — Highest
(9-10 points and with widespread SGF).

Conclusions

1.

The main features of the developed methodology for assessing the maximum seismic risk of a large
territory are presented, which is based on data on seismic hazard in the form of a regulatory map of seis-
mic zones, the vulnerability of buildings and infrastructure lines, the number, distribution and vulnerabi-
lity of the population in populated areas. For this purpose, the territory is divided into cells correspon-
ding to seismic zones (or their individual fragments) of the standard probabilistic map of general seismic
zoning.

To quantify the main components of risk, assessment data on the vulnerability of buildings, infrastru-
cture and the population are proposed, obtained mainly as a result of the analysis of statistical data on
the consequences of devastating earthquakes in the world, especially the Spitak earthquake of 1988. It is
important that these assessment data take into account a number of local conditions (geological, seismic,
development features, structural types and seismic vulnerability of buildings and structures,
vulnerability of the population, etc.), which allows for a more reliable risk assessment.

As a result of testing (application) of the developed methodology, maps of the three main components of
the maximum seismic risk in Armenia were compiled as an example: buildings, population and infras-
tructure.
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REGULARITY OF PERIODS OF TECTONOMAGNETIC PRECURSORS
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Abstract. The variability of the periods of earthquake precursors, which manifest themselves during the develop-
ment of the source, has been studied. It was found that with the increase in the next number of the precursor, there
is a natural increase in the period of the precursor, which can be used to determine the date of the earthquake.

Key words: earthquake, source, tectonomagnetic field, precursor periods.

Using the formulas obtained in [1], it is always possible to determine the values of magnitude and hypo-
central distance if we have the values of the parameters of the tectonomagnetic precursor of a given source
being formed. But it is impossible to determine the date of an earthquake unless you have a history of the
formation of the source.

The date can only be determined based on data from the harbingers of the outbreak, which appear from
time to time. Since it is assumed that the duration of periods of precursors depends on the frequency of
occurrence of precursors, there is a need to study the duration of periods from the first to the last precursor.
This assumption is based on the following reasoning. With increasing deformation and elastic stresses inside
the fault, a process of increasing density develops, with which the friction force increases, which complicates
sliding between neighboring tectonic blocks. An interfering factor for free sliding is the hooking of rough
near-vertical surfaces of tectonic plates. As a result, catch zones are formed — future earthquake hypocenters.
Further increase in deformation and tectonic stress will lead to fragmentation within the fault. Earthquakes
with small magnitudes occur. This process is repeated on larger protrusions located on the near-vertical
surfaces of the blocks and continues until the moment of the main shock. The time it takes to overcome
obstacles, of course, increases, as the areas of sliding surfaces increase. The response of this process should
be observed on curves constructed from the values of the periods of tectonomagnetic precursors.
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Fig. 1. A bunch of values of the rate of change of the tectonomagnetic field. For clarity purposes, the graph is
plotted using modular speed values. (Geomagnetic station “Saragyugh”).
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To verify and confirm the above, the periods and durations of fluctuations of the precursors were
studied, which repeat each other in composition and behavior of variability. Precursors of an earthquake with
M=4.9, 02/13/2021. over the period of time 07/21/2019 — 02/12/2021 appeared 44 times, the response of
which is observed in the form of separate beams with increased amplitudes of the rates of change. Against
the background of speed variations, they differ not only in maximum values, but also in periods. (Fig. 1)
shows the twenty-ninth precursor of the noted earthquake, discovered on January 14, 2021. This beam, or
precursor, is observed in the time interval 1250-1850. Against the background of variations of £0.5 nT, five
amplitudes stand out with their increased values, namely (1300, 1430, 1455, 1510 and 1600). Statistics and
experience allow us to make the statement that they are the tectonomagnetic effect of various emerging
earthquake sources, which during the period (1250-1850) are in active dynamics.

It should also be noted that in Fig. 1 all the point values are the tectonomagnetic effect of a certain
emerging source.

Studies have shown that the beam of one precursor includes many tectonomagnetic waves with different
amplitudes, which arise and end during the entire period of existence of the tectonomagnetic precursor. To
construct time graphs of tectonomagnetic waves, data from beams of all precursors (44 precursors) of the
earthquake with M=4.9, 02/13/2021 were used (Fig. 2).

3000

i () in sec. i P | in sec. P2 in sec.

Fig. 2. Time graphs of tectonomagnetic waves in the compositions of earthquake precursors with M=4.9,
02/13/2021. The vertical axis is time in minutes, and the horizontal axis is the numbers of precursors.
According to the Saragyugh geomagnetic station.

The curves are plotted based on the maximum VT values. The first curve (lower-Po) has a maximum
value of VT=2nT; the second (P1) is 4nT, the third (P2) is 6nT and the fourth (P3) is 8nT.

As can be seen from Fig. 1, the values of the periods of different oscillations change proportionally, and
a certain direct correlation is observed between the curves, which can be explained by a common source of
influence. It is assumed that the common source for all vibrations is the regional stress-strain state. It can
also be seen that as the number of the precursor increases, or as the date of the earthquake approaches, the
values of the periods increase. The intensity in the form of increased amplitudes is increased at the initial
stage, in the middle and at the end of the precursor. Linear correlation shows that there is a general increase,
which increases with increasing period values. This is clearly expressed in the curves (P3), which are distin-
guished by high values of the periods included in the beam.

To estimate the parameters of the resulting earthquake sources, it is necessary to monitor the develop-
ment of the source formation, during which certain parameters of the source can change within the accep-
table error.
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Thus, summarizing the presented material, we can say that:

1. The first step to detect the precursors of any emerging source is to find and isolate data bundles from the
general background of variations in the data on changes in tectonomagnetic field velocities.

2. Estimation of amplitude values included in the beam.

3. Using the well-known formula M=2.7964*LnVT -1.2367 [1], calculate the magnitude of the resulting
source of the expected earthquake. This calculation is carried out for all detected beams.

4. In the Po interval (for example, in Fig. 1 the interval 1250-1850 is taken) we determine the average
value of VT, which is the local component of the tectonomagnetic field created by the source.

5. Using the formula Ro=33.4*M/TELav [1], the hypocentral distance from the observation point is
calculated.

6. Time graphs are constructed following the example in Fig. 2.

7. After the appearance of the last minimum (in Fig. 2 this is the 40th point), it is necessary to monitor
variations in the rates of change in the tectonomagnetic field, the values of which tend to zero. This is
where you should expect an earthquake.
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Abstract. The Lesser Caucasus double wedge orogen accommodates the crustal shortening due to the far-field
effects of the collision between the Arabian and Eurasian plates [1-4]. Subsequent convergence of the Arabian and
Eurasian plates during the late Alpine time caused extensive intracontinental deformation in the Lesser Caucasus.
The sedimentary cover of the LC retro-wedge is commonly > 7 km thick. It is predominantly composed of shallow
and deep marine rocks and is divided by pre- and syn-orogenic sequences [5]. Pre-orogenic sequences consist of
Paleozoic and Jurassic- late Eocene shallow and deep marine rocks strata. The Paleozoic rocks of the Khrami
massif are made up mainly of late Paleozoic (Variscan) granites and early Paleozoic gneisses, diorites, and tonalites
[6]. The low-temperature thermochronologic evolution of the Achara-Trialeti back-arc basin during the Neogene
refers to Miocene cooling [3, 4]. Here we show a new tectonic model for the Georgian part of the Lesser Caucasus
orogen by integrating field observations and interpreted seismic data. The seismic profile reveals the presence of the
Khrami basement thrust sheet, crustal-scale duplex, fault-related folds, triangle zones, passive-roof duplex, and
passive-roof and passive back thrusts. Dominant structural styles of the compressional structures are related to
multiple detachments. The structural inversion is complicated by the interaction between several detachments from
the mid-crustal detachment to the upper-most detachment along the late Eocene shales. According to the seismic
profile, the crustal-scale duplex was recognized under the basement thrust-sheet which propagates northward along
the early Jurassic shale layers. Triangle zones are interpreted as simple and multiple fault-bend fold wedges models
and are a good example of ramp-dominated triangle zones. Pliocene-Quaternary lava flows are involved in the
compressional deformation and are related to an out-of-thrust sequence of the Khrami basement thrust- sheet.

Keywords: Lesser Caucasus, Seismic profile, Basement thrust-sheet, Crustal-scale duplex
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33dMWM30IM0 HO3I3NL 303WI6S BIGEMINL 3C3HGIOMOdBI

* ¥ 36m330dg 3., **Rbnzzadg 3., *angndgMmas 3., *memmb@n b.
*05069 xogobodzocmob bobgenmdol oxdaemabol bobgmdbogm wmboggmbodgénb
dob goem 6moosl bobgemnmdol ggme0dozob 0bbBoddo.

**bogommggemmb oam s memn mbogagmbodgdo.

3bmGo30s. bBoBnodn gobobommgds zenmzgeb J3653d0 ofbgdmemn Do gdab (bo3@scengdob) gogergbs xgf-
©m30b dogmommdol 3mgxn0309680b 60d369mmB50g ,88 3356 0-35b0"b g mgmon boddgbgdmmm mdbab Jo-
30mo;dy. Gomgdmemos gd3oMmomemo sdm owgdmemgds 3domal boemmdgbs s dogmemmdalb 3mge0309680b
3er0mgdsl dmmol bbgoslbbgs 068 gbbogmdal Gobold3m 980l dgdmbgg35d0.

bog396dm bngyzgdo: 08 35Mm0-39b0", 3Don, dnbalbdz6 gdn.

ddg696mmdol gobMmamo dmmbmgbomgdgdol dgbodsdabo go65396056930L GgMa@GmMaol smgo-
Lds d0dE0baMgmdL YHMYmgbo ggmmmany®o gomgdmb 3ommdgddo, Maobog dgbadmms cmsb sbemeagl
bodndo ggmmmanm®o 3GM39L90L 3obgomsmMgds. gobbsgnmmgdom 360d36gmmgabos MmEabsz Laddg-
bgdemm mdngd@o 3ob6mogbgdymoas bgobdyGow s4@oym sbom, dgnbbagmam ggmmmann® Mm3q35dg.
3EM360 BaMEmdolb damemdal 3mgBn3096@0L (33momgdal dgbbsogms gobbms0gmes 8@ 33560-
39L0"-b 3dgbgdmmdolb gMmgHo Mdbdyg, 39Mdme, sbamobol dnbazndsmndg@al, bme. Laynbgmdo,
3. 38335y, LogMngszom 3306830l 3gbol dgbmdobmab dggMmmgdol saamosls, bawsz gomgamab-
Babgdmmos Losbbgm Bombogbgdal dmbymds (L. 1).

Ly, 1. by 3zmggo mdagd@ab LagMom bgwo.

Lo0bgabAHM-ggmemaan®o mgsmbsdHoboo [1], ,3@33960-3gbob” Lsddgbgdemm G gMoGmMnal s3ag-
b0 3fbBgdo ngmgs mE gmobow: bab@o bGMNIGYOYma 393306950L IJmbg aGMbEgdol 3mmaboa, oby
M350 gGMb@qdol 3mabo s aMb@gdal gmobn, MmIgmmsg o6 goshboso bob@o LGN JEnH-
mo 353306gd0, b9 sMs3mEm3zsbo aMb@gda. ggmmmany@o 339dmmgdal Mobobdow, domsebadmgdg-
mo MgbgMgnemol s 3gb-0b dgbmdal gobmoggdol ¢dsobo sa9dgmoas dgs gm3gbolb dus bygdals (P922b)
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3EmM3sbn s BobgzMommmgsbo g@mnb@gdoom. smbndbymoa bygdol doGomo dobalb Bomdmawaqbls
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Loggomn a@mMb@gdal Lobdg BoMEmMddg JgMmygmdl Medwgbndg b3-sb 2.5-3.0 3-8y, bmmm BgHLMdoL
dofdo, 3nbomals Lobsdommb gobbgmng, dnMmmazalb 3mbs(3935d0m — 9.0 3-b 5bgglL. Liy@. 2-bg bohzgby-
305 bosbbgm Jomol 3obmsgLgdol sgdo sbMamo MM0gb@s (300l dbsfn dofomaw Jobgddo.

Ly, 2. sbMama 3360 doMomse Js63o bossbbgm damab 336ma3bgdal LodM§ygdo.

s@bgdgmo dDomal gogM39mgdal bLom@mdnlb dgxsbgdol s a6 gdal ©0bsdngymn dobsboscmygd-
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EFFECT OF GEOLOGICAL FAULTING ON SLOPE STABILITY

Arabidze V., Chkhikvadze K., Gigiberia M., Ghlonti N.

Abstract. The article discusses the effect of cracks in bedrock on the value of the slope stability coefficient. On the
example of one of the construction sites of “Mtkvari-Hesi”, an empirical relationship between the crack depth and the

change of the stability coefficient during earthquakes of different intensities is obtained.

Keywords: “Mtkvari-Hesi”, crack, earthquakes.
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SMALL INTRUSIONS AND DIKES ASSOCIATED WITH ORE
FORMATION (ALMALYK-ANGREN MINING DISTRICT)

Karimova F.B., Dzhumaniyazov D.I.

H.M. Abdullayev Institute of Geology and Geophysics, Tashkent, Uzbekistan

Abstract. The thesis provides generalized brief materials for the study of small intrusions, about their role in ore
formation. Their formations, their independence and others are given. The metallogenic specificity of this area is
also given. New factual materials of our research.

Keywords: independent small intrusions, dike belts, pluto, gabbro-diorite, essexite, syenodiorite (quartz monzonite),
granodiorite, dolerite, gabbro, diabase, granite porphyry.

The category of “independent small intrusions” in the Middle Tien Shan includes intrusions following
orogenic plutons. The time of their manifestation in the geotectonic development of the region was highly-
ghted by H.M. Abdullaev [1] as a stage of small porphyry intrusions. The solution of the issues of the rela-
tionship of small intrusions, dike belts and metal concentrations with the deep structure of the lithosphere is
currently one of the most urgent. Several special works have been devoted to small intrusions and dyke for-
mations of the Chatkalo-Kuramin region (O.P. Gorkova, V.I. Eisenstat, J. Matchanov, E.V. Poyarkova,
V.Ya. Klipenstein, G.T. Tajibaev). As a result, general information was obtained on the geology and preva-
lence, petrographic and partially chemical composition of certain types of rocks of small intrusions of Alma-
lyk, the right bank of the Angren River and dikes of the northern and southern slopes of the Kuramin ridge.

Based on the generalization of literary data, personal research materials and formation analysis,
[LH. Khamrabaev and co-authors proposed a number of criteria for the identification of small intrusions. The
most important of them are: confined to the late stages of the development of folded zones and activation
stages; autonomy from large granitoid intrusions and volcanic manifestations; homodromity, increased
alkalinity, mottled but related material composition, fine-grained, often porphyry rock structure, predominant
rare metal and copper-polymetallic specialization. The correspondence of small intrusions to two series of
formations was determined: early — gabbro-diorite (essexite)-syenodiorite (quartz monzonite)-granodiorite-
granite (P,-P,) and late — dolerite-gabbro-diabase-granite-porphyry (P,-T)). They are mainly confined to the
regional Kyzylkum-Kuramin and Baisun volcanic belts. Within the Chatkalo-Kuramin region, the small
intrusions include the Chorukh-Dayron interformational laccolith with an outlet area of 25 km* (305-270
million years), the Babayob lolite — 50 km” (273 million years), a number of other small bodies and dike belts.
The rocks of the Chorukh-Dayron intrusive are combined into the monzonite-granodiorite-granite formation,
and the Babayob formation into the gabbro-monzonite-syenite formation. Previously, these massifs were
included in the Permian gabbro-syenite formation of postrogenic independent small intrusions, completing
the subsequent magmatism of the Middle Tien Shan. By the beginning of it, that is, Permian volcanites (rhyo-
lites, trachyriolites, granophyres) and comagmatic to them, the so-called interstitial leucogranites, alaskites
of the Shaidan and Arashan complexes, were also attributed to the formations preceding small intrusions.

H.M. Abdullaev [1], J. Matchanov [5] and others proposed to call small dike intrusions plutonic dikes.
They are characterized by the formation of folded regions in the final stages of development; multiphase and
phase affinity; small body sizes or more often their dyke shape; hypabyssal appearance, porphyry structure
of rocks, their formation from a multiphase melt (crystal + liquid); predominantly acidic composition of
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rocks, i.e. relative saturation with silica and alkalis; frequent association with previous effusions and younger
dikes of the main composition; mainly the paragenetic connection of gold and polymetallic mineralization
with them.

V.A. Zharikov, V.L. Rusinov [6] small intrusions of granodiorite porphyries of the skarnovo-polyme-
tallic and gold-silver deposits of the Kuramin Mountains were considered a vein series of hidden granitoid
plutons. The independence of dikes of diorite porphyrites, granodiorite porphyries and adamellite porphyries
and the paragenetic relationship with them of polymetallic deposits of the Almalyk ore region is shown by
special studies by J. Matchanova [5]. Simple and complex dikes of Permian age, composed of diabases, dole-
rites, diorite porphyrites, syenite porphyries, quartz syenite porphyries, rhyolite porphyries, are combined
into the Chilten series or a complex of dykes of the "Kyzylnurinsky type" and belong to independent porp-
hyry small intrusions of the gabbro-syenite series. The Chorukh-Dayronsky, Babayobsky, Shavazsky,
Kassansky belts (arcs) of the development of these dikes are distinguished. In the southwestern spurs of the
Chatkal ridge (right bank of the Angren River) they are developed only in the form of separate dikes of the
north-eastern, west-north-western and latitudinal directions. The metallogenic specificity of this area (gold,
uranium, copper, lead, zinc, tin, lithium, fluorite) is close to that of the Karamazar and Mogoltau mountains,
where petrotypes of ore-bearing small intrusions are located. Therefore, the assumed dyke form of expre-
ssion of small intrusions does not exclude a possible genetic connection of mineralization with them. Pre-
vious studies have made it possible to carry out the first genetic classifications of small intrusions and dikes
[1], to suggest their possible connection with large plutons, volcanic eruptions and ore manifestations. This
limited our knowledge of small intrusions and dikes. The conditions for the generation of foci of their melts,
the mechanism of penetration (penetration) and penetration into the upper layers of the Earth's crust, the
place of small intrusions and dikes in the general process of petrogenesis and metallogeny, in the evolution
of magmatism and the development of the Earth's crust remain unknown.

The increased copper content in small intrusions of the Almalyk mining district is highlighted as a special
feature of their metallogeny. The high ore saturation of this area may be related to its position at the
intersection of deep-seated tectonic structures [7].

Studies of the deposits of the Almalyk ore region (Sarychek, Kalmakir, Yeshlik, etc.) have shown the
commonality of their geological structure, tectonics, magmatism, material composition and the genesis of
industrial mineralization. The ores of the Kalmakyr, Yeshlik, Karabulak deposits, Northwestern interspersed,
veined and vein-type Balykles contain Si (0.4%), Mo (0.005%), Au (0.59 g/t), Ag (2.6 g/t), which are con-
centrated in chalcopyrites, molybdenum, pyrites. Almalyk deposits are supergiant and unique in terms of
Treserves.

Along with iron, copper, and molybdenum, the Kalmakyr, Sarychek, and Yeshlik deposits contain a va-
luable complex of elements — gold, silver, rhenium, selenium, tellurium, bismuth, indium, cadmium, cobalt,
antimony, palladium, platinum, as well as lead and zinc (Table 1).

Table 1. The ratio of impurity elements in rocks of copper-porphyry deposits of the Almalyk ore region to
clarks in the Earth's crust (Cc)

Ne Element Sarychek Kalmakyr Yeshlik
1 | copper 1,9-62,3 15,7-85,1 2,1-8,5
2 | molybdenum 1,9-44,9 11,8-79,1 1,9-7,3
3 | tungsten 1,6-5,8 2,3-26,9 1,6-4,5
4 | tin 1o 2,3 1,6-6,8 1,9
5 | lead 1,5-9,3 1,6-9,4 1,8-2,3
6 | rhenium 14,3 7,1-457,1 14,3-20,0
7 | ytterbium 2,3-8,4 1,6-3,9 2,5-10,9
8 | gold 11,6 17,2-311,7 2,2-46,2
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9 | silver 6,0-35,9 8,6-85,7 3,7-91,4
10 | arsenic 5,3-57,9 1,8-18,8 m0 47,0 2,4-15.9
11 | antimony 1,7-6,1 1,8-15,0 2,0-20,0
12 | bismuth 20,1-465,6 31,1-211,1 17,3-189
13 | selenium 10 38,0-280,0 4,0-56,0
14 | tellurium 300 300 300
15 | platinum 10 5 10

16 | boron 2-3 2-4 1,9-3,9
17 | phosphorus at clark's level at clark's level 1,3-2,7
18 | barium 1,6-6,7 - -

19 | chromium - 1,5-3,1 -

Note. Compiled according to the results of 65 analyses on the ISP-MS 7500 Series Angilent Techno-
logies mass spectrometer (Japan). According to Sarychek — 25 samples, Kalmakyr — 29 samples, Eshlik (Far)
— 11 samples.

Most of these elements, along with copper and molybdenum, are oreogenic and are the main ones in the
gold and silver deposits of the Almalyk-Angren metallogenic zone. The formation of Au, Ag, Te, Se, As, and
U ores is associated with the most recent lamprophyre dikes [3] widely represented in the Kyzylalma and
Kochbulak deposits.

Their formation is associated with small intrusions of diorites and mainly monzodiorites and
monzonites. There is a possible connection between the mineralization of gold, silver and platinoids with
plutonic dyke formations [3]. These manifestations of multi-temporal and heterogeneous ore-magmatic
systems within the Chatkalo-Kuramin hotspot are explained by the authors of the spatial combination of ores
of copper, rare, precious metals and the formation of the so-called "Big Almalyk" [4].
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Abstract. Georgia, as a country with many mountainous regions, is characterized by natural disasters. This means
that our country always experiences one or another catastrophic processes locally. Against the background of
climatic warming, the increase of water level in rivers and the melting of glaciers, accompanied by water falls
and mudslides, became more active. These events took place both in the past and now in Georgia. Therefore, we
need to know how to manage them, both from state structures, as well as through scientific research and state
defense systems. It is important to note the role of topographic maps in managing such natural events. Its example
is the Buba glacier and the Devdorak glacier, where a military contingent was involved in the final management
and emergency rescue operations were carried out. This is doubly important during the current research in order
to timely eliminate the negative consequences of the current disaster.

Key words: Landfill floods, breakthrough, glacier, mudflow

Introduction

Georgia, as a country with many mountainous regions, is characterized by natural disasters. In fact,
except for volcanism, all events are recorded by us. This means that our country always experiences one or
another catastrophic processes locally. Earthquakes, landslides, glacial actions, avalanches and floods are
noteworthy. Against the background of climate warming, melting of glaciers has become more active,
accompanied by flood and Mudflow. Also, one of the types of natural events is the catastrophic floods
formed during the eruption of the flooded lakes caused by the encroachment of the river valleys. As a result,
the entire perimeter of the river valley is flooded with water. During these years, they had many places in
Georgia. Casualties and losses caused by them are also frequent. A classic example of this is August 2023,
Racha, Shovi resort. When the glacial water mass on the Buba River completely covered its valley. Unfor-
tunately, 33 people lost their lives in this disaster. This information is given in the work of S. Gorgijanidze:
,»The Geography of Risks of Breakthrough of Glacial Lakes and Valleys* [1,2]

On the basis of the field studies carried out in the valley, it was established that west of Buba glacier,
there was a collapse of the rock mass, which collided with the glacier, caused the collapse of a certain part of
it, which may have caused the activation of the water beaten up under the glacier and the water fall. In itself,
this was preceded by the melting of the glaciers, which is taking place in all those areas where there is an
intensity of global climatic warming. The raging flood covered the territory of the Shovi resort. destroyed the
houses and infrastructure there. It became necessary to search and evacuate the tourists and the population
living there. The State Rescue Service and the local population were actively involved in the search and
rescue service. These works covered several stages. First, the study of the area through topographical maps,
on which the search and rescue work was to be carried out. The second phase was the investigation and
extent of the natural phenomenon in the Shove resort, and the third phase was the final search with the
involvement of several services [3,4,5].
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Results

It should be noted that for the first time the distribution of the area was investigated by means of a
topographical map of 1: 50,000 places. The glacier was explored. from which it was found that the glacier
has shrunk. Then again, by means of a topographical map, on which all the objects and places are marked in
detail, the area of the mudflow spread itself was studied (Fig. 1).

Fig. 1. River Buba basin, Buba glacier, the research and exploration area is bounded by a red line
(map author T. Gorgodze)

Here it is necessary to mention that the ongoing works were so difficult and large-scale that the State
Rescue Service was assisted in the search and rescue process by the military units of the Ministry of Defense.
The soldiers, again based on topographical mapping and their modern equipment, continued the initial
actions that helped the region to resolve the disaster mitigation measures. Unfortunately, the search for
people was going on for almost a month and a half. Finally, the bodies of 33 people were found. On the first
day, more than 200 people were evacuated with proper actions and cartographic planning (Fig. 2).

04 August 2023

Fig. 2. Georgia, Racha, Shovi in 2022 and 2023 before and after the disaster
(2022 photo G. Jincharadze, 2023 photo National Environment Agency).
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Maps are very important during and after a disaster. This is just one example when soldiers were deplo-
yed in strategic areas of the country, mapping the area and eliminating negative consequences. The same
thing happened in 2017 during the Devdorak glacier tragedy. After that, the state installed an early warning
system in that area, which will prevent the impending disaster.

For this, it is necessary to process various topographical and schematic maps. As well as the processing
of aerial photo material, the definition of clear modeling for the mitigation of natural events in their active
zones [6].

At the first stage, it is important to study the terrain map of this or that region, then the synoptic map,
which should be accompanied by multi-year data according to climatic conditions. A hydrographic and topo-
graphic map of population settlement is necessary. Here we should mention the familiarization of various
geo-information maps, which give us the answer to which natural event is widespread where [7].

Conclusions

All this will help us to manage the natural event both before and after it. Therefore, using different maps
over the years and refining them is a necessary condition in mitigating any event. As for the involvement of
the military units of the Ministry of Defense using their topographic map, it is very important for our
country, because they help the population and rescue teams in all places and situations, which makes their
defense activities very valuable.
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RESULTS OF THE STUDY OF THE MORPHOLOGY AND EXPOSURE OF GLACIERS
IN THE R. RIONI BASIN ON SATELLITE REMOTE SENSING

Shengelia L., Kordzakhia G., Tvauri G., Guliashvili G., Dzadzamia M.

Abstract. The article presents the study results of the modern morphology conditions and exposure of the glaciers from
the r. Rioni basin (Georgia). These characteristics are researched according to the high-resolution satellite data of

2010, 2015, and 2020. The modern method for determining glacier exposure is described. These data are compared
with the data of the former Soviet Union catalogue. Relevant conclusions are presented.

Keywords: climate change, glaciers, morphology, exposure, Rioni basin, satellite remote sensing.
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L39O BoMRoGdY IMEGYIom. 39MEMbrdal ©sBsgMgds o oMEBYdgda LEMMmEgdmes Z-Z
MM096@0Mgdom, 30dmaygbgdmes 5 Bg@mEomasbo @sMmEYdgdal Lobgds (megda, d¢sdn, dmemmdo @
M0 g5@obomn oM@ Y3ds).

Gommgdol Mga0b@Mmaz0s bmMz0gmegdmos GEOMETRICS got3dol 24 s@bosbo bonbgobém Lgab-
3o boaycno.

3mbo(398980L edMdoggds s 0bBgMm3Mg@o30s gobbmMs0gmos GEOMETRICS 30630L 3Mmgmo-
3oL SeisImager 353mygbgdao.

3939905 domgdeo Imbs(39dgdal sbamabdo s s0gm dgbadsdabo gMHamada (bob.2-3).

33e930b 39093980
Lo ggmgs Mdsbdg BoGoMms LgobdyMa 3MmgomamMgds goMEsGgbomo Gommgdal dgommmom, sngm
dgbodsdnbo Lgabdmggmmmaon@o Momgdo, asbobsdmgms ©Mgzo0 aMdogn Gommgdol gogm(3gmg-
30l boRdaggda. bsdmmaddo bomdmeagbamos 115 3 bogMdab 2 Lgobdyma 3Mmaomalb gMoma, Logom
bogMdoom 2308 (bob.1). sbgzg. gomms Lohdsmggdabs, Lyobdym 3MmMEamgddy Mmommgnmo ggbobsmzgal
356badOgMYmo 0dbs Lodyz3zMngggda. domgdymo bgabdnGo gHomagdo sbobymoas bab. 2-3-Bg.
00096805035(305 39bbmE(309m@s sMbLgdyma ggmmmaono s Fz9bL dogH Im3mzgdyma gagmezo-
Boggmo dmba(393gd0b Logydzgmdyg. agmgzabognco 3mbs3989d0b dobgmgnom mMogg dMmagombdy go-
3m3m0brs gabognMo mz0bgdgdom gMmdsbgmabgsb gobbgseggdmma badn doMomsn ggbo:
#9601 — 35bymmzsb9dmmo mabbamo s boswagnl g3g6o;
39602 — Byomaax g gdgmo mobs s mabbsmn mm&mmab Rsbsmmgdaom;
339603 — sMz30momngdabs s J30d543980L dmGoggmds.
LgobAnE® gMomgddy gomes gMdogo Gommgdob LofdoMmggdabs, sbggg gobobadmazMs dgbodsdabo
L3 336M030b 3603369mMdgda, MMBmgda(z 3960LadM3MS goMEbyHNlL (36mdamo gm@mImmoao:

p = 0322102 (3m/L8’) (1)

LgobLAYEn gGnmgdo BoMdmeagbomons gobsdnsmmgdymo Momab boboo. sbgor gMombdg 9539984~
o dgndmgds Dgdmo smbgfMamo 96930l godygmezn LodmgMmgdal godmgmabs.

obg3g mommgnm asbodnemmgdnm 3MmGamb ™Mb gMmgal dgbodsdabo Ld3zMngg9dalb (3bGomo
boRJoggdmab gFmac.

3Mmgneo Nel

Jobgdabs ©s Jgbadadobo Lodmsmm boRdsggdol asgMmzgmgds agmzndogn®a Imbs3gdgdals do-
bgzom dgdmggos:

30639mo dgosdnmmmo ggbal 30 (39mmgds bgosdamowsb 1-1.5 3 bow@3gdrg Mgzewn gfmdngn
&om@gdol Lohdomal Ladysemm 3b0dgbgmmdom 1, = 330 8/(0, . LodjzMogol badysmm 360d3bgmmdoom
p =137 36/L3".
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3L Imbogsb 69602, HmMImab boddmsogmgs 4-93, Mg om0 aMdogn Gommgdolb LoRdsmal Ladmsemm
360dgbgmmdom ¥, = 1797 8/§0, bod336M030L Lodryserem 860d36gmdom p = 2.1 a6/b8’.

d9309a 3M(390s Bg603 — doMomsowo gobo, Hm3gmag Rzgbl ngM sn3zz0c39ds 44 3 Loe™dga-
©9, ©Mg3o0 amdogo Gommgdal Lofdsmal Lodysmmm 360d3bgmmdom 1, = 3078 8/(0, LodzzMogal
Lodmomm 360d36gmmdom p = 2.4 36/b83.
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65b.2. byob3yMo gMmama Nel.

sbGomal. pMg3s500 §ommgdab LohJs6ggdabs s L3 33Mngz9930b bGama gGHaema #1-bsmgab.

53960l Ne V 3/63 p 36/[)33
1 330 1.37
2 1797 2.10
3 3078 2.40

3Mmgnemo Ne2

J9693abs o dgbadadnbo badysmm LoRdsMggdol g3 (39mads 3gmzndogneo 3mbs(393580L dobgo-
300 dgdmga0ns:

30M39mo bgedommo ggba 1 3M(39mads dgosd0Mnesb 2-33 Lom®m3dgdey Mggomn afMdogn
&om@gdol Lohdomal Ladysmm 860dzbgmmdom V, = 309 3/(0, bodzzMngol badysmm 360336gmmdooc
p =1.35 3@/L8".

3L 3mbogsb ggba 2, Gm3mal boddmogmgs 7-93, EMgzo00 aMmdngn Gommgdolb boRdsmolb badysemm
3b0dgbgmmdom 1, = 1562 8/%0, bLod 3gMogz0L Ladygsmm 360dzbgmmdom p = 2.02 55)/[)83.

Jd99m9a 3M3gmEgds ggba 3 — dofomswo Jobo, Mmdgmoaz Bzgblb BogH ©snzzomzgds 443 Lom-
399y, ®Mg3o@0 3Mhdogo Gommgdob bofdoMob badysmm 360dgbgemmdom V, = 3311 9/(d, bodzMogol
bodagsmm 8603369mmdom p = 2.44 3@/L3’.

47



626
624
622
620
618

616
614
612
610
£ 608
£ 606
2 604
3 602
o 600
598
596
594
592
590
568
586
584
562
580
300 3% 40 4 50 55 60 65 70 75 80 8 90 95 100 105 110 115
Distance (m)
6sb. 3. bynbIyMo gMmon 2.
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39bab Ne V 3/63 p 36/[)33
1 309 1.35
2 1562 2.02
3 3311 2.44
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RESULTS OF THE GEOPHYSICAL SURVEY CONDUCTED
IN THE VICINITY OF LISI LAKE

Gigiberia M., Kiria J.

Abstract. The paper presents the conducted geophysical works in order to determine the location of the relatively

preserved zone of the main rocks. To do this, seismic profiling was carried out using the method of refracted waves,

appropriate seismogological sections were taken, and propagation velocities of longitudinal longitudinal waves were

determined.

Key words: seismic profiling, elastic waves, geophone.
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®03MO0L bNOOL ®30603IGMBOL 3OT0L FILES3T
JQ0®O63I60000 330MMOO0M

3565353300 b., 303085605 3.

03569 xsgobodgocmol bobgenmdol odaemobol bobgemdbogm wboggmbodgdnb
dob goem ool bsbgenmdob ggmendogob 0bbGodmdo

3bm@Bas(309. F5960 33em930L Logobn ogm 838m3obol o gmonlb dmbs 339000l gfmor-gmoma bosg§mdmdaenm bo-
@b 630658 98mbols doemol gmdol 6s6ncmal bomobbol dgbbsgms sGs@seds0sbgdgmo dgommne. F396L do-

9% 85dmygbgdmemn 0fbs mem§medggmomo dgommo. dmbos mend@@medagmomo (54 33¢3) Goenemol boBgsmab
396bodm3Mms bomobboob (9@oemmbam), dabobbsgmnb 0wgb® =@, 36L& md305d0. dg8wsa, dgbobBogcer 3mb-
bB@mgz00do, 15 6gmBomdn, dmbos mem§modggmocmo Gommob boBdstob gsbbsdmams. g&oemmbam ws dg-
bobBsgem gmbb&Fm (309830 bob s ggdol dgosmgdol dgwgas dmbos bGoboom@memn bownwnwsb bobds-
M9980b goabob dgamsbgds. o8 gowobmab bogmdgzgmdg dgbodemgdgemns 36L& @d300b bofmabbolb dggge-
bgds. Bsmdmmggbocn bodmdsmgddo 3o8mygbgdmemo 0fbs d3g0(306memn 3md3s600b PROCEQ-0ob 809/ bomdm-
9B memo e Madagfomn sdsma@ s — Pundit PL-200. 8ogdmenn obsmol @sdndsggds dgbmmenos Pundit —
200 o> Pundit — 20PE- bodndse 3mmamodols “PL-Link” bodwsemgdoo.

boz396dm bogyzgdn: men@@edggfs, M3065898mbob gmdo, mend@@medagfmob bobdofmyg, g&scrmbama 306b 8-
MM z00

dgbogsma

NEGMd39M0mo Gommgdolb dgomeal bodgemgdoo dgbadmagdgmos dobomgdol go3zzggmo do-
bobosmgdmgdalb dgbbogms sMagb@Mmydonma dgomogdal godmyqgbgdoo [1, 2].

Men@Hod3 9M0mn Gommgdol dgommn goMomm godmanygbgds bodg3bngMm, ggmdgdsbo o, Lanb-
J0bOm ©s Lbgs 93m(306980L gowsbabyzg@oew [3, 4, 5].

Rggbo 65dEM3al 33mg30L 8dm(3065L Bamdmaaqbl E-60 s38mdsgob@msemol Dgdm mbosmEa-Rv-
domngmagmab 8mbs 33900l (mm@o 2 338 7+700 -33 14+060) ¢856%7 ©3mbGo¢gdeemoa, bowolb 1 306539~
&™bab 3mgob (bLog®dg 40.52 3) g3ydals (80 b3 Logsbal) BgdmBBYds Y@ ModggHomo dgmm@oo.

dgbadmb3gdgem 3mbLEG 30930 NEMdagfoma dgommeom Gommal bohjomol gobdmIgol M-
(39b0 boMm3mea gbamos bob.1-By.
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33a30b 3g@gagd0
18dmmbaMmo 359md3z980

ob3nmo 8dm (3960l dgLabBmadmow ,d93339m0b" Bnge domomgdmmao badobbosbo (g&sommbyy-
60) (13060898mbab 3mgalb gdob 6sbnemdn, 6 BgMGomdo, go0bmds MG MsdagMomo Gommal boRds-
9. 830bamzal ndmIgds, Y MmsdagMoma Gommal g58mdbboggdgmo bgbbmMasb 308mgd LybbmMsa-
©3, ool g3o3mob ™. 3mbLEM 0oL gudob babomalb Logsbgs 80 L. dgdwga bogds Gomemal
LoRgoGob gadmogms. badmsmm boRdsmy, 6 aodmIgol dgogagdol dobgwmgom, 4676 3/68 godmgnws. go-
Bm3z0b go-gmo bGsbps®Emmo dgmgan Gommymo gm®mdal boboo Bomdmoaqboemas Bob. 2-By.
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6b. 2. baMabbnsb & 3063898mbab 3mMbLEMYJ305Dg NmEMI337G0mn Jgompam
Ro@s69dgma 33ma30b Rsb6369gMa

35dm33980 JgbadmbIgdgem 3mbLEGANd(303D)

393339070L 30gH Fomomgdam, 9o 3gbsdmbdgdgm 3065398 mbal 3mdal 80 L3 Logsbolb gmdgdo,
15 Bg@@oman, 3050Dm8s Mm@ Mmadagmomn Gommab LoRdsmggdo (bsb.1). 3mbBLEEMMJ00b boamdg sGab
40.52 3g@n. 3obobdm3o bgMGomgdo osbEmgdnm MsbsdMa© oMal gobsbamgdmmo. mommgnm Bgm-

&om3dn 30Dm3830L dggan Gommu®o gm™mIab Loboo BaMm3mmagbomoas bab.3-bg. 398ga brogds boRds-
0l godmogms mnomgnmo gobm3z0bsmgab.
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3bGomdo bomdmeagbomos dgbedmbdgdgm 3mbLEMM(300dg 15 aodmIgol dgogan. mommgme
30Dm330L BgMGomo Gommab gogmol @Hm s YemE@edggmomn Gommal dgbadsdabn bohjemy. Gowm-
0ol boRdsmggdo dgbedmbagdgm 3mbBLEMMI(30930 g@&ommby® 3mbLE G J300bmsb dgosmgdoo mgam-
LoRobm dgd(30M9dmmos. Ladysmm bokjomg osfal 4570 3/63. 306ndomyyMa LohJomg 4340 3/63. godmo-
gymgs Lohdomal mzombsdMobom aobbs 3mmmgdoo dgbyb@gdnmo Mdbgda (656.4, yznmmaow dmbndby-
o 36gd0). Aggbo godmIgzgdom Lo zgmgs 3MbLEGJ305d0 godmaym 3 sbgon Ndsbo. ndobomgal, HmI
QROM dYLEGEIL EaLYLEJEYmo N6 bl MomEgbmds, BoMmmmda s dgbbBgdal bafmabba, dobsb-
dgbmbamos gobm33z9d0 Ro@omoalb mgdm 33069 dogoom.

gbMoema
393B3gBob 3mMbLEEY o0l M@ odggHomo D @FodygHocmo Lodgamm boRjotg
5y &0 Logsbg (LA) Godmeoab gogemaly Gommab boB sty (9/69)
mm (3363) (9/69)
1 80 180.3 4435
2 80 173.2 4622
3 80 178.5 4482
4 80 172.6 4638
5 80 173.7 4603
6 80 172.8 4627
7 80 173.2 4616
8 80 172.0 4657 4570
9 80 184.5 4340
10 80 177.4 4510
11 80 175.4 4556
12 80 171.7 4659
13 80 174.3 4595
14 80 174.5 4582
15 80 172.6 4635

®306509¢hmbob 3mbbhHryjgoob bamolibol Bydmfidgds mem@®sdyamol Bgmm@om

Checking the quality of reinforced concrete construction by ultrasound method
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6sb. 4. 359m3zab Bg@mGamgdab s LoRgsMmggdab g56560mgds JgbsdmbBIgdgem 3mMbLEGMHY](3ns3n.

©sb336s

Mmamez BamImmagbomo (3bGomosb Rsbl, dgbedmbdgdgm M3065398mbal 3mBLE MM (30530
D@ Mmod39M0m0 Gommab boRdsmag 4340 3/63-056 4657 8/68-3g 3geygmdb.

3963 9o dgdmb3dgdnm Bgm@omdn Gommol Lohdstnlb 360d3bgmmds 396 smbggl g@ommbey®
3MBLEM N (30030 YeEHdggMoma Gommoal badysmm Lofdomal 360d36gmmdsb.
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dgbodmb3gdge 3mbLG®MM 30090 godmaym Me3gbndg ¢dsbo Laway Gommab bohjemg Medwgbndyg
sbgmmo 8/68-000 Bo3mgdos g@ommbama 3mbLEEMMJ300L bodmamm LoRdomgdyg. Lagommes dgbodsdabo
303smymadob b3g0omabBgdol JMbLmmE@ o308, o9y LoRdsmggdolb Bamd3mmagbomn gobsbamgds Med-
9650 R©gds Igbedmb3gdgmoa 3MBLEEMMJ300L G 306589@™bBAL bomabbal LG bosMEGgdd0.

LabyMggmos YEGFMdagMocmo dgomeom LoRdsMab gobmdzgs Yydm 398 bgMGnmdo, Moms MRG™
bondgeme gsd3maymb bogggm dbgdo s dgbadadobae aanbogl dg@&mbolb 3mMbLE M (300l bamabbo-
Sbmdoe.

@oBMG M
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STUDY OF THE REINFORCED CONCRETE CONSTRUCTION OF RICOTI
BRIDGE BY ULTRASONIC METHOD

Varamashvili N., Gigiberia M.

Abstract. The subject of our research was to study the quality of the part of the reinforced concrete construction of one
of the bridges in the Ricoti section of the highway using a non-destructive method. We used the ultrasound method.
First ultrasonic (54 kHz) wave speed was determined in a quality (reference) structure identical to the one under study.
Then, in the construction under study, at 15 points, the velocity of the ultrasonic wave was determined. As a result of the
comparison of the speeds in reference and studied constructions, the deviation of the speeds from the standard value
was evaluated. Based on this deviation, it is possible to assess the concrete construction quality. In the presented works,
the ultrasonic equipment produced by the Swiss company PROCEQ — Pundit PL-200 was used. Processing of the
received material was performed by means of the Pundit — 200 and Pundit — 20PE working program “PL-Link”.

Key words: ultrasound, reinforced concrete construction, ultrasound speed, reference structure
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3bm@Gons: ggmEmsomenmgozommo dgomoonlb godmygbgds gommmm 83036 (39em@d 3gmermanamo dobsof-
bob 34mby dMmogse womadn. d60dsbgmmmagobo dgwgagdo doowmgds @mdobaema 89460300 dGogsmn 36mdemg-
Jmmo bogoombob gosbyzgdedo, 8ogecmn sdmzobob go@ebyzgde gobws dgbodemgdgmmn sGggmagmmemom-
mmgonsdo. [1, 2, 3, 4, 5, 6].
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35606930 0.25-0.35 3 gomgmagddo, demm3gdal dmGabgmgdo dg3Lgdmmos badmegmm gstgdmlb dgdsce-
a9b6gmo dsbomoo — Lomoo. mz3000 dmEgmo Bam3moagbomos LodMwalb 3dmbg dsMamgmagdndgwnl
3bas3Lo BMMIom. dobo sM8mMdb3dsM0 DmIgdas Ladmsmme, 0.7x0.3x0.2 3, bememm bodMog dgsdnfinl
J393000 0(33emg6s 0.05-0.103.
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39MA30MmM 35305 oYM Dys3nMowsb

Lomado osgsMmmo gsbmagbgdamo mdogd@onlb dadsmo go@emgdnm 0d6s 300 3sMamagen@o
3Mmgamo amdogn mdogd@nb/3gomal guMbrsdgbdnl dsMmmmdymsm. J398mm, bomdmmoanbomos amdo-
30 bodm@gmm mdngd@obs s ggmMaommmys(30Mn 3Mmaomadol NMMngMm aobmaggdal bggds.

39MES@OMEM 35304900 3MmPamgdo dgbEmmms ggmmMast Zond 12-e, 303 gd-gomad(3gdo bad@e-
&m 368 9bs 2GHz, Imbs(3939d0 dmdngdmmo, ©s843539899mn s 0b@gM3Mg&nmgdam ndbs 3Hmamady-
mo dOHNb39myma30lb Prizm-2.70 453mygbgdoon.

35630b0mmm ©ogmgdEH0ZNmoE s BMeadgbGomuMon Moymn dgmagbormmdal 3sMomgmma3o-
3900L ggmEoomem 3309960 Gobdogmeo dmeogemo.

dmEgmo gobmagbgdmmos bomob dg3(339mo aomgdmb 2.4x1.4x1.43 Lodm@gmm sMgl dogbom. 3m-
H0dMbGommGo ggmMsommmzs30fn gdbdmbomgdol ©OML 3Gmgamgda oMsmgmuos s 9~
0356900356 ©sdmEgdmemas 0.123 dob6doemdy.

0 1

pr.3. woll 2GHz L2 4,,4340

1 113 125 1.38
Distance, m

6sb. 1. 65A3mEagbomos 3Gma. 3-ab gbsdsdabo MisMmmaMsds,
dgbEAmgdnmo ggmeswst Zondl2e 233 bobdaMab 30dmgd-a5w33(3930 56§ 9600.

4340

6sb. 2. byyoa 3Gmgama 3-7.
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36mgomo-3 ob (65b.1) 30@oMgdob bgmadg 33080m@ 0339mgds bszzmagzn mdogd@ob dpgdomgmds,
Jdgbadadoba, AsBL Fobo gogmabs Moommamsdady. Ladmogmm mdngddob Meambsbg nzombgds 3 3o-
gomE. md0gd@&nb gdstgmds d5dmabodmgmgds J3930006 dmemm 33o0m 1byzg80 LobgsdyMmmMdal
0gMdal 3mbs33gmom abEeb30gddy 0.9-1.253 s bom®m3gdg 0.23. Mdog @ sMdMabadata Gormgdab-
356 dgagds 5 3MOMB3EMI© 36Nl 3obmdzLgdyman, Mo ¢dg@glb dgdmbzgzedn g3bgmgds 39mbdy 34-
domdabal s dgmemmaon® dgamgdmab d0dsmmgdsdo. dmsmme, mdagddnb J3gd Maombabgdy 0339-
@905 bobPSBYMMdaL gMdgdabash gobmgyma bogMmomo omg 1.05-1.133 ©abEsb(30906%y, (396&M0m
0.253 om®3oggdsdy.

bob. 2 Bamdmeagboemons Voxlerd-ob (3Gmamodgmo qdEmnbggmymas) sgqgdama asbbormowsb
bymo 3Omgomo 3Mmeg. 3-7, Mmdmgdaz 0965303 30 mo sbobsggb Moombsbal LogMmm asb-
203bgdsb o oo 3obbs 3McMgdmmmdal LobgsbyOMdal mgMdgdal gobmmgnmmdalb baboom, mdogd@ob
©5M353980L g568LadM3Mgm 30dMNEdNmo 356mo3Ladm bLobgsbYMmMdaL MgMdgdl s babab
36505653MMBIL Lbgmmolb sMomsbsdMmdol dobgwgoo.

0375 025 0125 0

0.5

Depth, m

n
&
[
=]
w
By:
s
g
=]

pr.5, 2GHz L2 4, 4342 ni

1

1.125

1.336

0.13 0.25 0.38 0.5 0.63 0.75 0.88 1 113 1.25 1.38 15 163 B X 2 213 225 24
Distance, m

65b. 3. Ima3ys3L bommInmow B363meagborma 3Gmeg- 5 ab Mspombaby.

a33mymagamos mdogd@olb Moombabyg (65b.3), Gmdgmo Rsboggb mdogd@olb asbmsgbgdol sw-
30l ©s 5 gds@gds dob ggm3g@Hogm dmdgdl LogMznmae, esbmmagdom LadxgH. 535Lmsb mdngd-
&ob g3gs bobomo Moambabgbmeb ©s3e3d0Mgdnmos dmaswsm 968gbgd0lL dobabosmgdmals g.6.
994&Mmsabod o g3gmol 30dsmaymgdol ©osg@sdol dobssmbom, ob¢) 3zox0m@ 3sbbsdmgHagl
©5 353mymgb JgmEsmo gsd3mbboggdol 86@9bsw 30Rbgmma mdagd@nl mmjso30sb. 98gbsw, dgbadmyg-
dgmos badoMyzgmol dmegmob s d5doboEady, ggmMaommmysondn gmgd@mmadsgbo@ndo ggmy-
dob dbgogbmdol mgmMnnEsb 3sdmdwnbamg Loggmyg mdogd@ ol Monmbabol ognjbomgds, dzogome
5 (39mbabo, bodmegmm 3mgx0(3096893dg Mobzomn gosmgmal dgbedsdabac.

Lodmegemm ™mdogd@olb em®mdsggds dzogome gsbobodmgMmgds Moombabgdy agalbomgdamao
demm 3mM0dmbBomaEo bobgsbyMmmdal mgMmdal dpgdsmgmdom Me@smmaMmsdsdy, Mmamm(z dmeo-
%ms@o@‘ﬁ]ﬁﬂ, ()L)a 306@060@‘860 aamﬁoQﬂmQ’mJDGO'ﬂﬁ)n 3db3m%0(300b Qﬁmb

@0dIFHoGYHs
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RADIO IMAGES INVESTIGATED BY THE METHOD OF PHYSICAL MODELING OF
AN ARCHAEOGEORADIOLOCATIONALLY COMPLEX BUILDING OBJECT

QOdilavadze D., Chelidze T., Yavolovskaya O.

Abstract: Georadiolocation method has been widely used in many fields with geological content. Important results are
obtained in the solution of many problematic issues of urban engineering, the solution of many tasks has become
possible in archaeogeoradiolocation [1, 2, 3, 4, 5, 6].

For archaeological work, it is important to fix and decipher the radio image of the object as a result of the mutual
distance between the target objects and the georadar antenna. During archaeological work, the distance of the target
object is unknown, which distorts or even makes it impossible to fix the radio image of the object.

A radio view of the object is allocated, which embeds the location of the object and exceeds its geometric dimensions
spatially by approximately three times. At the same time, the lower part of the object is connected to the radio image in
general with the so-called feature of antennas.

Thus, it is possible to determine the physical model of the foundation and, therefore, the radio image of the field object
based on the theory of the similarity of geolocation electromagnetic fields.

Key words: Archaeogeoradiolocation method, radio image, physical modeling.
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30003I0L 336060300GIONL 636306030 EIIBNLO VY
600©33330L 33WA3NL 33©IB3JB0

*ds3m0sdgznma m., *394335 3., *dndmady 9., **JuMiEogzadg m.,
*3medsbas g., ***a335M©3d30m0 3.

*bogsmanggmmmb 894603960 mbozg6bodgBob 3ommdgdgmmmemmanol 0bbGodmBo
*bodsmrmnggemmb gofmgdmb os(330bs s bmgaernb gambgmdol bodnbob@mmb gofgdmb gmmabaemo bssggb@m

**bogomoggenmb §gg603m0 mboggmboBgdob (3m&bg 8o (3bmerogel bobgmmdab
bygomos dgambgmdol 0bbGnd o

3bm§s309. 65dmm3dn gobboemmemns 2024 Eemols gosmamob dmboz03sem0d g8 nb ds683569(30b go@sdsdmdszg-

390 bobsmdmgdob 808wmgdomg Bamodmmogddyg ofbgdmemn . ygntoemsob s Egsmmb Eymmgdob 3ommmo-

oo o dogmmdommmaon@mo obsbosmgds; 08 gmgy boswsgol bodndgdolb 0-5 ws 5-30 b3 bommdgdy ob-

806930l bogFHom gm@mdal gsbbodmgmo.

godmgmagbomos bbgoolbbgs 0bgm 909689800 ©3806d9Mgdmemn . yzofmaemsl o Eysermb Eyemgdo:

o Jdo. ygomoemsb bysemo doggamgbgds bsdmsmm 8nbgmemndom gdmmo byemgdol 358 gam@0sl; 856356 9ol
3639685305 Gmemons 2.56 g/, Gors dgowaghl 25.6 @ 3-b. gb 30630638 gdmemos 08om, Hm bobom-
dmb fJ390mo Jo. ygomoms ©sd0bdnmgdmemos dmdmggdaemo dobol gomy3bg0b dgwgasm Fodmnbom g
bymgdob . yzomoemsdo Rsdggdom,; dgbmbaem bobaems 393Ls s gb 396 e boemgdgddn Mn-ob bsgmHorm
dg8(339mds bogdome domsmns;

o bygommb bymgdo doggmozbgdosb Lodmoemm @ dsmomdnbgmscmndomgdmemn bymagdol 30898 0sb; @s-
8580bdnm 98 gemo 0656 9000968980056 g3o8momhgzs bodfmndgdob s baemasdgdob domscmn dgds39em-
8o, 8obgobdol dgd(339crmds bmmdol gomamgddns; dogmmdomemgonma 35680980 gd0b 8obgogom
®©306d9M 985 oF o0 fbomos.

®  boowogol 60dndgddo dobg069d0l dgd359emmds gobbsgmord gdoo dooemns bme. oM 339000L sbsbggg-
006, bsoey dobo gmbgb&Focns 0-5 b3 bowmmdgdg dgowagbl 53.0, bmenm 5-30 bL3-39 — 77.6 a/3a. gb
dmbo398980 860d3690mm365wm domsmns @obodzgd bmmdsdyg (700 85/ 3a).

bogz96dm bngyzgdo: dw.ygz0600ms, Bgsmmb Byemgdo, boswogon, dsbgsbmdn, wsdnbdnmgds.

dgbagaema

Logdomomggmmdo, gzmmmanol dpgmdsmgmdal 3bMog, gMom-gMon dmbByszmomn s@gomoas gosmy@ab
dmba(303omn@g@n, Mm3gmoaz dgdomgmdl bgdm 0dgMgomnl RHmammgo bobamdon, dnbsmg yzoto-
sl bgmdado. 3mbazn35tmnd)g@&olb dmeged 3Mmdmagdal 3mndsdob (33emamgdal gmbdg Bomdmewggbl
dbgdmogo LGndomGo Imgmgbgdals (396ygHgdn, mzeMmzmaygda, Bysmooomds, Jotgdo, ghmbos s
Lbgo) aosgd@onmgds, Mobsai bgmb 1bymdl 3mbazndsmo@g@do Lodmm-3m3mggdomn baddnsbmdal
(BoMg06g(30L BoMBmgds) 068 gbboggngazns. dowbol dm3mggds dMagamm Bobssmdogamdmoag bszombl
139390600985. gfmo dbGog, ob dgdmbogmoal s sbaemoa badymdom sanmgdal dgddbal Bystrms. mnd s,
535l 360d369mmmgabn Boobo dmadab gamgdmbes s sgommdmago dmbobmgmdabomgal [1,2]. go6gdmb
©3306dMgdol mgambsdMaboom, domby 360d369mmmzabas Lodmm-8m33mggdgma M gbzgmmdal om-
4mxoomo ga3magbs, gobbagnmmgdom, mos 3oMngnmo bybom bodo@mb ©s84dszqd0bab. gb 35650 369-
mo 3969dMng0s, d936Mo MgbGedgmMmas dowbal ababdzqds odndsggdobmeb dgmamgdom. dqbads-
3oL, B BymdnEsb godmbmn dobol GoMomdgda. bszombo 360d3bgmm3s605 dmnsbo Mganm-
69d0bomngol, dom dmEal gosoMal 3mbo(sn3omn@g@ob GgfndmEnnbogal, Gmdmal dmbobmgmds bo-
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13909bg 39@0s 3obozol dobol IM3mzggdal M30ENMaLE NoMymazom bgdmJdgmgdsl. Logsmay-
M, 93mbobEG 93700l s LabyMbsmm 3MMEYIBJdab ednbdyMgds; boswsgol gaMmos(30; N Jo-
Ggfnsmmcn daMamo s Lbgs [3].

FooorgMols Igbazndomo@g@adn 3m33560s ,xMAKNsb obgsbgda” sbmM(30gmgdl d56a35630L 3mb-
(396&M380b Im3mzgdoom Lodndomgdl JabGnEo Jgommmam, BogMsd ma396bgdo gs(398mmos BzGom
396dm 3mB8356093bg(3. 39bo(z035m0@g@&do ssbmmgdom 20 Lodomms, 5dgwsb 9 JabGnma s 11 mos
3oM0gEmmo Go3ab. 1879 Bgmb @snbym dsowbol sdvdaggds. https:/socialjustice.org.ge.

Fosom@sdn 3obg56m30lb dm3mggdal dgmgasm oo bosbo sagds g sMLgdMm JoEMmaMogamm
JLgmb, 39fMdme Gasbolb mgmagbs ©s 30bsfMy ygzoMamsb. gosomal dgbozadsmo@g@do dwmnbatmy
430600ms J308mmdn 30gw0bgds, 3308m3 o6 bogds dobo godmygbgds Lombyss LoLEGgdsdn, Mowasb
Leggmgdabs s 3nbomnl sEanmdEgdsmgmdal 4odm goMorymadmmos gb 3Gm(3gbo.

Fosom@sdn 3obolb Im33mzadgma dab@gdo s mos goMngMmgda aobmaggdmmos dnbsmal oMby
5 3o@bol gobamgibow 0ygbgdgb 3nbamy yzomMamasl Bysmb, Mol dgogaswmss dnbomg LogHdbmd-
o d06dyMgds. 3obol Mg3b30L 3Mm(39Ldn Bamdmddbaema LaBamdmm Rsdnbamg bysemn, oo Mo-
mEgbmdom dgo3o3L gbmboen Bobams 398L, 3dndg mommbydl, 8563569930L bagMmgdl s a56896wmnb
350939 hogonbgds dm. ygoMomadn. gotos 33abs, dpnbamyg ygoMomsl 3o (36965 Lobsdommbg gobmag-
Lgd e Loboysmdy ILIBEYMBgdMmOs Essbmmgdom 805 845 Bmbs sgemmdgHa@n, HmIgmoy badye-
mm 3039306 15.4% 30635643, bommgdqgdol Dg8mddgmgdom sgmmdgms@n Rsomgbgds 3. ygoMome-
do 5 063930 30l ods@gdom ©adbdymgdsl [4].

bosagabs o gMMb@nlb ©obnsbgds b odnbdyMmgds s 999sb 3odm3nbamyg, boswagnl game-
©03(305 3mbammmebgmos 3ofngMab goabbbal badydemgdol dgbMyymgdals 3Grm(39Lda.

35b356m30L IM3m3980L EOHML 9@IMbggEMm 359630 god8moymaegs 356356980L mdLowa 3G 3Mab
Loboor. Jofn @s bamgdn bgmb 1bymdl 3ol g3 (39mgdslb s amgdzel dnbazndsmo@g@ob Ggeo@m-
0sdy [5].

356306930 50530560bs s (3bMzgmgdabmazal 360d3bgmmzgebn gmgdgb@ons. 33069 3mb(396E s (50-
0o 35635693L 50530560L M JBal yzgms mMasbm dgoze3L. Momymagomn 98990 dgodmagds aodmab-
30mb BmamE(3 9B 30G3S dbg39 3ooFsMdgdmmds bgdmJdggdsad. Jobasbmdo 56 nbzqab 363539 dm-
6533mab. 0l bom3maagbl 3ndnmaon®o dmgdgogdol dbadl s MHmaL gobdsgmmdsdn mMmasbnbd by
b99mddggdobsls sbobnomgdl dMmsogemabmoga aodmgmgbs s nbzg3lb dgdwga 3MMPgbomm osgsmg-
398L: 3obg060D3L, dOMBJmm SLmBdL, smgManmm gMds@ndb s bbgs [6].

La33mgz0 Bmbs s Igomegda

6536m330 3m(393mns gosoyMab gbosodsma@g@ob Jomasbgzolb gomsdsdmds39dgma Lobsmam-
980L 80307356y GgMo@mmngddg sMbgdmmo 3. ygoMamol bymgdal gobogzym-Jodogmo o JopEm-
JodoMo @obsbnosmgds. 3. ygomamal Bymab Lobygmsegol ewagbs sm30mgdgmos, Mowasb dw. yzo-
Gosb bymoo sbsm8mgdgb Im3mzqdamoa dowbals gamgsbgslb, Mol d93magass odwnbatyg Bymagdo Rag-
06785 3nboMmgdn s begds Jobo ©sdobdymagds.

obobmmo 33m(356980L goobyzg@obomzgal smgdymoa aym Bystmb bymgdo s 3. yzoMomasb
Bymob bobggdo BMbyEo s sd0bdNMadal bys®imb J3938mo. sgfgmgg 3r.gz06nmal d96mbama bobo-
03980 @ BLggMgero bormgdgdo.

599 bymob Lobggddn gobobsdmgMs: GobognM-Jodondo s dnMmJodonmo 3639 Mgda, 396~
dme: pH, gemgd@mmasd@ommds, domaqbndo bogmogmgdgdo — NO,, NOs, NH,', PO43', doMomsmo nmbgdo,
30bgMomaba(309, 3dndg mocmbgdo: Cu, Zn, Pb, Cd, Ni, Co @ 356356930b bagGom gmds [7] oo dogfmmdo-
mEma oMo 356edg@Mmgda: E-coli, m@ommmo jmmogm®mdgdo, ggzsmamo bEmgd@mzgmgagdo [8].

5 gdmn 0gm s3Mgm3g bossgol 6034390 ©sd0bdMgdol Bysmmb dndpgdstyg &gMoGmmnnwsb
5 BmMbyMo sanmgdosb 0-5, 5-30 LI LoeM3gbyg; Fmbs boswsgol 6034dgdol ©s34dsgqds: 3odmm-
33, 3o3b309Mgds, 35305 ©d 3obaobndal LogHnm BmEmBal gobbabrgms [9].
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doymazz0mgdl s 3gqbadadgds g3dim3m LEbEIMEGgdL, 39Mdme:

NS AR

390093980b g356bom3gs

0mb-gmm3s@mamsgn — IC-1000; ISO100304-1:2007
L3gd@MMBMEMIgE Mmoo dgmmeao — SPECORD 205; ISO 7150-1: 2010;
3maDd3nM-gdabogmo L3gd@MmBgE&a — ICP-OES; Epa method 200.8;
booagnl @sddmgma — Milestone — Start D Microwave system;

Loggmg 3MOGdG Mmoo 335MdG Mo — Hanna Combo pH/EC/TDS/PPM Tester HI98129;
IDEX-s356Ms@0
pH-398®M0 — Milwaukee-Mi 150.

3b®. 1-30 Im(3939mos d.yz0M0mib goboznM-JodoyMo s 3npMmmmanyma Imbs(3939d0.

sbamnbgdo Ro@omMos 0sbsdgMmgg 3gommadabs s 830MaGMMal aodmygbgdom, Mm3magdo(y o3-

) | IR038GmaedGatinds, | 330 230 450 1170
usms/cm
3 | 4385 dafen 3.14 1.62 1.21 3.12 3.24 6.0 6.0
4 Lobobg, 8a.93/m 6.24 3.41 2.24 4.90 9.12 7-10
5 | o8mbowydn, dgN/en 0.185 0.199 0218 0.169 0.193 0.39 0.39
6 | 6ogmodgdo, da/m 0.059 0.027 0.061 0.761 0.259 02 33
7 | bo@Go@gdn, dalm 1.641 1.254 1.621 11.55 13.31 50 45
8 | gmbgsggdo, dalm 0.268 0.165 0.141 0.281 0.386 3.5 35
9 | bymoaedgen, dafm 53638 | 26.70 19.01 7658 | 510.85 250 500
10 | Joomtowgdo, da/e 8.57 7.20 3.22 9.27 14.38 250 350
11 | 36%mdo, 3/ 0.052 0.016 0.022 0.028 0.109
12 | g@m60, 3a/m 0278 0.129 0.036 0.115 0377 0.7
30Mm 3oMdmba@gdo,
13 26596 | 21228 | 148.84 | 24156 | 283.04
dafem
14| goemogo. Sl 23868 | 2093 | 1728 | 1725 | 169.43
15 bo@@omdo, dafm
16 | gormz0mdo, g/ 8221 43.48 27.09 5383 | 137.01
17 | 85360030, 3a/m 26.07 15.05 10.86 2691 27.86
18 | Bobg@omobo(3os, dafem | 115932 | 32720 | 22732 | 441.13 | 1156.40 11(;%%'
19 | E-Coli, 1 ©8-30 560/50 56/o0
sy | BV@IG0 gemog. OQ | 3O/ o6
1 ©8’-30 50039
51 | BOGIOM0 56/50 | 6/ ds
LEEG3E™3-1 Q33-30
22 | 8563564930, 3/ 25649 | 0.1136 | 0.0150 | 0.0154 | 0.0030 0.4 0.1
23 | b3omyg6do, a/en 0.0134 | 00024 | 0.0040 | 0.0028 | 0.0008 2.0 1.0
24 | omoos, dafm 0.0054 | 0.0035 | 0.0012 | 0.0031 | 0.0009 3.0 1.0
25 | @ygoo, dafm 0.0023 | 0.0011 | 0.0008 | 0.0021 | 0.0015 0.01 0.05
26 | gowdondo, a/e 0.0002 | 0.0001 | 0.0001 | <0.0001 | <0.0001 | 0.003 0.001
27 | boggmo, 3/ 0.0005 | 0.0023 | 0.0007 | 0.010 | 0.0005 0.07 0.1
28 | gemdom@o, da/m 0.0004 | 0.0007 | 0.0003 | 0.0012 | 0.0009 0.1

*= b3 — bz oo wobod3z980 3mb 3968300 Lobdgmn Eyemob Ba46039%0 G98msd96@80b dgbsdsdobow
(bagsmonggemml dorsgFimdal wsggboemgds Ne58 2014 Eemols 15 05635630 o. 09doennbn)

** = by — degmame obodggdo 3mb396&Faoz0s dgmsdommmn byemab $ 9603960 @gaemedgbdob

dgbodsdobs (bogommggemmb omogmmdolb wowggbomagds Ne425, 2013 Eemob 31 wg3998 960, J. doeobo)
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Bam@(3 (366.1-0b Robl, yzoMoms-33L ,0bMm*“-b s ygoMoms-33L ,xOndnms“b dz9dmo swo-
6036935 pH -0ob gosb®s &m@g 808sMmmmgdoo ©s 3go0396L 8.1-8.2 ygoMoms gmby@csb (7.7) dqwes-
9000, 5bsbndbogns ob Gog@0, B3 momngdal yzgms 0bgcg0gb@nlb dgd(339mmds as(30mgdoor do-
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RESULTS OF RESEARCH OF NATURAL WATERS AND
SOILS OF CHIATURA MUNICIPALITY

Shavliashvili L., Kuchava G., Shubladze E., Kurtsikidze O., Gavardashvili G., Kordzakhia G.

Abstract. Hydrochemical and microbiological characteristics of Kvirila River water and spring waters of territories

adjacent to Chiatura municipality manganese processing enterprizes have been considered in the work.
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Kvirila River water and spring waters contaminated with different ingredients have been identified:



e Kuvirila River water belongs to the category of medium-salt (average mineralization) waters, manganese concent-
ration equals to 2.5649 mg/l, which comprises 25.6 MPC (maximum permissible concentration). This is stipulated
by the fact that Kvirila River below the enterprise is polluted with waste waters resulting from extracted ore
washing, which are dumped into Kvirila River; total Mn content in suspended particles and bottom sediments is
very high compared to the background level;

e spring water belong to the category of medium-salt and highly mineralized waters; among polluting ingredients
nitrites and sulfates are distinguished by their high content; manganese content is within the norm; no contami-
nation according to microbiological parameters is registered.

e Manganese content in soil samples is particularly high in the village near Darkveti winding, where its concen-
tration at a depth of 0-5 cm is 53.0, and at a depth of 5-30 cm — 77.6 g/kg. These data are significantly higher than
the permissible norm (700 mg/kg).

Key words: Kvirila River, spring waters, soil, manganese, pollution.
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4 | 9bgyo — obo 1620 | 78 | 2460 | 40 | 2521 | 858 | 1723 | 419 | 17.6
5 | bgbbges — mobsba 468 39 | 2300 | 41 | 2683 | 642 | 2046 | 418 | 48.8
6 | 3gb@nogams — 3L ns 144 11 2790 | 25 | 1622|1392 | 1230 | 355 | 85.9
7 | Gombo — mbo 1060 | 58 | 2260 | 40 | 2347 | 785 | 1562 | 402 | 33.0
8 | Momba — sm3sbs 2830 | 117 | 1810 | 43 | 2347 | 367 | 1880 | 322 | 203
9 | ®ombo — bs8mbgzsbo 3450 | 151 | 1720 | 41 | 2347 | 223 | 2124 | 320 | 15.1
10 | ®ombo — bagmBs3odyg 13300 | 284 | 950 | 34 | 2347 | 65 |2282| 300 | S5L.5
11| g3060ms — boRbgy 533 | 45 | 1320 | 75 | 1899 | 420 | 1479 | 245 | 352
12 | ygotoms — dgbBoxnmba 2490 | 98 | 960 | 52 | 1899 | 152 | 1737 | 224 18.3
13 | dotrggems — Bggo 1190 | 76 | 880 | 34 | 1408 | 182 | 226 | 235 18.2
14 | bobobBysmn — domeomn 655 43 | 1230 | 91 |2411 | 190 | 2521 | 319 | 587
15 | RbgMndgmes — boMsegomman 398 28 | 1100 | 77 789 | 280 | 509 | 277 | 29.1
16 | (3b960Lbysma — g0 506 38 | 2240 | 54 | 2707 | 1130 | 1577 | 398 | 43.7
17 | 3bgbobbysmmn — Gsb3gema | 1470 | 78 | 2040 | 53 | 2707 | 500 | 2207 | 407 | 27.2
18 | 3bgbobbysemo — bowo 1950 | 129 | 1800 | 31 | 2707 | 190 | 2517 | 380 19.7
19 | Bgbnco — bogomadgso 558 66 | 1160 | 53 | 2400 | 82 |2318| 296 | 38.4
20 | bmdo — mggsbag 310 58 | 1640 | 85 | 2325 | 230 | 2095 | 460 | 53.4
21 | byyggbs — Rmbo@om®o 316 56 | 1250 | 68 | 2710 | 130 | 2580 | 308 | 44.9
22 | byygbs — bodomams 1100 | 102 | 970 52 | 2710 5 2705 | 214 25.5
23 | 6o obgdo — boBebgdo 469 56 | 880 | 48 | 2475 | 4 | 2471 | 240 | 45.8
24 | 306@080 — gobo 191 | 33 | 1120 | 44 | 2450 | 87 |2373| 500 | 685
25 | Roggabbysmo — baogs 120 14 | 830 | 95 | 1280 | 41 | 1139 | 475 | 80.8
26 | dgyge — amdo 112 19 | 1580 | 78 |2503 | 300 | 2203 | 421 99.8
27 | ogoGabbysmo — Jgws 1360 | 70 | 1470 | 67 | 2379 | 192 | 2187 | 346 | 33.2
28 | sgomabbysemo — bmemm 251 30 | 1590 | 57 | 2379 | 650 | 1729 | 308 | 67.5
29 | gmtmbo — 9fag 22100 | 428 2700 | 30 | 2670
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30006Mm339090Ddg ©33063900m Brmgdal Mammgbmds Lbadymsmme 50-0sb 90 bemsedwyg o(33mads.

053306398508 M0g9330 g58m@m39dmo dgdmbggzgdal smwagbobs s dojbodsmamn batgqdol g6-

20560 M0ggdab 3gaqbolb 80bbom, godmygbgdmm 0dbs sbsmmma Babstmgms Bymal batgqgdol dmbe-

(39800 3ME g 30060 sbamodn s 3MdgMmo 0bGgfM3mma300b dgommon. 0dol godm, M3 (3o 39-

@ 30bsfMgms odgddn Bysmdmzamobgdol gm@mdnmgds babosmmagds gofzzgnmo msgobgdnmgdg-

d000 5 589Mgdgb6 nbrognsmNE bobosmb, sdoGmd Mmmmo oym sbommmg dabstgms Imdgdbs go-

dm@m3ggdmmo dgdmbzgzgdol smbsmagbac.

3bMama 2. @sbsgmgo bogsMmgzggmmb dpabsfmgms Bymal bsdysmm

Bemoy&a (Qy, 3’/63) ©> 33gbndsmuMa bosMxgdab (Qp, 3’/63) 3563398 Fgda

053306393305 (N Bemgdab) LGsEabLG3YMa 563madab Jnbgognm

Ne 30bathyg 39964@0 2 g 2 £ g( & ? N E 2 02

Felgdl g | @ | ¥ 5% % | %

NS § Cg 2 © @ s

n Qo Qrmax Qnmin Aq Qm Cv Cs
1 | 3bogo -gombgo 61 98.2 1090 286 804 510 0.31 1.41
2 | 3mEmmo — mood 61 92.5 1240 256 984 498 0.41 1.35
3 | gbayo —bsnda 92 118 2100 250 1850 643 0.49 2.04
4 | gbano — obdo 92 68.5 1200 105 1095 341 0.56 2.30
5 | bgbbgMs — mmobsbo 92 30.4 600 25 575 146 0.69 2.35
6 | IgbBoogoms —dgb@os 92 13.0 351 20 331 90 0.67 2.28
7 | Gombo — mbo 92 44.8 650 50 600 188 0.48 1.94
8 | Mombo — sm3sbs 92 103 1470 242 1228 528 0.36 1.98
9 | Hombo — b6sdmbgs6a 92 176 1870 370 1500 727 0.31 1.93
10 | ®ombo — bagdmBsgadg 92 420 11200 | 950 10250 | 2367 0.65 2.79
11 | yzotomos — Lahbgmg 92 15.6 800 325 760 159 0.66 3.08
12 | ygoGoems — dgb@ogmbo 92 60.7 2300 185 2115 544 0.53 2.84
13 | dorgems — bggo 92 26.0 1230 80 1150 288 0.54 2.62
14 | babobBysmon — dom@amn 92 15.9 680 28 652 123 0.71 3.31
15 | Bbg@odgems — bamagsgmo 92 12.1 484 34 450 112 0.56 2.56
16 | (3b960bbysmn — muxrn 84 24.4 640 48 592 140 0.78 2.48
17 | 3bgbobby — G 3b3gmyca 84 66.3 1115 75 1040 312 0.55 1.55
18 | 3bgbobbysemn — bowo 84 47.2 1200 138 1062 368 0.50 1.75
19 | gboco —bogdomadgzo 84 34.8 1320 50 1270 326 0.60 2.21
20 | bmda — mgasbotg 84 21.6 1400 25 1375 261 0.89 2.35
21 | byyggbos — RmbsGoya 62 13.8 300 42 258 116 0.53 1.47
22 | byggbs — bodagamms 62 50.8 1500 234 1266 501 0.44 2.30
23 | 65896900 — bo@obgdo 62 24.8 1330 89 1241 343 0.59 2.52
24 | 306@0dn — 3mbo 62 12.9 915 35 880 162 0.90 2.95
25 | BaggobbBysmo — boms 62 9.65 1000 10 990 147 1.68 3.51
26 | dgyge — amdo 62 7.08 910 3 907 121 1.31 2.88
27 | agoabbysmo — Jgwe 63 46.1 850 117 733 319 0.51 1.56
28 | agomobbysmo — bmemm 63 8.28 189 28 161 70 0.47 1.83
29 | gmBmba — gfag 63 278 3840 628 3212 1497 0.45 1.96
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3Mogomdbmogo 33mg3z0b dgogasm domgdamos ymggmbBmon®o ogbo dojbodsmua bofggdol
36030mbmosbn (62 + 92) Moggda. dscmn LEGSEGNLENIYMo SBomaDal Jgogasw, Lomsbswm 3m33nwEdg-
Ao 3Gmamadoom [5], 1991-2022 Bemgdol dmbs(3939d0b @ods@gdom dnbamgms 29 3nmm33gmdy ©o-
Bbos aogmomon Bysmdmgzomobadol Moowgbo 3s4LadsmyMo batgqdol IMsgembman@a dobabos-
090mgdals 36615398500, Mmdmgdaz Im(393mos (3bGoe 2-do, bowss dnbosfmgms Lodmsemm Bemovy-
0 s NeoEgbo Bymal batggdal aofos, domgdemos dojbodsmu@n batigqgdol Ladmsemm dMogom-
BemogyMo 3603369mmdgdo (bm@3gdn), domn Myggal 833modogdo © (335rgdsmdal (3oMnsz00bs —
Cv ©s 5b03g@Mnab — Cs) 3mgx0(3096@9d0, HmIgmbo(z 30dmomBg3056 Bomama 360d36g9mmmdgdom (Cv >
0,5, Cs>2).

03M0gs0, 2023 bemodmyg sMLgdyma 62 — 92 Brmosbo ©s3306M3905ms Mggdol 3mbs(3989600m, domg-
dmemns @odLEG MmO 30M39@Mgdn BysmBmzamobgdol Mmmnabo d5dLadsmm@o botgqgdal dobabos-
0gdmgdabs. aboba LagoGms gs8mygbgdmm 0gbgb Bysmbodgm@mbgm aosbgsndgdgdals babsmdmgdma
300bsM793%7 3gdoMyg doMmE@qdboznco mdogd@gdobs s Lobsdofmm bmbgddo gobmaegqgdmmoa mdo-
9989d0b Im3Lobn@mgdobomagal, sgMgomgzg Ladg(3bngem s LadMmygd@m MmMasbads(3098dn boggdmdaoms
8960396 — g3mbm3n 3mco 35R39695madol abdmgdabs s eggadsmgdabsmgab.

ByomImzgammbgdal 32 brnsbo dmbs(3939dal ©05858gd00r gobsbrmgdemo 3503398 M gdal 3Mad8034-
mo a5dmygbgds gbodmgdgmb asboolb 8nboMmggddy s dom Losbemmaglb Brqdsmg Mmdngddgdal (3oc-
9460396 bog93mdgdab. bogdal, 3adgdal, Losbmgmgdgmao Labmgdol babmegmm bagsmammgdal o
bbg.), Boamn Bysmmdmgammbgdol MM, N@m Londgom ©o(330L aBSBYdaLs s aBaMmggabagsb.

@0dMIGYHs
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UPDATED MAXIMUM FLOOD DISCHARGES FOR HYDROLOGICAL
CALCULATIONS OF THE RIVERS IN WESTERN GEORGIA

Basilashvili Ts.

Abstract. The average annual and maximum water discharges norms, their extreme values and specifics of their
variation, obtained by adding the annual observation data for the years 1991-2022, are provided for the major 29
hydro-crossings of the rivers of Western Georgia. They have to be considered by scientific, economic and design orga-
nizations, which will allow them to produce water management calculations, determine technical and economic indica-
tors of the constructions and facilities and most importantly, ensure safety of the population and the environment.

Key words: loss, victim, safety.
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ASSESSMENT OF MODERN AGROCLIMATIC CONDITIONS OF THE
NORTH CAUCASUS IN THE CONTEXT OF CLIMATE CHANGE

Kerimov L.A., Bratkov V.V., Bekmurzaeva L.R.

Millionshchikov Grozny State Oil Technical University

Abstract. The North Caucasus region exhibits a high population density and an established industrial and
agricultural production. Consequently, investigating the effect of climate change in this area promptly represents
a practically significant task. The research aims to evaluate the contemporary change in climate on various
landscape types in the North Caucasus region and their influence on agroclimatic conditions.

This work establishes a database spanning from 1961 to 2020, focusing on temperature and precipitation data
from 28 meteorological stations. Employing statistical and mathematical methods, we processed the data using
electronic spreadsheets such as Excel. Our analysis incorporated both traditional methods from climatology and
agroclimatology, as well as modern GIS technologies.

The analysis unveiled that, on average, the air temperature in the North Caucasus region increased by 0.9°C from
1961 to 2020. Temperature variations varied across different landscape types, with the highest annual air
temperature increase occurring in foothills (1.2°C) and the lowest in mountainous landscapes (0.5°C).
Additionally, there were increases in the sums of active temperatures above 5, 10, and 15°C. Precipitation, on
average, increased by 56 mm, with the most significant rise observed in steppe landscapes (72 mm) and the least
in semi-desert and desert landscapes (36 mm). Certain regions show unchanged precipitation levels. The increase
in precipitation primarily occurred during the vegetation period, while precipitation during the cold period, con-
versely, decreased. Exceptions to this pattern were observed in mountainous landscapes, which exhibited an
opposite trend. The hydrothermal coefficient of G. Selyaninov, characterizing moisture during the vegetation
period, remained within the natural fluctuation range.

Our research results affirm that the change in climate in the North Caucasus region has contributed to the impro-
vement of the territory's thermal and humidity conditions. Despite alterations in humidity, the values of moisture
indicators persist within the characteristic range for each landscape type. Consequently, conditions conducive to
landscape transition and the cultivation of more hygrophillous crops are not discernible.

Keywords: Modern climatic changes, agro-climatic conditions, temperature, precipitation, hydrothermal coefficient.

Introduction

According to the latest published data from the Intergovernmental Panel on Climate Change, global
surface air temperatures in 2011-2020 increased by 1,1°C compared to the last century [4].

While global climate change and its impact on the natural environment and human activity are being
studied quite actively, little attention is paid to regional studies. The Russian part of the Caucasus is usually
called the North Caucasus. This is a fairly densely populated region of the Russian Federation, characterized
by industrial and agricultural specialization. In addition, the North Caucasus has a wide landscape and
biological diversity. In this regard, the study of climate changes in a given territory and timely adaptation to
them is an urgent task of great practical interest. The purpose of the study is to assess current climate
changes in various types of landscapes found in the North Caucasus and their impact on agroclimatic
conditions.
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Materials and Methods

The study was carried out within the framework of the state task “Assessment of the variability of
agroclimatic conditions of the North Caucasus in connection with global climate change”. The estimates are
based on data from the Roshydromet observation network at 28 weather stations representative of a certain
type of landscape. Observation period from 1961 to 2020. For comparison, data from the USSR Climate
Guide [3] (observation period from 1881 to 1960) are used as the long-term average value (norm). Data
processing and interpretation were carried out using Excel spreadsheets and GIS technologies.

To assess the current agroclimatic conditions of the study area, indicators traditionally used in agrocli-
matology were considered [1,2].

Results

Analysis of the materials showed that on average in the period from 1961 to 2020 air temperature in the
North Caucasus compared to the norm (1881-1960) increased by 0,9°C. However, the increase in air tempe-
rature is uneven throughout the territory. It increased maximally in foothill landscapes by 1,2°C, minimally
in mountain landscapes — by 0,5°C (table 1).

Table 1. Air temperature deviation for the period from 1961 to 2020 from the long-term average value.

I om o | 1v | v | vI vl |vil| IX | X | XI | XII | Year
Steppe 141616 |15)|05|08|04]04|07]011]09 ]| 1,3 ] 1,0
Foothill 16|16 |12|11)|041]07]061|04|07]|02]11] 14| 1,2

Mountain 10(08(07/|07)01}|04]04|03|04]01]05]08]| 05

Semidesertand | 1,3 | 1,3 |16 (15 (05|06 |03(03]08]|02]|07]|10] 09

The sum of active temperatures exceeding 5°C increased by 4-7%, the sum of active temperatures excee-
ding 10°C increased by 5-9% (table 2). Average temperatures in January and July also increased, with winter
temperatures increasing significantly more than summer temperatures (table 2). The transition of the average
daily temperature through 0, 5, 10°C occurs earlier in spring, and later in autumn. Accordingly, the duration of
the period after 0°C increased by an average of 15 days; after 5°C — for 8 days; after 10°C — for 9 days.

Table 2. Sum of active temperatures. Average temperatures in January and July.

Sum of active Sum of active
. . Average January Average temperature
temperatures exceeding | temperatures exceeding .
temperature, °C in July, °C
5°C 10°C

Steppe +262 +304 +1,4 +0,3
Foothill +240 +267 +1,4 +0,1
Mountain +217 +181 +1,5 +0,6
Semidesert and +93 +92 +1,1 +0,5

Precipitation between 1961 and 2020 compared to the norm, they increased on average by 56 mm, the
largest increase in cages was observed in foothill and mountain landscapes (by 72 mm) (table 3).

Table 3. Precipitation deviation for the period from 1961 to 2020 from the long-term average value

II 111 v \Y VI VII | VIII | IX X XI XII | Year
Steppe 6 7 4 6 5 -3 1 6 6 10 72
Foothill 5 11 14 18 16 10 14 9 8 72
Mountain 13 4 8 -7 -1 -5 1 -3 6 11 10 45
Semidesert and deser 4 6 3 -1 6 1 0 0 -1 3 -1 4 36
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Hydrothermal coefficient G.T. Selyaninova (GTK), which directly depends on the amount of preci-
pitation during the growing season, is widely used to identify zones of different moisture supply in order to
determine the feasibility of growing certain crops. According to the study, in the period from 1961 to 2020
the HTC value in semi-desert landscapes varies from 0,5 to 0,7, which corresponds to a dry steppe, in steppe
landscapes — from 0,7 to 1,1, which corresponds to steppe-forest-steppe, in foothill landscapes from 1 to 2,2,
which corresponds forest-steppe is an excessively humid zone, in mountains — from 0,9 to 3,6, which corres-
ponds to the arid zone (Akhty) — an excessively humid zone. All deviations of the HTC from the norm are
within the limits of natural fluctuation.

Conclusions

Thus, the ongoing climate changes in the North Caucasus in the period from 1961 to 2020 proceed
according to the scenario of an increase in air temperature by an average of 0.9 ° C and an increase in preci-
pitation by an average of 56 mm. Agroclimatic indicators characterizing the heat and moisture supply of the
territory have improved. However, the HTC indicators, which characterize the ratio of incoming heat and
moisture, are within the limits of natural fluctuation; accordingly, the prerequisites for changing the bounda-
ries of landscapes have not developed, as well as the conditions for growing new types of agricultural crops.

Acknowledgments: The work was carried out within the framework of the state assignment of
Millionshchikov Grozny State Oil Technical University FZNU-2024-0001 «Assessment of the impact of
modern climate change on natural and natural-anthropogenic complexes (using the example of the Chechen
Republic)».
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330®33000L 303WA6J LOFIGM3IT ML SCIMLOI?IM
®330M6Jd0L d3HIGIW LAIOMEBI

dgmadg 3., Igmadg a., 353565d9 b., gagas 3.

bogotroggemmmb $g4603960 @boggmbodgdob Sommdgdgmememgnol 0bbGodydo

3bm@Gszns. bmgmol dgambgmdobscmgol ggomas ofobgembsymgmo 898 gmeimemgoano dmgmabss, Hmdg-
0 (3 3M3IM 835 M350 8o3mgbol obgbl d(3960Mmgme B s-39630086 980bs s door 3G M0 memds-
%9. 60dmm3do gobboenmmos smdmbogengo bLojommzgermb & g930mbgdobocmgol, boggagdeom 3gmommdn
3393960l 3539693 mgdo (g335em30L §odgdo, bodmsenm ggomgnsh omgms Gasbgn). 6 g3m896w@s(300b boboo
399 9em0s 830m30L Logmob ggdol @ab job dgbedzomgdems Bobods g gen mmbolidngd gdo.

bogze6dm bngyzgdo: azomzs, sgGmgmm&u&s, boggagdsom 3gMmommn

33Mm 3G MMgdobomgal ggzomas sMabgmbayMgmn dg@gmEmmmao@o dmgmgbss. ngn ma30bn
bobosmoo  sbmdomyMos s  3modo@Mo Bog@mMmgdom bobaMdmogo 3gMomeom (30 s dg@on
©E0m) 3m33mgdbamon 3mddgogdlb sammgzmbalb@gdady s g3mbab@gdgddys. azomas gobdnfmm-
39dmmos EEg@sdn®o Jogmolb Lodmsmm §qd3gMednGom (25°C s 3g@n), boswsgol Dgmadomals
8933gcs@mEam (70°C-8rg), 3ogcnb Jggommgdomn qbosbmdom 40%-3wg, ddMomo oo boRds-
Moo 5 8/68 s 3g@o0.

33935 3MOgMMA3oMM35b6 3o3mgbsl sbmgbl d(3gbsMgms bMo-gobgzomomgdobs s dom 3m-
©d&onmmdady. bogbymab sj@oymo 3935893006 3gMomwda (VI-VIID) (3bgmo s30bron, bsemg-
Jmds o6 0dz00me@ 9860d36g9mmm Boemgdgda (533 bozemgdn), 43bal oMabszdstnbo Egbosbmdal 3o-
MmdgdL, aobbo3nmmgdoo gBMbmosbo 3NmENEgdal gobzomemgdabomgalb [1]. sbgo 3(39656MgqdL
booaadn oMo vdgm Mo gobznmamgdobamzal ggbgms LabEgds s asbn(3056 boswagals &g-
Bl Bo3mgdmdol. 3(396sMgms sd@&om®o 3939@&5300b 3gMomeda (VI-VIII) s0bodbymo ggod@meig-
30l gobabamdmonggdal dgdmbggzedn, dgadmgds dgugMboglb doM(33mgnmo s dmbEbgymo  Jom-
B69d0L g563000560gds, v3Mgmgg, IMogembmnsba 3mmEMgdob boygmayzgdol gmmInmgds. Mowasb
sbgmo 30mmdgdo boswsada J3bal Ggbal asbbogmomgdmem bogmgdmdsl. 3ol asdm 339696990l
ggbgms LabEgds Logomm MomEgbmdom 3gM obzol Bysmlb dobobdgws bobamgdl. sdqgosb go-
dm3nbsmyg, osm0mgdgmo begds bossaal Ggbom @bONB3gmymeys.

3&3mbggmmo Jogmob boddMmsmge (a3omgem) oMol 3oRbgmmo bm@dszo (Jo6rdmdabn). ogo
3M33mg by 3g@gmEmemmao® dmgmgbol bomdmowagbl. 03 dgdmbgggado, Hmiss ogo ggomgsl
obmagl, 35306 Mucm dmogFmeagds RzgmmadMogo gzomags ©d a393m0bgds Jomdmdnbol Laboom. o3
OML QRGm 8980d EEMsdNGo Jsgmolb Lodmsmm Gqd3gMmedn@s (26°C s Ig@n), boswsgnl
BEs30c0b §g33gGs@m@ms (70°C s g@n), 39960l Jggommgdoomn §gbnsbmds 30%-8gs, ddMarmo
Joegdalb LoRdomyg dgoagbl 6-8 3/63 s ymzgmongg 3ol gmgob Mbomagdmds o6 ndznsmo «3-
60d3bgmm baemgdo (533 bogmgdo). o@badbymo god@mMmgdal mabbzgomsl (15-20 s 980 ©wom)
dgmdmas bossogdn asdmabgzoml 3Gmeyj&onma Ggbob domsgol 0bBgbbonMa smEmmmgds ©o
Bosagnl 0-50 s 0-100 L3 Lol Gqbsdn dGmEYJGommo Ggbalb Jomsgnl dgdzomgds 20-30 s
40-50 33-30y (3gbodadanbow). gb god@mEgdo 0b39396 (396069930l GFSbL3nMs(300L  goo@gdal,
booogomsb &qbol 0b@qbboy® smEmmmadsl, Moz YoMymGoms sabobgds 3(3gbstgms bEe--
35630006 980bs 5 Imbogmol gm®mIomgdsdy. 3308m3, sbgom dgdmbzgg39330 @MMMEM® Mbos As@sm-
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©qb Booogol 3mMmbygs, 3mm@ngszno-goxbzogmgds [2]. 3bGomadn 1 dmgdnmos bojoMomggmmb sem-
3dmbagmgom Mgaombgdol azomazqgdol 3shg96q0emgda bLoggag@oom 3gfomedo.

abMoma 1. bd39a398>30m 3gMomEdn 335m3930b 35R39698mgda.

ga0mbn dg®gm- a3om3ol §ndgdn Lodmammm ggomgnsb emgms Mazbgo
boa Mo bodgoeem | ggogersdy | yagersdy | ageeggoob
390 Bo3mgdn smdoonmds,%
3obgomo ®M 930 LybGo 39 62 12 100
Ld.0689bLogyMa 11 33 0 95
06@&96bomco 2 10 0 60
dem.ab@gbboyco 0.1 1 0 5
dotodo LybGo 46 73 16 100
L3068 9bLogyMa 12 45 2 100
0b6@gbboycn 2 8 0 55
dbgoo- ®0sbgmo LabGo 20 40 3 100
dmnsbgma Ld.0689bbLogM0 15 1 55
06 9bLoyEn 0 0 0
InbMobn baybGo 39 65 16 100
(3zbgos) bod.06@ gLy 15 32 2 100
0b6@gbboy&n 1 5 0 50
dgon LybGo 22 47 4 100
Ld.0689bLoyMa 4 22 0 80
0b6@gbbogyca 0 1 0 10
Lod(3bg- dmergmdo LybGo 30 47 6 100
®o356g00 Ld.0689bbLoM0 6 24 0 90
068 9bbonEan 1 7 0 40
sbog(zobyg bybGo 49 78 10 100
L3068 gbLoyMa 4 15 0 75
0b6@gbboy&a 0.2 3 0 10
sbomgomodo | baybo 15 31 1 100
L3068 9bLogMa 3 13 0 85
06@&96bomco 0.2 1 0 10
d399m s | aoMsdsbo LybGo 65 101 36 100
dows Lo3.068)gbbonEn 27 50 2 100
oo 0b6@gbbogyca 4 17 1 80
dem.ab@gbbogyco 0.1 1 0 10
Bom 3o LybGo 25 0 90
Ld.0689bLoyMa 1 0 5
0b6@gbbogyca 1 0 5
amen LaybGo 40 62 18 100
Ld.0689bbLoMo 14 36 2 100
068 9bbonEan 2 6 0 65
dem.ab@gbboyco 0.2 2 0 10

39bgomob Mga0mbdo (3bGoemo 1-0b Jobggom LybEo s Ladysmm ab@qbbogmdom ggomggda Mg-

30mbol EgMo@mMnsdy ymggmbmonmass dmbammebgmo, 3ogMsd 300l dgdmbgggs, MHmzs 0b@gbbo-

@0 33530 50bndbgds 2 myg. (3bo0s, 5bndbyma azomggdal Jgdmbggzgda 96 M0l 3G ILEGEM™-
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B0, 35363 0g0 gobomzemnbobgdgmos JmE M dal bm@m3smyMo bHse-gobgzomemgdobs s dm-
Logmoab dgbamhbgdobomgal. 39Mdme, sbgm dg3mbgggedo Mbos gobbm30gmmgl boswagnl dmmMBygs
QS FY@E0ZS(300-

3(3bgme-3mnsbgmal Mggombol &gMoGmEns 56 oMl odbzgMmo azom3gdobogsb s bbgomsbbgs
06@qbbomdoo a393mnbgds (3bGomo 1). bGamal sbsmabo a30h39693L, HM3 Goombgdals abgoznm
LabEO 33omggdo ymzggmbmonMam 560l dmbammebgma 100%, bmem badgsmm ab@gbbomdocm 55%
(00569030), 33bgmado — 100%, ndgmdn — 80%. 068 gbboy@n azomgs Laggag@oiom 3gomeodo — 5
@y 500bndbgds d3bgmadn, 1 @My — MIgmda. Im3g3mm Hganmbdn 068gbboyEn a3sm3gdo 1dg@9-
bo@ 80b0dbgds 39a9@9(300L 3G 3gMomedn (VI-VII). Gmame(y sbgoego, Mggombda gssmsgda
bbgowabbgs 0b@qbbomdac bszdomm bdoMns. 380&mA, Labmgmm-bedgn@mbgm MmENMgda g3o6bsgmom-
09800 oM (33 gm0, dmb@bgmmo, damBgmmo ©s Lbgs gnm@nEmgdo bagnmmgdgb boswsgol qbom
QbOMb39mymBal (3053630960988, dmMBygs 2-3-xqM). IMsgzombemnsbo Mm@ MMgdal dmbagemals dg-
bomhbgdabocmngol 30bobdgbmbamns 1-2-x a6 boswsgolb dm™bygs [3, 4, 5].

Lod(3bg-xo356g00L Mgaombdn Loggagdoom 3gMomedn azsomazgdo dmbammebgmos Lbgswsabbgs
0b6@gbbomdom (3bFamo 1). Jonsb dBmbado (dmtgmadn, sbamznbgdn) byb@o agemgzgdo ymggmbmoy-
o 50330603905, odze 36 (3, 0bg bdoGow Ladmsmms. domomdmnsb bmbsda (sbaomdomadn) byyb@o
5 badgomm ggomggdo 5335600 bogmagdos (sbamdomadn). s dggbgds 0b@gbboyd ggomasl, ogo
©55304boMgdnmos dbmemme gMhobgm dmMgmaddo, 1360dzbgmm Loowom (0.2 emy) sbamzabgdo o
sbamdomaddo. (somzgnm Bmgddo, 0689bbomEa g3om3980L smdsmmdolb bLodndmmgds dombdg d(z0Mgs.
dogbgoogom 530bs, bmgmob dgumbgmdal L3gzoomnb@gdds, BgMdgMmgdds s 3gMdm bLgd@memal do-
Bondmgdgmds 306gdds byb@o, Ladysmm 068 gbbonMn ©s 0b6GgbbanEa agemggdaobogsb abmgzgzal
30bboom, LogoMmms RodGMMb 36939630 mo0, dgmom@szommo mmbobdngdgda, Moms doommb gomab-
&0Mgdmo dmbagamo.

Joonmalb Mgaombdo ggomggdo, Hmam@s bmgmol 3gu@mbgmdobamgals sMsbgmbayfgmo dmgmg-
bo, Loggag@oEom 3gfomedo ymgzgmbemom@amss Imbommmbgmo, Lbgosabbgs 6@ gbbomdom. o ab-
393L Lobmgemm-bedgnE@bgm 3mmEM7dol dmbogmalb sMbgdom 3gd (306 9dslb. dMsgembmoy® 398 gm-
AMEma09© ©533003900ms IMbs(3939d0b bogdggmdy, dmygsebamas g3omz056mdal mgms Mosbga,
»dom 3gMomedo ((3bGomo 1).

(3660m0Esb Bommaw Rsbl, GmI Jzgdm Jomommdn goMosdbol Msombol dobgogno 1000 3 Lodsc-
939 LYLEO s Ladysmm ab@qbboyMa azomzgdo ymzggmbmonMam 033060390, M3(3d sMal g3~
0b3939, B35 068)96LoME a3om3s(3 90b0dbgds, badysmme 4 mY. smbodbymo Lodsemmol Dgz0m
1500 3-30g bogm 3ol Gonmbals dobgogom, bLnbEo gzomas 5060d6gds 6 Mg, 35363 3ol o6 dgydemns
s@bgdomn Basbo noygbmb bmggmal 3gnMmbgmdsl. 853sbosdg, byb@n s Ladysmm gzsmggdal 343~
ob3g35dn, 1000 3 Lodommgdmyg, aoMbGnMgdymoa dmbsogmal dgbsMhybgdabasmazal sm30mgdgmos bo-
bevggEm-badgn@bgm 3mEGMMdob 399 boswagal dmEMBygs 3-4-xqM, 3mE0gz5(309-398b309Mgds.
65(3 9996905 3MogomBmnsb JmEMgdl, dsmn ImEmbygs Logomms 1-2-x 96 [6].

dos Jofmmoal Ggaombdo dg@&gmBmmmann®o ©s3306M39d5m dobomgdals sbamnba a30h396930,
M3 33539, Mmam(z sMdbgmbsoy@gmo dmgmgbs, mamddob ymggmbmonmaw dmbommobgmos Lbgs-
obbgs 0b@gblbomdom. ngo 3ob3nmmdgdymoas 3ogMol LoddMamom, bszdomm domamo Jogmal &qd3g-
M@ Mgdoom (25°C s 39@0), 3ogcab &gbnsbmdal wggao@om (3033 s 3g@n) s Jomab Lok dscno 6-
8 3/63. (3bMomowsb 1 Rsbl, Mm3 gmMab Msombol dobgozom LubGo s Ladmsmm ab@gbbomdal ggsm-
3980 ymzgmbmon@em o0 33063985 100%. Lyb@n gzoma3qdo boggag@oom 3gMomedn sn330M39ds
bodmomme 40-x 96, Lodnsmm azemzgdo — 14-¢q9M, 068 gbboyMo azemazs dgo00a96L 65%, demng® nb-
&9bbogmo — 10%. bws 500060dbmb, Hm3 Hganmbdo 068 gbboyHo azomzgda doMomssew dmbammuby-
0 39398930006 y39madg 3bgm 3gomedo (VII-VIII). 3sdsbowsdyg, Mgaombdo ggomggda stz oy nd-
30000885, 353dmM30bsMy odgsb Labmgmm-badgymbgm 3nmEnMgdo, 3obbsznmegdom gHmbmasby-
30, 3(30mgdgmos dMMb3gmymgzamo ogmb boswsgol §gboo (Bnssegol dmmBygs 2-3-%x96, 3@ o-
35(300-35%3b30969ds), bremm 8Ms35mbmnsbo 3mm@nEmgdol dmmbygs dgodmads 1-2-%96.
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bgImombadbmmo azomgol bogmmbggdol Mobzob dgbedomgdmaw g3m3gbogdymas dgdwgan
mbobdngdgdols go@omgds:

1. g3om300b0 Ga0mbob @@ oMo asdm 33mg398ab Ro@omgds s smbadbyma g4b@Madsmyma dma-
b0l dmbo@mmMaban dob gobdamgdobmab ©s35330Mgd0m; ymggmo Lobmgmm-badgn@mbgm Mggo-
mbol, Dmbobs s J39bmbol saMm3mads@ Mo MgbaMbgdol g@omma dgbbogmes; azemgal
a6 dgmga00560 (bgbmbyFn) 3Gmabmbamgdalb dgmmegdol LEMmYymMBs s ©33s390.

2. Logomomggmmb 3oMmmdgdobomgnlb ggomasgseddmyg, dsmomadmbegmnsbo, @ssgomgdgdobs s dogbgd-
m9dob bobsomdmgg 0dnbnEo x0dqgdol dgJdbs. sbndbyyma mz0bgdqdol godmbaogmagbae dgbbsg-
moo bs 0gbsl saommdmogo x0dgd0b 39698 03M0 3m@Ggbznsmoa, Mo dgbadmgdgmlb gob-
0l og0nbogl 3mads@ne (33mmomadgdmsb dgamgdol ¢batmo.

3. ogbmd@mnbgal LEMmo sbgMags, Moz ImbLBaL 8603369mmM356 3GIMBMgdgdlL: o) Boswsgal Bysem-
dommago 30b989d0b godxmdgbgdacm bymal Hgby@Lbgdal g3gmbmaan® bofmggal, Mo 1bH6-
39mymab a38m30L Modqbody d93(30M9d5L; ) I(3960Ggms @o83500989d0l, 853698madobs o
LoMgg9mgdals aog3M(39mgdal 360d369mmzgeb dg3(30619dsb, o3 806034353y dged (30698l 3g@mdo-
(300900bs @ 35bB03000980L godmygbgdob.

4. s@bgdygmo LombBysgo LoLEGgdalb Mg3mbLEMMI(30s, Fobo gogmsMmommagds, Bymab bszmgdn bomggal
30bb0o ©ob3z035d0m0 s B3gom3zo60 Im@mbYz0L Bgmmeadol Gomome ©sbgMags.

5. 439460l 3305056 Moombyddo Jombogstno dmmagdobs s dobom®mbazog0o Gyob 3s5L0ggdol smwag-
bo-godgbgde.
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IMPACT OF DROUGHTS ON THE AGRICULTURAL SECTOR
OF THE EASTERN GEORGIA REGIONS

Meladze M., Meladze G., Kapanadze N., Pipia M.

Abstract. For agriculture, drought is an unfavorable meteorological event, which has a various effect on the growth
and development of plants and their productivity. The article discusses the indicators of droughts in the vegetative
period for the regions of Eastern Georgia (types of droughts, average number of drought days). Measures to be taken to
reduce the risk of drought threats are given as a recommendation.

Key words: drought, agroculture, vegetation period.
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LOIMBIBbM3®IdM 3060L 60HHIGISOL
00950903 bd33636 [ 633(MBIFIGON

*domgsmadgama 3., *33305d30ma 3., *LbgbaM 5., *bobyGsadgzama ».

*05069 xogobodgocmol bobgenmdol oxdaemabols bobgmdbogm wboggmbodgdn
*698m3999680b 3m33s60s ,396 390"

3bm§s309. 3o gdmb o335 bogmeo3bmgt gdm bombgbgdoom adnbdwm gdnbsgob, Moz Mgoemam bog@mmb gl
@360l gsc9dmb, bodmgsomgdol ymggmo 6gg60lb bodGmbsgn mbos nymb s a3s339mm Romacmgddo y59-
o s@sdnobobsmgol. 65dmmPn omgoemobbobgdms 8obolb Logmassbmamgdm bomBgbgdolb mGoemodsznob,
o3 8ogbg 6omhgbol Lobomggdenm 3Gmoafdom gomsd3930b dgbodengdmmdslb odmggs. Gobol bsmhgbgdol
©3 698m(398968580b 35D5Dg Jomgdmerns sboemo bLoddgbgderm Joboemgdo. ombadbmemon dobomgdobsmgal go-
dmzoemo 0gbs: bgoendmaborgds, bodB o9 8omb30Dg o 3dd30Dg, o@39B00dy, Bgred0mdg gobobgze
®o gogol Fm, 306 9 300b ©FG™.

bog396dm bngyzgda: 698m(3999680, ggmmmgons, Jodns

gl 56 5®bLdmL dbmgmomdn abgomn Jggysbs, HmBgmbsg oM odglb bamhgbgdall Jomzsbmsb
5393906 9dmmo 3MmMdmgdgdo. gsbbsznmmgdom o 4399469330, Lows odcogn swsdasba (3bmga-
ML, Bmamg baymeszbmgmgdm, obggg bedmgbggmm baMhgbgdo MbsdMoDM Fobid@odgdl smbasb.
bogogbaymagmado 03039896 30bal Ly 33omE OE FIMNOMBL, 5806dMF7dgb boswsgl, 8&dmbggmmbs o
Bymal Mgby@bgdl, Mo(3, oM dgdmbggzedn, Lbgosobbgs osgemgdgdabs ©s gdnwgdngdal asdmabgg-
30 30Dgbos. dgbodadabow, Jbmymomb LgnMogds BoMRgbadol ommgabmab LEmG0 Boamds, Mams
M0dM030 3MMmgds d030mb 33300006, JndzoMmn Fobobo bLoymas3bmzMgdm, orm Lobsmdmm BomRgbg-
30l 39330619005, boMRgbgdal gosddaggds ammobbdmdlb dgmEsewmn bogmgdal §gdbmmmaon® ©sd«-
do3900b o bbgs 3MmEnddob domgdslb. dnbo dmsgsmn ¢3oMs@gbmds byomgmmabs o GgbyMmLgdab
3mb3sMgdol 533069055, MoEasb bpgds ¢339 9MLbgdnmo bogmal sdndsggds. dmge Mog gzGm3m
939469830 306mbIgdemmds sg8mEgdmmgdl 93Mm39330M0b dmJomsdqqdl bamBgbgda mosbamobbmb 7
B0350: dmm8abo, 3mygom, Jomamwo, 80bs, 3mmabGdobo, gmmown ©s bab bs3gmmds. batRgbgdals do6-
®30b bobBgdnlb obgMagzs Mg a5dmbggzoLbmabas s 3ogdnfgdmmo, asbbsnmmgdom 3o gsobgome-
9050 439969330, Lows(s dgbadadal EMbydyg 96 360l gobgomomgdymoa bombgbgdalb dgaMmmggdol Lob-
8939, 356bsznMgdoo 30 bLmgmawe, Mol gsdmz 3Magamo s©sd0sbn bogogh bgmmabanmon 3mbymdac
bogogboymgmgddo, 80nbstgqgddn ob bgmdgdda ymMab. bomRgbgdo aoMgdmb ednbdymgdal 360336gmm-
396 Byommb Bomdmorggbgb. 6s6Rgbgdol ,dm3mMgds” yzgmodg bdoMew 3smn3bogozbaymgmbdy ,ao-
©34M00" bgds. 83 bogsgboyMgmgddg dso 3936056 s 3060l ggboo gaMmeggb. 0ddbgds dmedgdwon-
mgds, ®m3 bomhgbgdo ,a0dMs". ogad gb sbg o6 oMol — d0bob 393 odomyma BoMRgbgdo YoMe-
mE 5o Rsbl, 0mMgd3gsmgdmb 33mogss 9b0sbgdl, s mab bszdomm LgMombymow: baMhgbgdol
boboo m3gds o35@3mbggMmmdn Lbgsabbgs 3o36g s0Mgdl aodm3ygmeyl. bathRgbgddn Rogmbagl Bgo-
3ol bysmo, Gm3gmog bomhgbgddndsmbgdmmo 85369 bogmngMmgdgdoom dabduMmmagds. 3o 3memngmbo
©03606d9FMgdmmo bagnmodbymagdal 3mammzggdal LobGgdnm Logsbggdme semdmFzomn 56 >6Mab,3s-
b0bdc9d99mo 63030L bysemo Ladmemm xs3dn g@mbE L Bymgdl, o6 3nbsMggdbiddggmgzs ©s dom
LyPEMbBNE ©E06dYMgdal 06393L. 3MLYdMIL NomMgbaw daMan3basmAgbgdo, Mmdmagda(y bogozbay-
Mgdn domdge bgms, sbmanmgdal 3sbdamby nbMBLgds s dogmoa 83 3gFomeal 3s5bdambdy 3ogMb
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5 bymgdlb 0d0bdy@gdL. Rzgbo 30bsbn aygm dgammggdmmo 30balb bomBgbgdalb s bydm(3gdgb@al go-
3myqbgdoom sbomo 1Lsd3g6gdemm Fobammgdal Bomgds [1-10]. Jobolb bomAgbgdalb go8myqgbgdoo bogds Le-
4mxzo3bmgcgdm bomhgbgdolb mBomadsz0s, Moz d9bgdol gzmmmann® goxebbomgdol nb3q3L. sembad-
byema doboemagda gobbbgoegqdmmas Lbgs sbommggdnbagsb Lonnogom, dnmgdol Ggdbmemmaanal bLodem G n-
30, 303MmMmMa560dIgdobowdn 3aMoEmdoo s 3obnbmdl yzgms 03 mebsdgommagg Immbmgbal, Mm-
dgma(s, bogygbgds Laddgbgdmm Fobomgdl. 6adndgdol dm3bswgds oMmesadnma 3Gmzgbos, ngo dmo-
(393L Lbgoabbgs 0baMmywngb@gdal dgcggel Rzgmmgdfng 3mb@gnbg@mdn, baomsbbo damdsmgmdl bm-
6530, 080LEs Bobgez0m, 01 Medgbos Bmbs, begds dodbgmal sGRggs. 530l dgdama brgds nbamgmo-
968980L 396935 o aodm(z@s. GndonMon Mg393@900 dmasasb (39896@0L, J30dob o 3358 gdmyg-
30l BoMgaL. sbomo Mg393@9d0 boMmdmowagbl dggmo Mg393@&9dob 3oMns(309dL, brgds 3m33mbybdg-
30l MamEgbmdal dg(33ms, 3Gm(396@ Mmoo bamgdal g(33ems, 0bgMggb@&gdolb dg33mes. LadBybsMme
0bgM909b6@&qdo s Mg393@gd0 bogmdgMmzom LooMdmms. 0bgMgngb@&qdolb sbmbgs Lbgoabbgs Lob-
bmegddy. B396L Bogm 8m3Dogdemn aym sbamn 6adndgda, sdobomzalb ©o3535@ g0 @oGdz0mma dabs
bbgoEabbgs 3Mm(396@ Mmoo Momgbmdnm. 3nbal ©sds@gds dmbrs d30dal batxdg. dabs 358 gdmn
0dbs 1, 3 @5 5 %. 60330 mz00bbmMgdawo ns@s 3ol dgdmbzgzsdn CN68 LB sboomEma asdms 1 b4-
o0l d98ga oMab 24,5/24,563. dggagdo dm3gdnmos 1 3bGomdn. ¢3909b0 dggagdos domgdmma do-
bob 358930l dgdmbgggedn. yzgmsdy goMaon dgogan domgdamos 3% d0bol ©s358gdolb dgdmbggge-
do. 39093980 3m(393mos (3bGoda. (3bGoem-2 -do 30 dm393m0s 3060l BoMRgBadaL dabobdy Bnmgdy-

mo 69dm(3989680b godm(3000L dggaqdo.

abMaema 1 (Ceresit CN68 mgnmboggmamgdswn 6sfgsza)

603xdo mmb3o, 835 319930,330 a5dms(Bm) MY dgbsbzol
3060’)6360
CN68 1,74 7,2 24,5/24,5 1,3 1 23°C/50%
&9bosbmds
5,17 18,4 28 23°C/50%
&9b0sbmdo
CN68+ 5% 806> 1,7 7,5 23/231,3 1 23°C/50%
&9bosbmds
4,8 18,3 28 23°C/50%
&9bosbmds
CN68+ 3% 806> 1,7 8,1 23,5/23,5 1 23°C/50%
&9bosbmds
5,25 19,2 28 23°C/50%
&9b0sbmdo
CN68+ 1% 306> 1,7 7,7 24/23,5 1 23°C/50%
&9bosbmds
5,0 18,8 28 23°C/50%
&9bosbmds

gbGoemo 2 (Ceresit CM11 plus 653m3739680)

60dwdn >039bos &gb@&oMgdals g dgbsbgals 3nmdgdo
(bEobsOGMma  dgomen EN
306mdgd0n),d3s 12004-
2:2012/2018
CMI11 plus 1,07 28 23°C/50%
&gbosbmds
23°C/50%
$9b0sbmds
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CM11 plus + 1% 806 1,1 28 23°C/50%

CM11 plus + 3% 806 1,1 28 23°C/50%

CM11 plus +5% 8060 1,2 28 23°C/50%

&9bosbmds
23°C/50%
&9bosbmds

&gbosbmds
23°C/50%
&9b0sbmds

&9b0sbmds
23°C/50%
$gb0sbmds
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CONSTRUCTION ADHESIVE CEMENT BASED ON HOUSEHOLD GLASS WASTE

Markarashvili E., Papiashvili K., Snesar A., Khakhutaishvili A.

Abstract. Protection of the environment from household waste pollution, which poses a real threat to the environment,

should be the concern of every member of the society and within certain limits for all people. The bachelor's thesis

considered the utilization of glass household waste, which provides the opportunity to turn harmful waste into a useful

product. New construction materials are obtained on the basis of glass waste and adhesive cements. The following

materials were tested: water absorption, bending and bending strength, adhesion, surface liquefaction and cutting time,

correction time.

Key words: adhesive cement, ecology, chemistry
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3bm§o309. 73060b 3690 Eemgddo oo yamewmgds gdaze bomdmgdobs s boygmas3bmamgdm bsmhgbgdob
30dmygbgdob 3memod g oo 383mD0Bgdol dobomgds. docmn godmygbgds dgodemgds Gmgmei (s (3039, 0bg
dmengosomgdaemo boboor. sbgzy dgbsdemgdgmns godmygbgdaemo 0fbgb Hmgme 3 dgdogbgdaemo. Fggbo bo-
Jndosmb dndsbl dgeggbms g3mgbooumo gobobs s bsgmessbmagmgdm G9b0bol 656F96930L 305Dy 3md-
3mboGogmo dobomgdol dmdbowgds s dosomn mgabgdgdol dgbbsgems. sembodbmemn sbomgdobomgal gsdm s-
@oemo 0g6s: ysendmobomgds, bodd jozg 3ommb3oDy o Jmddgsdyg, s3gbosdy.

Lygge6dm Logygzgdn: Bgdm, Mgbabs, 3MI3MDaGa

Logmozondob dgd(339m0 bog@mmgdol 1dg@&qgbmds oEgdomawe (33mol 3m33mbosogmo dobamgdals
®30b9d93b. 39Mg0 Babogm-3545b03Mo s Ggdbmmmaantn mzobgdgdol asdm g3miboosbymo go-
Lgdo oBommE g53maygbgds bbgowsbbgs Lobal dobomgdals Bobamgdse, MdmIgmgy bydmgdsw, 3ma3m-
Bo@gdow, MmImgdaz IMdomdgb 94bEMgdemnE 3ommdgdda [1-10].

93m4Lo@o gabal, Mgdabgdol BoMAgbadobs s gomomboenzs@nl dsbadg domgdmmos 3m33mbo-
900, O™MImgdLaz Rom@ommsm GgbBoMgds. sEggbormn ngbs 3M33mMboEgdol Lod@znzalb drmgemo s
d0bo 3m3ngdamgds Mmams Ggdabol baMRgbal d93(339mmdady, abg dobo gmombomogs@oom dm-
©0g30(306985%g. bob.1 IOEgdal bobosmal Babggnm o9 308Lggmgdm, dgadmagds asdmomggel sdMo,
9b0bal bomhgbgdal dngfm 93mdLoy® Babdy oyMEbmdoo domgdmmo 3m33mba@gdal Lodd3o(30L
Bgmob go000g80b dgbobgd dg8s3Lgdmal go6339mmo 3mMb(396@Ms(309d0bsmzab. Bobabdy Im(39d4emo
bodo IO gHNIS6g0nbogsb goblbbzogogds Mmamm(z mz0bmdMagaw, nbgy MomegbmdMogsw. dofMggmn
30 dg9badadgds bLod@ ool bzl edm3nEgdymgdsl sMedmmagn30Mgdemn Mgbabymo bomRg-
69d0b dg3(339mmdoDdy. gb 3Gmn babnsmgds Gotomm dogbodmdom, sz Loymggmmemm (36mdoen ©s-
3m300gdmmgdsl —,,3m33mbaBgdol bLod@ 3039 — 39853Lgdmol 3MB(39bG Mo (30" goobowgds.

365dmEng0(30Mgdnma MHgbobolb bsMAgbgdol 8533390 3M33mMDnBgdal 3gdsbogmdo Ladd 3039
354b0dm3L >Mb3L FgsMgdom ©sdsma dgd(z3gmmdabel (10-20%) 85306, MmEgbsz goombomozs@om
(3-5%) 3mmognnmgdnmo Mgbobol BomBgbo dgbadsdabo 3mb(396@Ma(30980L MML 8603369mm3ba
BOEoL 3MI3MbaBolb dgdsbogn LodGgoEgb s dogLadnaAL sbs(33mgdL Mgbabal boMRgbgdal Jomamo
d93(339mdabo3gb (3mmgdo 2 s 3), Mo 3Mod@ngnmom 3603369mm3s6 dgmgasm dgodmads Rsnmge-
mmb — O3 gxcm g8 abgGsma® d9ds3bgdgmb dgo3o3L d3mmodg@mma 3m33mbadn, door MRG™ ©s-
domos dobo ;mgomemomgdnmagds. dg@ow magabgdamns 3Gon 3, Mm3gmbay Rzgblb dogm smgdmm ©osds-
Bmbdo gfmo dodbodndn smBmsohbos d5do3Lgdgmal dgmemgdom adar 3mb(396@Ma(3098Dy, bmemm o-
Mo 3mb(396@Ma(3098by 3B Mo dgbyzg@omns 0dab godm, Mm3 dgdazbgdgmals domamo 3g3(339mdabs
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9060l 636R76930b 93 (339mm>Dg sG3TMEogazaMgdnma (1), Imagoiamgdyma 3% (2) s
5% (3) gmombomozs@no 60dndgdabsmgab.

3600930l bobosmoEsb gsd3mdnbamg BzMHommabdgMmboymo Mgbobol LodnMoggdob Gbzbomn
3603369mm3ba dMoal 35Lgdal L3 336N39L S ndogEEMMYYma dab bodsgmgl dgbadsdabo 3mb-
(3968530980l 393339 3M33MD0Ggdmab dgamgdom. gobbomyma 3m33mba@gdals g40bogn®
030bgd98%y 360d369mmzeb bgaszmgbsls sbgbl dmmagnzs@mmo — gmombomogzsdo. boemmdbe-
b0 bog@mon, MmIgmog asbmoggdmos Mgbabal doM(33madol dgosdomdg, soddoycgdl 3
1 3960b369mb ©s sgama© dgbadmgdgmos, HmMI 3M33mMDbaEgdal 0gMmImwsdndsggdol 3MmzgLbdn
goombomo3s@ds 83930 394d36sL (bmgogGmo sd@omcn ganxob dmbsbomgmdom) 3m3m3mmadg-
60l 353MmM3mmg3mgdmab, dgo3bmb 3mmndgmal demmyzgdl dmmal sMbgdama bosGogmggdo
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Logom goddo BMEESE 3M33MDboGal 3gdobazn® Lodgogb gbodadal sMsdmmagazoMgdmm
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a50m@ d03MmmbEON]&nMgdal 3o539350Mgdsb, gMm3sbgmmsb 3ogdocdn dgmyn, oy o>Modymego
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336M0a00 aEagbomons, Mmd gonmbomogs@n 3m33mbo@l Mol npOmEmdymmdsl 4-
®9® 10% 3893(339emmdabols, 83ommgdlb aomdomagdol &qd3gGe@nmob s dgdsbozm® Laddgosgb.
503 960m0s, Hm3 d933L9d0lb HgDabab baMAgbgdal dmmogn(306gds 3% ©s 5% gornembomo s@om
M9D0bal 6oMARgbgdol aoM33gmm 3mb396@Mo(3098g 06393L 3M33mDbaB ol 3gdobozntn LodEd go-
0L gobMEL. 93 odm3nEgdnmgdal IMMEL goshbns do4Lbodydn, MmBgma(z gonmgdom smgde-
g0 3Md3mEogo30Mgdamo Ggbabob bomRgbgdoo dg3bgdmem 3mI3MboEL. bohggbgdos, Gm3 5%
900mbomo s oo dmeognnfgdymo Mgdabol 6oMRgbgdol 533390 3mM33mMboGab Lodd ool
354b0d3n 360d369mmzbo omgds@gds 3% dmmogn30Mgdmma Mgbobalb badRgbgdol 393339
3m33mDaBob bod@zoz0b 8594L0dM3L s yzgms 3MI3mbado, Mm3gma(z 3g0(393L goamobos@om
5393539599 Mgbabal bomhgbgdl babosmegds oMmmumdymmdaom.
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10 0 0 0 1.1252
20 0 0.08 0.12 1.2332
40 0 0.14 0.36 1.2546
10 3 0.053 0.108 1.2198
10 5 0.032 0.100 1.2341
20 3 0.062 0.116 1.2455
30 5 0.072 0.266 1.2678
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COMPOSITES BASED ON EPOXY RESIN AND RUBBER WASTE
Markarashvili E., Bazgadze Z., G., Chikvaidze 1., Sidamonidze N., Snesar A.

Abstract. In recent years, much attention has been paid to the use of production and household waste to obtain polymer
composites. They can be used both separately and in a modified form. It can also be used as a filler. The purpose of our
work was to prepare composite materials based on epoxy resin and household rubber waste and to study their proper-
ties. The following materials were tested: water absorption, bending and bending strength, adhesion.

Key words: glue, rubber, composite
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bobomgolb — ,emgmbommnBob® gogemgbs boogemdobs boswognb bomobbmdmag 8oh35698emgd%g, 8sbmsmob
»6doalb® G80emmdol gmgdgb&ue dgoggboemmdsedy o dob dmbegemnsbmdsdy. emgmbsfodol 99398 mmm-
3ab dgbbsgems bogdmms Gormen NPK-bobajomsb oo NHNO;-0006 dgmot gdno. 54b39608968 memo dmbos3989-
3ol bogmdszgemdg woggbocrns, Gmd emgmbs@ndol dgBsobol 3060568y boowagolb PH 608G snamamab
Josbermgdmeos (PH 6.56), boeom bogmom 3adaboo (5.34%) s sDm@oor (0.60%) 506 mb39cmgmaaols bomab-
bo — doomos. mgmbsGn§n donwamns gemgdgbdgdno: Ca, Mg, P, Fe, Cu, Zn, Mn. emgmbstndol dgde-
60b 30605689, 8% gdmo@ go0dsMmms boowogdo dsmmgmgdgbdgdob — gmbamab, zoerizomdob, jo-
modol, dogbondol, & j0b60b, obggg oHmgemgdgbBgdol — 8sb6356mdnl, ormonal s binemgbdol dgd339c0m-
3o, Mo(3 bnowogol sgmmdodonmo mgobgdgdol gowdxmdgbgdsdg dommomgdl. obs;mmgonGo 306mbdmdny-
@935 godmogggms mgmbstndol dg§sboor sbosfnb ,mbdonb” Hdammmddn, oy godmabsgs bgdmombnd-
bagemn gemgdg68 980l 3mb 3968 o300L do@gdsdn, Lbgs gomnsbBgdmob dgwsigdom. cmgmbatmndal dg§sbol
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KM 009358 96mo Bmbob 30605680.
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353mx0830L dggas aoMEsgdborm moabo@lb (mogbodn — dgms bobdamal Labgbbgomdss, Gm3gmoas
dg0(393L 60-75% B5630Mdob). ,mgmbsGndn® Mdawmo, d36MBynbszn (330mobgdfa dabgFmsemmowmons (do-
bgFommoa@o — d9bgdMngn dysmn bogmngmMagds, 3nbabgdMa, 3mmadgmama bLEGYJEnEab). mgmbsmmo-
80056 bom3mgdymon 3MmEdE o BoM3managbl gbzamabgdm dobol o6 BgMam 333 ©0sdg@ ol dmys-
30bgOM-3530 BgMal a@Mobnmgdlb s dom 04gbgdgb MMasbm-8obgMarm@a Labdalb baboom. ,mgmbam-
©00b” Ladsmgdo go3M(39mgdgmns 5d3-do, 306500530, 53LEMsmnsdn, MHnbgmdn, bs3mgdsw-myydgo-
do, badg@mdbgmdn, Gonmsbodo. ,mgmbomnd L 8madmggdgb 3mms babdamal Lodomgdal bgws gg-
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3oL o 83sb bLBNs6 dobo dmygzmmgdol Bomamoa dmmgznmaca dsboo (>2500), badHm3gmbs (1000-
3007) ©d BHMEOHRmb (500-2500) dgstgdoo [6, 10].
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[8, 12]. ngo dgbadmygdgmoas asdmgaygbma yzgms Godob boswsgbs s 3(39656Mgqddyg. 935Lmsb, mgmbam-
00l dgMgzs dgbadmgdgmoas yzgms Labolb a@mobmmomgdmm babydmsb. ngo Bomdmowagbl domzsde-
m0DoGMAL s (3969093 dombBodmms@mmb [13].

dogybgoszem 030bs, M3 ,mmgmbameo@ob” dmdmggdoma Lodymdamagdo s dabo gogM(3gmmads dbmes-
mom d5baMdy 99@0Mae d0dnbaMgmdl, RxgMxgMmdom do0b(y o6 3M0b dogdbodsmnFom Mm3@ndsemyy-
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mb bgemol 3gn@mbgmdado. sgamal s38mbmdnn& Mabddmosdn 3o o3 dodsMornmgdom 33mmg3gdo o6
st0b gobbmM309mgdmmo, domgdg@glb gb mMasbm-dobgmaommo Labyydo 3Mog@ogmew o6 godmaygby-
35 Azgblb bmgemals dgEbgmdada. LEmMMgE 3 g@ow oG omMmads bogznmbds gobsdnmmds Azgbo 0b@g-
9b0 s 33gmmds dobo gg8gd@&nEmmdal dgbbsogmabowdn sgatnl Bocmgmnbs boswsggdol 3nfmmdgddo.

33emg30b 30%56b Bomdmaaqbos ,mgmbommo@olb”, Bmams sbama momdal Lobmdalb gozmgbals
dgbBagms Boomgmdnbs bossogol baMobbmdmog 3sh39690mgddyg, 356aMnb ,96d0nb” Jodon& dgdsco-
396emdabo s 30b dmbagmnobmdody. sbgzg 9db3gH0dgb@mma dmba(3939d0l gosbamabgdals Logyyd-
39Dy, wmgmbomeo@ob” Imgdgegdol 989&MMmdal dgasbgds-dgmemgds Moy NPK-Lobndmasb (s-
dmgzgmbgs) o 38mboydnl ggomgamabomsb dgosmgdoo.

33emg30b 3dm(35693b Bo63moaqbos bomgmdnbs boswsgol doMomawo bamabbmdmoga dohggbgd-
mgdab dggobgds, bomgmdnbs boswsgalb dmE0gmgdgb@ Mo s6smobo s 3obsmab 1bdanl Mdoemm-
30l gmgdgb@mmn dgoaqbormmds 3sbbodmgGmmo MM gowsda: Labydgdalb dg@obsdwg s Labyydgdol
dg@obob dg3ga; 356003606 ,630¢L* dmbogmosbmdolb dgisbgds; ,mgmbo®madnlb” dg@sbolb guqd&w-
Amdob dgamgds sdmgmbgabomsb s 8dmboyydol g35Mxnmabmseb 3ndsfmmgdsedn. 3gemgzal mdngddo
0gm om0l o/ bmegz.amGasdgqdol bomgm8obs boswaggdn, MHm3gmbgs a0d9b9dmmoas 3sbsGnb ,mb-

dogb” dao s 0dymazgds bazgmo bs3ggomo.

399dmygbgdemn dgommgdo: Loggmyg (3, GoGMNdgEMYma sbomabo, 3mobIYMa 5@mIYH-930-
bogMo b3gd@MmmBgGEMma sbomaba [1, 2, 9].

3389 0smm-§9460396 35B5b BoM3moagbrs: domy8ob dmms Mybogogmol Lobgmdbogm

160396b0BgGb sgMeGMma s 3533M3bmmo &qdbmmmangdal 0bbEodE 0L sgMmJodanl, sbsemady-
0 Jodoob, 3emsd3Mn s@mBn& gdabom@a b3gd&MmIgEMnnl Medm@ms@mmagdo.

339300 3993 gde
l. 60019em3nbs bnssgnb doMmomswn basmabbmdmngn 35639698 mgdab dgoob9ds.

boggmyg (308 MgmbomEnd ol g89d&Mmmdal gsdmzesdy oygbgdamo 0dbs 20226. bme. gmmas-
dggddo, bomgm3dnbs bosaggddyg, 3obomab ,6dogb” 4393. sgotado bamgmdnbgdo gogzM(3gmadymoas

b30b ©mboesb 80-sb 2003-3g Lodommgdg. ©MB0bsbEo LabmGmmmeEbsdgnMbym FMmENMgdo,
m3madoz Im3gsgom 83 boswaagddyg, sGob — (308MMLgdo, Gubam, mbomo, oxbs, gMMbrmasbo joem-
&cgdo [3]. bLogogmo bszzgmo @osymgamos 3 30M0b@ o, mommgme 356056830 dgwal 6 doMa by.
b990L dmMal dobdamo Jgoagbl 3 3-b, Mogmadmmabgdaz — 33-b, 569y bo3ggmal ©og9ad30 FoMs 3o-
LydMos 3%x33. (30l oygbgdal 3oMmggm Bgmb Boswsegqddo LagMomm gmbal dgddbol dobbom, yzgme
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3560068 dg  dg@obomo ogdbs Gormema NPK  bLobaydo (s8mggmbgs — NH4)SO4+(NH4),HPO4+K,SO4;
N:P:K=16:16:16%); 2023-202466. 3g-2 0o 39-3 3561056@893bg dImbrs Labadqgdaol d9@96s dgdgan bg-
doo: 2. NPK+NH4NO3 (N 34.4%); 3. NPK+ ,mgmbomndo”. babydgdaol d98ebs brgdmes 35680l dm-
mmb, doomn 3dg8amB8n Rsombgboo Boswsada. Lobmdgdob My — 250 gc/datdy. B396L ng& dgdgbocemo
0d6s og@mdama BoMIMImdal ,mgmbofpa@n® (Humic+ Fulvic acid — 40%, pH 5-7). boisgm 653390009
50 gdmo 0465 bosagol 603dgda 0-40 L3 Loe@m3gdyg, MmamE(z Laby]gdal dg@obsdwyg, sbggg dg@e-
6ol 993098 o Bnosoggdda gobabsdmgms bmgogmoma sgdmjodonma dshggbgdgmo ©s JodayGo gmg-
396@gd0. babyydgdal 9@ 9653 bossggdal Mgsdns agm bybEn 3gegs, bmmm LagMmm 393bom s
bogBom sDmEGoo dOMB3gmymzzel bocabbo — Lodnsmm (gbMoemoa 1). Labydgdol dg@ebol dq3ga
mgmboMmn@ ol 39M056@Dg boswsgnl Mgsdzos gobos byo@Memn@mmsb dosbemmadaema (pH 6,56) bm-
mm bag®om 3m3nboom (5,34%) o sbm@om (0,60%) adGMbggmymenl boscobbo — dowsma. bogom
SBvmG oo NbONDb39mymGal bomabbo s8smms 39-2 3560568 by (5 -0,58%.

3bMoma 1. badesggdalb dmangFmmn sgmmgndayma dshzgbgdgma

Labeydgdab 358565309
Ne go@0s6go 60393ab pH %
3mgdab H,0 3J@ona bagFMom LagFHom

Loem®@3dg,b3 95430 3939ba sdm@o
1 |[NPK (33mgmb3s)-mba 0-40 5.45 | Lyb@o dgege 4.34 0.31
2 |NPK-gmban 0-40 5.48 | Lyb@o 8gago 4.35 0,32
3 |NPK-gmbo 0-40 5.85 | Lyb@o 3gogs 4.37 0.32

Labeyggdab 398960b I53a3
1 |NPK-gmbo 0-40 5.24 | Lyb@o 8gogos 4.52 0.50
2 |NPK+NH,NO, 0-40 536 | Legb@o Byogs 473 0.52
3 |NPK+mgmbstpago 0-40 6.56 | bgo@m.dosb. 5.64 0.60
<3-msMndo <0.3-msM0do
986 9639mmygmanb bsmabba 3-5 =bsdwnseme | 0.3-0.5 — bsd=senm
>5 —donpsmn >0.5-3nmsmn

R39bL Bog® aobLodmgEnmo 0dbs mgmbaMmmo@al Jodoyma dgoagbormmds dob Bymosb gsd8mbe-
b@da 3emobInEn 58mInE-93nbonmo L3gd@MmIg@Mmono ICPE-9820-%g. smanbrs, Hmd mgmbstmwmo-
B0 3Mod@ngmmae o dgoiesb 658Mmodl s bomozonadl, bmmm do3Mmgmgdgb@gdnwsb — As, Be,
Ba,Cd, Co, Cr, Hg, Li, Pb, Sb, Se, Ti, V-s. ds360mgmg3d96@&q60056 mambatmndo dnmatmas 3oemzomdom,
gomondom, dogboyydom, dgmefgdoo bs3zmgdsm M30boom s BmbgmMom. dnzMmgmgdgb@gdowsb ngo
903936 m0sl, b3amgbdl, dm@L, IMmNdwgbL, 3obasbnal s ¢360d369emm® bo3gmb ((3bG0ea 2).

GbGMoma 2. mgmbsMeaGab gmgdgb@uMan dgoagbammds

3336myeg39bBgdo da/33
mgmbafiodab Al Ca Fe K Mg Na P Si
(Byensba 55 5200 538.2 1150 1860 ] 489.0 | -
328mbabyfn 3036myemg368730 da/3a
1:3) B Ni Cu Mn Mo Zn
0.599 0.0576 | 2.276 0215 0266 | 5.65
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ll. 6000gemdnbs bossgnb dnmGogemgdgb§ama sbsemndo Lsbedgdab dg8s653 g
©5 d9§s60b d3d393

Bosagal bymnsbo godmbsby@mals dnm@ngmgdgb@mma sbommabal dgwgagdds shggbs, Bm3d 3s36m-
993968980056 — 30658 gbmds gbnggds Al-b s Ca-b. dg3ga dmenb Si, Mg K, Fe. boswogqdo o6 3g-
0(39396 bo@M0nal, 564y of (056 ©d0(3Mgdymo. 303MmMgmadnbgdnwsb boswagn oM dgo(sogl: As,
Cd, Hg, Pb, Sb, Se, Ti, Be, Co, Li, Mo, V. oogons 33060 Gomm@gbmdoo oogodbomos 3g-3 3060068 by
(GbMoma 3). Labydgdol 398960l dgdmga 353MmMgmadnb@gdowsb 3oMggm s dgmMyg 35M056E 0Dy
3603369mm3bo aonbomes Al-ob, K-ob o P-ob 3mb(396@®s (309, Bo3mgdem — Ca-ob, s Mg. mgmbam-
0080l d98960L 3560568 Dy, boswsgdo 3mds@gdqmoas P-abs, Ca-ob, K-ob, Mg-ob dg3(339mmds, Gocs bo-
0@sg0lb sgMmjodonma mgobgdgdolb gondxgmdgbgdsdy doymamgdl. 803Mmgmadnb@gdnseb mgmbam-
©0@0b dg&obals 3oMns6@ by boswsgda gondsms Mn-ab, Zn-ob Cu-ob s B-ob 393(339mmds, Mooasbs(s
09350 mgmbomn@n dgo39300 88 gmgd56@gdL (3bMoeman 4).

3bMoma 3. bossagdol Bymnsbn 33dmbsbyMab InmEogmgdgbE o sbsemada

05360mgmgd9gbBHgdol d99;339¢ mds 0—40 13 g9bsdo, 0p/3p
350036¢ 0 Labwydgdal 398565309
Al Ca Fe K Mg Na P Si
NPK-gmbo 75.56 43.7 2.530 4.02 5.82 - 2.53 12.3
NPK-gmbo 78.1 40.2 2.650 4312 4.58 - 2.45 11.7
NPK-gmbo 77.05 45.0 2.828 4.15 5.28 - 3.24 12.4
Lsbegdgdab d58560b dg3waa
NPK-gmbo 95.56 46.2 4.45 269.0 6.10 - 283.0 13.2
NPK+NH,NO; 92.10 54.6 5.69 284.0 7.13 - 278.4 14.9
NPK+mqmbs@mngon 82.30 758.0 7.98 502.6 67.0 - 336.0 12.7

GbGoma 4. badsagdal Bymnsbn 33dmbsbyMab InmEogmgdgbgycn sbsmabda

d03Mmgmgdgb@gdol 899339 mds 0—40 LA B9bsdo, /3y
Labeydgdal 39856530y
35005630 5

B Ba Ni Cu Mn Mo Cr Zn
NPK-gmbo 0.0911 0.0021 0.0106 | 0.0157 0.0295 0.118 | 0.0041 -
NPK-gmbo 0.0378 | 0.0017 0.0087 | 0.0169 0.0362 0.105 | 0.0028 -
NPK-gmbo 0.0494 | 0.0019 0.0107 | 0.0191 0.0423 0.168 | 0.0015 -

Labwydgdab d98560b 33393

NPK-gmbo 0.0514 | 0.00238 | 0.0108 0.087 1.073 0.126 | 0.00142 -
NPK+NH,NO; 0.0363 | 0.00284 | 0.0091 0.079 1.091 0.116 | 0.00152 -
NPK+mgmbs@eaga | 0.0861 | 0.00234 | 0.0108 1.84 0.104 0.179 | 0.00131 | 1.34
bog 0,5 0,0025 4.0 3,0 5.0 0,35 3.0 4.5

. 3356056106 ,,96d09b“ M3oemmdab gemgdgbB o dgrggbnenmds s dmbsgemnsbmds

B396L dogm sbggg ho@oMmgdema 0gbs 3sbmemnb ,96dnnb” Mdnmmdals 3B 0gmgdgb@cn sbsoo-
bo, GEM3gmdsg ohggbs, MM mgmbomn@ ol 358 sbom dobomnbals Mdommmddn 3s3Mmgmgdgb@gdowsb
©55304boMgdmmoas Ca-ob, K-ob, P-ob, @8 Mg-ob 3mb396@&Mo300b dFMs. 8030mgmgdgb@gdnsb mgm-
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bom@n@ ol dg@obol goMnsb@ by, Lbzs 3060568 gdmeb dgmsmgdom, ogojbomws Cu-ob, Mn-ob, Zn-ob

©5 B-ob. 3mb(396@®s(300b 358)gds 356056060L Maemmddo ((3bFma 5).

3bMoma 5. 356sMmabalb Mdammmdab 3ymEBogmgdgbdyMa s6smada Labedqdab 38960l 3931a.

05360990963 9d0b 3993390 ™ds, /39
35A036¢0 Al Ca Fe K Mg Na P Si
NPK-gmba 6.55 1.93 1.531 144 1.04 - 148 5.3
NPK+NH4NO; 4.38 2.37 1.54 188 2.14 - 102 6.1
NPK+mqmbs@mngon 2.36 301 2.831 269 12.9 - 165 3.6
d03mmygdgh@gdol 899339 mds, 09/3
B Ba Ni Cu Mn Mo Cr Zn
NPK-gmbo 0.0235 - 0.0013 0.0121 0.0453 0.0043 - -
NPK+NH,NO; 0.016 - 0.0014 0.01574 0.0341 0.0037 - -
NPK+mgmbsMeago 0.013 - 0.0027 0.192 0.052 0.00943 - 0.124

Laozgm 653390y dmbogmal smgds ©s smMn3bzs brgdmms bmgddmal dmemmb-g39386nl ©o-

Lobyabdo. omgdmmo Jggagdom oaNbes, MMI mMgmbsmn@ob dg@sbol 3oM0sbE0 Imbsegmasbm-

oo 1,58-%96 5009358 gdm©s 9dmbogydal azoG ool 9@ obal 306056@)L ©s 2,45-x 96 sx0gds@gdmas

BmMbob 306056@L. 535bmsb, BbBAMNMMAAL dobgroznm s Bagmyal Bm3gdol dobgmzams(s, 3gbadg 3o-

00b@0 go30mgdom bgmdos 30Mzgm s JgmMg 3060568 gdL ((3bMowmo 6).

3bMoa 6. 3563606 963dovyl Imbsgsma 336056§730b Jabgogznm, 2024 6.

35605680 dmbagsma, 33
NPK-gmbon 129.40
NPK+NH;NO; 200.40
NPK+mgmbsMeago 316.60

©3b336s

1.
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mMadsbm-3nbgMamama babmdob — ,mgmbsdmad ol gugd@&nmmdal gsdmzwsd bomgmdabs boswos-
390bg 356606 , 630" 4399 5h3965, HM3 Boswaanlb Mgodzns s dobo DmangMon sacmJodag-
&0 3ohg9bgdgma (bogMom 39dqbo, bogMom sbm@n) gondxmdgbos, Mo Bomgmdabs boswsgal
bogma0g6gdol batmnbbob sdsmmgdsbdy dommomgdb.

mgmMbaMmn@ ol 398 0b0m, bossadn 3mds@gdemas gmbgmmab, 3omoydals, 3omovdol s dogbo-
«dals 3mb(396@Mao(309, sbagzg Azgbotabomgal dg@ow s9)30madgmn dogMmgmgdgbdgdab-dsbgsbyy-
dob, ogmoob, b3nmgbdolb s dmMalb 3mMb396@Mo(300.

mgmbs®n@ oL d58960L 3060568 Dy Fobmamnbol Mdommddo oxodboMms 3om(30mdal, Fomoayy-
3oL, gmbgmmab, gobMoomo d93(339mmds, brmem do3Mmgmgdgb@gdnsb — bdnmgbdal s mmmo-
ob 3mb396@mao300L oG gde.

mgmba®n@olb dg@&sbol gom0sbGo dmbagmosbmdom 1,58-¢qM 50gds@gdmes sdmbaydol ggocgo-
ol 3g@obol s 2,45-x96 — gmbol 35M056@L. 835Lbmsb, smbadbymo 35M056G0 asdmaMBgmes
3Lb3MEsMMbab s Bogmazol Dm3gdal Jobggoma(s.
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THE EFFECT OF THE NEW GENERATION FERTILIZER “LEONARDITE”
ON THE CHEMICAL COMPOSITION OF RED SOIL AND MANDARIN “UNSHIU”

Kiknadze N., Davitadze L., Tavdgiridze G., Kuchava M., Gogitidze T.

Abstract. In the field test set in Gorgadze, Adjara autonomous republic village, the influence of new generation
fertilizer — “Leonardite” on the quality indicators of the red soil, on the elemental composition of mandarin “Unshiu”
pulp and its yield was studied. The effectiveness of Leonardite was studied in comparison with complex NPK-fertilizer
and NH/NO;. Based on the experimental data, it is established that the pH of the soil, on the option of adding
Leonardite, is close to neutral (pH 6.56), and the quality of provision with total humus (5.34%) and nitrogen (0.60%) is
high. Leonardite is rich in elements: Ca, Mg, P, Fe, Cu, Zn, Mn. On the option of adding Leonardite, the content of
macroelements — phosphorus, calcium, potassium, magnesium, iron, as well as microelements — manganese, zinc and
copper in the soil has reliably increased, which indicates the improvement of agrochemical properties of the soil.
Analogous regularity was revealed by the inclusion of leonardite in Mandarin “Unshiu” pulp, which was manifested in
an increase in the concentration of the above-mentioned elements, compared to other options. The leonardite variant in
terms of harvest 1.58 times bigger than the ammonium nitrate variant and 2.45 times bigger than the background

variant.

Keywords: Leonardite; Red soil; Analysis; Unshiu; Qualitative Indicators.

87
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9030 330L 8IS OIHOIWIEOVH BI6IAN BIF3IGIOIGHOL 3IT0L
LOBINL 306 (MdIdBI 3d3EdEMBIT(MB3NL HNBL3NMN 363(M33TI3Y
8300b ©0653030L GNOBL3NMO 3MPITOL 303(MYI6IdN0)

**¥*339633bgm0s ©., *0939§M>330m0 .

*0g. gogobodgomol bobgemmdols odomobols bobgmdbogm mbnggmbodgdob
3. bm@osl bobgmmdolb ggmanbdo ol 0bbGodmGn, mdaemabo, bogstoggmm
**30b6gb0bs @5 §gg6memmangdolb mboggmbodgdn, mdaenaba. bagommggemm

sbm@aszns. dmgdmer bGoGnsdn Fzg60 Godsbos, dmzob nbsdojob 3-356dmPnmgdosbn smdob JobdGoedab

Mo(3b30000 dmogmol godmygbgdoo gsdmazozzeromor dogo drmgob dgos @umdmemgbdmmno ggbob &99396 0@ w-
mob 390l dgmdbmdgenmds bobyobo 3ommdgdol (33emnengdgdols Godomor. 38 dnBboor dmegemn b zombo-

©98b 2 6emols gobdogmmdodn s Lobynl 98o3dg dobdo 0ba(zosemobomgdamemos Deognl dobobosmygdgemo 3o s-
396 g80b bodmsenm Emommo bodaemom gdmema Gmbas (399980, brenm g Bemol 8969 bbb gob ommdowm o3@m-
Js@ms godmnygbgds gmobemnsbo 0b@gamomgdobol docmgdmemo wg399360b Smemm ol dmbs(sgdgdo.
Fmam 3 00b560b ;mz0lb dogoemomdy Bs@omgdmends 33em9359 563969, §gd3gMoBmmol 39emda bobyobo 3ofmm-
3980b Hmemo dgbodhbgzom dz0Mmmgds ©nbsdogodn. 88s3g @Mmmb, ©g399860b dmbs398580L 5385w
aomgomnbbnbgds dmmgmdo, Gmdgemory godmombggs bgbdbmbamo oogobgdamgdgdoom, 860d369emmaboc
d@ ol 89939608 umab 390l boobemmggl 3m3g66030b bodmgom bgmagobol 8mbo 398 98cmab.

boggebdm bngyzgda: Lobyobo 3ommdgdo, 3MmodoGomemo gob§mmpgdsms bobBgds, Gobgoomn dmagemo,
&I YgbB gm0 Bgbo.

1. 303mbaggs

dnemm smbmgmgddo, gemdamuMo EomdmMdabs s 3modsdob (33momgdol gmbdy, Lodmgem
LobEgdadn, dogmo Mogo domabbdgzom onbgMmas Drgol @Nbsdnzob 5x3bgM Masbznm dmEgmgddy
©55399dbgdmmo, dmzabs ©d m3gebol GabozymMo dpamdsmgmdal 3o63bsdm3Mgmo s330M3980bs o
36Mmabmbomgdal bobBgdgdo. dmbgdMngns 0gnzg og@&ozmdgdo dggbm dog demgzsol, MmIgmda(y 83¢s3s0
3M39Mb030L Ladmgom gs6g3mb mbo@mmabgol Lob@gds (CMEMS) 53464 (30mbotgdl ¢bygg@ocw [1].

Mmam@ (3 (36mdomos, m3gMmsGoym Mgynddo dmddgmn 3s30 bmzalb ©nbsdoznb dmwgmgdda [1, 2]
20a0mmMdM0g0 s bodgmog o bgmbobymgdom godmdoma 3mbsa(3939d0lb sbndamassns brgds Lbge-
obbgs gaMaszommo bggdgd0lb godmygbgdoom. Mbs nmggzsl, MHmd drgal Lobyobol damdstmmdals dg-
bodadabo (Brg0b bgdal, oMamnsbmdabs s &g3539Ma@Malb 39mgdab) 3-356DmBomgdnsbo (5093-
o 360d369mmmd930L abaznamadszos Imegmdn s 3e330Mgdmmos dogm Moy Ggdbmmmgoy®
LodbymggdmMsb. sbgm AML MgomNEMSb Sbemmb LodymaMgdnmo dgogagdolb Lobyolb doMmdso nbo-
(300m0bd(300 ImEgmdn Jgbadmgdmmdalb g35dmaab gsbzobomme s dgzogebmm bemgzsdn d0dwnbaty
36Mm(39L9d0b (33m0mgdgdo bgdobdngfn MHmamo Bsbgmao .

dm398m LEVG0do, Be3zalb ©06s3n 30l 3-356DmBomgdnsbo sbal Jobd@edol Gobzocmn dmeg-
ol (58-63) [3] 30DoDy, dg30LBs3m0m dogo brgal Dgws GNMENmgbE M Bgbsdn Ggd3gMmadmmalb ggmal
(330emg393L  9FBrNsbo EMHmomn 0bGgMmgomom — mfo bbgoabbzs Labyobo 30MmMgdol dgbodsdaba.
50b0dbymon dmEgmo, obgzg mamEz dobo domomo gamhgzsmdal Mgaombomeymo m3gMad oo
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NUMERICAL INVESTIGATION OF SENSITIVITY OF THE TEMPERATURE FIELD TO
INITIAL CONDITIONS IN THE UPPER TURBULENT LAYER OF THE BLACK SEA
USING THE NUMERICAL MODEL OF THE SEA DYNAMICS

Kvaratskhelia D., Demetrashvili D.

Abstract. In this paper, our goal is to investigate of the upper turbulent layer temperature field sensitivity on the initial
conditions variability using a 3-dimensional basin-scale numerical model of sea dynamics. For this purpose, the model
operates for 2 years. At the initial stage, the average annual simulated data of the sea characteristics are initialized in
it, but after one year, the data of the last day of December obtained during one-year integration are used as the initial
condition, automatically .

As the numerical studies on the example of the January showed, in the temperature field the role of initial conditions is
reduced noticeably in dynamics. At the same time, the December data automatic consideration in the model, which is
distinguished by seasonal features significantly increases proximity of the temperature field to the Copernicus Naval
Service datas.

Key words: Initial condition, Primitive Equations System, Numerical Modeling, Turbulent Layer
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Monitoring and Short-Term Forecasting Systems for European Seas

Demetrashvili D.

Abstract. The article briefly reviews some European marine monitoring and forecasting systems based on the use of

modern numerical models of ocean dynamics. Significant attention is focused on the Black Sea monitoring and

forecasting system, one of the components of which is a high-resolution regional forecasting system for the Georgian

sector of the Black Sea and the surrounding water area. The core of the regional forecasting system is the baroclinic

model of the Black Sea dynamics of M. Nodia Institute of Geophysics. Some calculation results are given.

Key words: forecasting system, Mediterranean Sea, system of equations, flow field.
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DROUGHT EVALUATION IN GEORGIA USING SPI AND SpEI INDICES
Tatishvili M., Kapanadze N., Mkurnalidze 1., Palavandishvili A.

Institute of Hydrometeorology of Georgian Technical University, Georgia
m.tatishvili@gtu.ge

Abstract. Drought is a frequent phenomenon in Georgia. Its frequency in some areas exceeded 40% in the 80-ies of
the last century by certain early estimates. As a result of frequent droughts accompanying the global warming in
past decades transformation of many types of natural landscapes has been observed. In study Pearson correlation
coefficient (PCC), determination coefficient (Rz), and root mean square error (RMSE) criteria, which are among the
strong statistical criteria, were used. In order to compare drought indices, scatter diagrams of indices were drawn
and statistically evaluated. For this, R® and the RSME were used. Correlation between data sets is a measure of how
well they are related. SPEI/SPI indices reflect complex mosaic character of Georgian climate change.

Kkey words. Drought indices, Pearson correlation, climate change Nature Based Solutions.

Introduction

Economic and other losses from natural disasters are increasing throughout the world. According to the
International Disaster Database (EM-DAT), over the last 70 years, hydro-meteorological disasters have
shown the fastest rate of increase of all disaster types. In parallel, technological capabilities to manage such
disasters have advanced rapidly.

Hydro-meteorological hazards such as severe floods, storm surges, landslides, avalanches, hail, wind-
storms, droughts, etc. are expected become more frequent and severe due to climate change, degradation of
ecosystems, population growth and urbanization [1,9]. Drought is a climatic event that cannot be prevented,
but interventions and preparedness to drought can help to: (i) be better prepared to cope with drought; (ii)
develop more resilient ecosystems (iii) improve resilience to recover from drought; and (iv) mitigate the
impacts of droughts. Preparedness strategies to drought include: (a) geographical shifts of agricultural
systems; (b) climate-proofing rainfall-based systems; (c) making irrigated systems more efficient; (d)
expanding the intermediate rainfed-irrigated systems [2,3].

Using these statistical indicators, one can characterize the timing, frequency, intensity, duration and
types of droughts which are helpful for planning, designing and maintenance of NBS for droughts (e.g. soil
and water conservation measures, water harvesting ponds). Measures: Increasing soil infiltration, potentially
reducing surface runoff, by free-draining soil, planting floodplain or riverside woods, reducing water flow
connectivity by interrupting surface flows, by planting buffer strips of grass and trees. Seeding of deep
rooting plants, enhancement of biodiversity, filtration strategies to reduce eutrophication and preserve water
quality. Promote practices to reduce water usage, promoting alternative crops.

Below are listed various drought indices that are used worldwide [4].

Snowpack extent and snow water equivalent (SWE) are other important variables in Northern Europe
and in mountainous regions. Snow contributes to water availability over the year also over far away wide
regions that draw water from snow reservoirs.

Drought indicators based on soil water content, such as the Drought Observatories Soil Moisture Index
Anomaly (SMA), the Drought Severity Index (DSI), or the Palmer Drought Severity Index (PDSI), aim to
characterize the risks of plant water stress.
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Indicators of hydrological drought, such as the European Drought Observatories Low-Flow Index (LFI),
are usually based on threshold approaches to quantify the volume of water deficit in rivers and reservoirs.
Combined indicators blend several physical indicators into one high-level indicator of hazard (e.g.,

European Drought Observatories Combined Drought Indicator).

e Soil Moisture Anomaly (SMA): This indicator measures anomalies of daily soil moisture (water)
content, and is used to estimate agricultural drought conditions.

e Anomaly of Vegetation Condition (FAPAR Anomaly): This indicator quantifies anomalies of satellite
measured FAPAR (Fraction of Absorbed Photosynthetically Active Radiation) and is used to highlight
areas of relative vegetation stress due to drought.

e Low-Flow Index (LFIL, only available for Europe): This indicator s used for near real-time monitoring
of hydrological streamflow drought at European scale. LFI is derived from daily river discharge outputs
produced by the JRC hydrological rainfall-runoff model (LISFLOOD) within the Copernicus EMS
European Flood Awareness System. The indicator is useful to monitor hydrological drought.

e Heat and Cold Wave Index (HCWI): This indicator is used to detect and characterize positive and
negative extreme temperature anomalies (heatwaves as well as warm and cold spells) and is based on
daily minimum and maximum temperatures.

e Combined Drought Indicator (CDI; only for Europe): This indicator integrates information on ano-
malies of precipitation, soil moisture and satellite-measured vegetation conditions, into a discrete classi-
fication index. CDI is used to monitor the onset of agricultural drought, its evolution in time and space,
and the recovery phase.

e Risk of Drought Impact for Agriculture (RDrI-Agri; only on Global Drought Observatory): This
is a categorized risk index, indicating the probability of having impacts from drought, with particular
focus on vegetation. The RDrl-Agri combines hazard, exposure (in terms of total population, livelihood
and assets), vulnerability (i.e., the propensity of exposed elements to suffer adverse drought-induced
effects). The hazard is expressed as the combination of precipitation anomaly (SPI), anomaly of photo-
synthetic activity (fAPAR) and soil moisture anomalies.

e Indicator for Forecasting Unusually Wet and Dry Conditions: This indicator provides an early
warning of unusually wet and dry cumulative periods forecasted over the next 1-, 3-, and 6-months in
Europe (EDO) and the world (GDO). The indicator is derived from the statistical analysis of predicted
Standardized Precipitation Index values (SPI-1, SPI-3, and SPI-6), calculated from the forecast of
precipitation given by the ECMWF seasonal forecasting system (SEASS5). Only regions where an
unusual wet or dry period (i.e., meeting a threshold SPI value) is forecasted with sufficient robustness
(i.e., 40% of forecast members meet the threshold) are indicated. Levels of the indicator correspond to
the return period of the forecast intensity and coherence.

e The short-term MIDI combines the Palmer Drought Severity Index (PDSI), Z-Index, 1-month Standar-
dized Precipitation Index (SPI), and 3-month SPI to approximate drought impacts from changes in
precipitation and moisture over a short-term timeframe.

The long-term MIDI combines PDSI, Z-Index, and 6-month, 1-year, 2-year, and 5-year SPI to to appro-
ximate drought impacts from changes in precipitation and moisture over a long-term timeframe.

Data and method

The standardized indices SPI and SPEI classify the precipitation and water balance anomalies with
respect to the long term records. The index values directly indicate how frequent the current situation is
expected to occur at the location and season of interest given the long term observations. The SPI
(standardized precipitation index) classifies the precipitation sums on a particular date with respect to the
sums of the same month in all years of the measurement record [5,6]. For this purpose, the precipitation sums
of the whole record within one month around the respective date are transformed into a standard normal
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distribution around zero. The SPI is nothing else than these transformed precipitation sums. The SPI value
hence directly indicates the frequency of the observed precipitation amount in the corresponding month as
estimated from the whole observation record. The SPEI (standardized precipitation evapotranspiration index)
is calculated in analogy to the SPI, using the cumulative water balance instead of precipitation sums. The
SPEI hence represents the standard-normal distributed water balance.

The 1991-2020 year period meteorological observation data of the stations, that had continuous and
homogenous series have been used.

AS it is evident from Table 1 correlation coefficient is high between inter-station all draught indices and
is low between different stations. That can be explained by station elevation and heterogeneous type of
precipitation. Thus draught indices are depended on site elevation and parameters involved in calculation,
namely precipitation.

Draught indices of all stations for research 1991-2020 period are presented on charts (Fig.1-3).

Table 1. Inter and between stations Pearson correlation of draught SPEI-SPI (3,6,12 months)
indices of for 1991-2020 period’

Ele Pearson Pearson Pearson Ele Pearson Pearson Pearson
Station (m‘)" SPI3- SPI6- SPI12- | Station (m;' SPI3- SPI6- SPI12-
SPEI3 SPEI6 SPEI12 SPEI3 SPEI6 SPEI12
Telavi 586 0.951749 | 0.943172 | 0.928499 | Thilisi 431 0.925437 | 0.903093 | 0.873974
Akhaltsikhe | 989 0.921328 | 0.900248 | 0.866863 | Telavi/Gori 0.475601 | 0.484241 | 0.53356
Akhaltsikhe/
Ambrolauri 544 0.960683 | 0.956609 | 0.960253 st e. 0.509075 | 0.492155 | 0.503413
Mta-Sabueti
Gori 602 0.898262 | 0.867283 | 0.808437 | Thilisi/Kutaisi 0.314346 | 0.337496 | 0.443787
Mta- Thilisi/
. 0.977971 | 0.980275 | 0.979545 . 0.300097 | 0.314582 | 0.433386
Sabueti Mta-Sabueti
Pasanauri 1070 0.97667 0.965895 | 0.944941 | Bolnisi/Pasanauri 0.242862 | 0.157741 | 0.262271
Thilisi/
Poti 1| 0982357 | 0986272 | 0.987388 | -V 0.430081 | 0.389833 | 0.433268
Akhaltsikhe
Kutaisi 113 0.980448 | 0.977414 | 0.978158
3 3
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Fig.3. Gori draught SPEI3 (blue),6(red),12(green) indies.
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Discussion

In study Pearson correlation coefficient (PCC), determination coefficient (R?), and root mean square
error (RMSE) criteria, which are among the strong statistical criteria, were used. R? ranges from 0 to 1, with
higher values indicating less error variance. The RMSE is the square root of the variance of the residuals. It
indicates the absolute fit of two data set and lower the RMSE the better performance is [7,8].

In order to compare drought indices, scatter diagrams of indices were drawn and statistically evaluated.
For this, R* and the RSME were used. Correlation between data sets is a measure of how well they are
related. The most common measure of correlation in stats is the Pearson Correlation. It shows the linear
relationship between two sets of data (3month) PCC, which shows linear relationship between SPI-SPEI is
quite high, while in cases of SPI-EDI, especially for Dedoplistskaro, Gori and Telavi and SPEI-EDI, Dedop-
listskaro, Telavi is low.

RMSE (SPI-SPEI) is low especially for Khashuri and Telavi; (12month) PCC for SPI-SPEI is high R” is
low for all stations. RMSE (SPI-SPEI) is low which means perfect fitting (Tab.1). The strongest relationship
was observed among the indices in the same time periods. As time lag increases, the relationship between
variables has been weakened.

It’s interesting to count drought and wet day ratio at each stations. For Akhaltsikhe point wet day num-
ber exceeds drought one, severe drought day is approximately 3 and moderate- 50. At Gori station wet day
number slightly exceeds drought day number, severe drought day equals 1 and moderate-60. At Telavi point
drought day number greatly exceeds wet day number, severe drought day equals 5 and moderate-58. At
Thilisi point drought day number exceeds wet day one; severe drought day is 4 and moderate-62. At Kutaisi
station wet day number exceeds drought one, severe drought day is 5 and moderate-55. At Mta-Sabueti both
day types are approximately equal, severe drought day is 5 and moderate-54.

Conclusions

The drought indices are good indicators for climate change, as involved temperature and humidity
variations. At selected research period 1991-2020 the drought SPEI, SPI indices for different stations show
various tendencies. For this short time scale the slope of the trend lines are generally lower. The SPEI3 large
fluctuations indicate on its sensitivity towards short-time precipitation and SPEI6 is sensitive to wet-dry
periods fluctuation. The drought indices behavior is as follows: At Akhaltsikhe station all SPEI indices don’t
show any decreasing/increasing tendency while all SPI ones are increasing. At Ambrolauri both SPEI/SPI
indices show decreasing tendency. For Bolnisi SPEI are decreasing while SPI-increased, at Pasanauri both
SPEI/SPI are decreasing, at Gori SPEI indices decreased while SPI has increasing tendency, at Mta-Sabueti
both SEI/SPI are increasing. For Poti station SPEI3 and 6 decreased while SPEI 12 increased as all SPI
indices, which indicate on precipitation decreasing. For Kutaisi all drought indices are decreasing. At Tbilisi
location except SPI6 and SPI12 all indices are decreasing that indicate that monthly precipitation are
decreasing, while water vapor evaporation increased. At Telavi station all SPEI indices have decreasing
tendency and SPI indices increasing, that indicates on precipitation amount increasing. Thus SPEI/SPI
indices reflect complex mosaic character of Georgian climate change.
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Abstract: Results of a statistical analysis of the weekly fire alerts count (FAC) in Georgia and its regions for
2012-2023 are presented. In particular, the following results were obtained. The highest average annual FAC
value is recorded in Kakheti (858), the lowest — in Thilisi (14). In Georgia as a whole, the average annual FAC
value is 2739. The intra-annual distribution of weekly FAC values for Georgia and its regions was studied. The
degree of linear correlation relationships between regions of Georgia on the weekly fire alerts count has been
determined.

Key Words: Fire, fire alert.

Introduction

The problem of fires, especially against the background of climate change, is relevant for many coun-
tries of the world, including Georgia [1, 2]. In Georgia, work on determining the Angstrom fire index was
carried out for the cities of Tbilisi, Kutaisi and Telavi [3-6]. In work [7], a comparative analysis of the
Angstrom fire index was carried out for Telavi and Nalchik, and in work [8] — for Tbilisi and Kislovodsk. In
work [9], the results of a statistical analysis of daily and monthly values of the total number of fire alarms in
Georgia for 2012-2020 are presented.

This study is a continuation of previous works. Results of a statistical analysis of the weekly fire alerts
count in Georgia and its regions for 2012-2023 are presented below.

Study area, material and methods

Study area is Georgia and its regions. The following abbreviations are used below: Abkhazeti (Abkh);
Adjara (Adj); Guria (Gur); Imereti (Im); Kakheti (Kakh); Kvemo Kartli (KK); Mtskheta-Mtianeti (M-M);
Racha-Lechkhumi and Kvemo Svaneti (R-L KS); Samegrelo-Zemo Svaneti (S-ZS); Samtskhe-Javakheti (S-
J); Shida Kartli (Sh K); Thilisi (Tb); Georgia (Geo).

Data of the about the weekly fire alerts count (FAC) in period 2012-2023 are used [https://www.global-
forestwatch.org/dashboards/country/GEO]. W1...WS53 — numbers of week.

The standard statistical methods are used. The following designations will be used below: Min — mini-
mal values; Max — maximal values; St Dev — standard deviation; St Err — standard error; R — coefficient of
linear correlation; o — level of significance

The degree of correlation was determined in accordance with [10]: very high correlation (0.9 <R < 1.0);
high correlation (0.7 < R < 0.9); moderate correlation (0.5 < R < 0.7); low correlation (0.3 < R< 0.5);
negligible correlation (0 <R < 0.3).

Results and discussion

Results in Fig. 1-3 and Table 1-2 are presented.
In Fig.1-3 data on intra-annual variation of the weekly fire alerts count in Georgia and its regions in
2012-2023 are presented.
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Fig. 2. Intra-annual variation of the weekly fire alerts count in 6 region of Georgia (Adj, Gur, M-M, R-L KS, S-J, Tb).
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Fig. 3. Intra-annual variation of the weekly fire alerts count in Georgia.
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As follows from these Figures, the peaks of the values of FAC in different regions of Georgia occur to
the following weeks. Fig. 1: Abkh — 58.8 and 53.8 (W10 and W46), Im — 7.3 (W6), Kakh -109.4 (W31), KK
—10.2 and 9.9 (W10 and W31), S-ZS — 18.9 (W52), Sh K — 14.1 (W35); Fig. 2: Adj —3.6 (W10), Gur — 16.7
(W49), M-M - 8.9 (W11), R-L KS — 4.8 (W46), S-J — 21.9 (W34), Tb — 1.1 (W32); Fig. 3: Geo — 143.7 and
132.8 (W10 and W31).

In Table 1 statistical characteristics of the weekly fire alerts count in Georgia and its regions are pre-
sented. In Table data about coefficients of linear correlarion between regions of Georgia on the weekly fire
alerts count are presented.

Table 1. Statistical characteristics of the weekly fire alerts count in Georgia and its regions.

Variable FAC in year Min Max Average St Dev St Err
Abkh 516 0.1 58.8 9.7 14.9 2.1
Adj 33 0.0 3.6 0.6 0.9 0.1
Gur 100 0.0 16.7 1.9 33 0.5
Im 210 1.6 7.3 4.0 1.5 0.2
Kakh 858 0.0 109.4 16.2 23.2 32
KK 249 0.1 10.2 4.7 2.4 0.3
M-M 95 0.0 8.9 1.8 1.9 0.3
R-L KS 18 0.0 4.8 0.3 0.9 0.1
S-ZS 203 0.3 18.9 3.8 4.7 0.7
S-J 99 0.0 21.9 1.9 3.5 0.5
Sh K 346 0.0 14.1 6.5 34 0.5
Tb 14 0.0 1.1 0.3 0.3 0.0
Geo 2739 5.7 143.7 51.7 31.6 4.4

Table 2. Coefficients of linear correlarion between regions of Georgia on the weekly fire alerts count.
Rpin =+0.27, 0 = 0.05.

Abkh | Adj | Gur |Im |Kakh |KK | M-M E‘SL S-zS | S |SshK |Tb | Geo

Abkh | 1
Adj | 064 | 1
Gur | 035 | 037 | 1
Im | 0.17 | 032 | 0.01 1
Kakh | -0.13 | -0.04 | -020 | -021 | 1
KK | -0.05 | 022 | -020 | 0.05 | 0.64 | 1
M-M | 045 | 046 | 0.19 | 022 | -0.15 | 0.10 | 1
R-L
KS
S-ZS | 060 | 052 | 058 | 0.03 | -022 | -0.19 | 032 | 0.17 | 1

S-J | -0.14 | -0.02 | -0.14 | 0.24 | 0.08 | 034 | 0.16 | -0.07 | -0.21 1
ShK | -0.11 | 0.14 | -0.21 | 0.25 | 0.46 | 0.84 | 0.23 | -0.10 | -0.22 | 0.55 1
Tb -0.32 | -0.20 | -0.25 | -0.08 | 0.50 | 0.50 | -0.28 | -0.18 | -0.25 | 0.13 | 0.48 1
Geo | 0.54 | 049 | 0.17 | 0.06 | 0.71 0.62 | 031 0.19 | 0.31 0.16 | 0.50 | 0.24 1

0.53 | 0.16 | 0.01 | 0.01 | -0.15 | -0.20 | 0.52 1

As follows from Table 1 average annual values of FAC change from 14 (Tb) to 858 (Kakh). In Georgia
average annual values of FAC is 2739.

Table 2 shows, that values of R change from 0.01 (negligible correlation) to 0.84 (pair KK+Sh K, high
correlation). Values of R for pairs Geo and regions of Georgia change from 0.16 (with S-J, negligible
correlation) to 0.71 (with Kakh, high correlation).
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Conclusion

In the future, we plan to continue similar studies for both Tbilisi and other regions of Georgia using more

extensive information.
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STATISTICAL CHARACTERISTICS OF MEAN MONTHLY AND
ANNUAL CONCENTRATIONS OF PARTICULATE MATTER PM2.5
AND PM10 IN TBILISI IN 2017-2023

Bliadze T., Chkhitunidze M., Kirkitadze D.

Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia
teimuraz.bliadze@gmail.com

Abstract: Results of the statistical analysis of the average monthly and annual concentrations of particulate
matter PM2.5 and PM10 at three locations in Thilisi (Kazbegi av., Tsereteli av. and Varketili) in 2017-2023 are
presented. An analysis of the correlations between the indicated characteristics of air pollution has been carried
out. The variability of the average annual values of PM2.5 and PM10 in the study period of observations was
studied. In particular, it was found that after a significant decrease in the average annual concentration of
aerosols in 2020-2021 due to restrictions on vehicle movement related to the COVID-19 pandemic, an increase in
aerosol pollution of the atmosphere has been observed in recent years. Thus, in 2023, the monitoring station on
Tsereteli Avenue fixed a record increase in PMI10 content in the air. In general, over the entire observation
period, the average annual concentration of PM2.5 and PM10 was above the permissible limit.

Key words: Atmospheric aerosols, particulate matter, PM2.5, PM10.

Introduction

Over the past four decades, the Department of Atmospheric Physics of the M. Nodia Institute of
Geophysics, TSU has been conducting various studies on atmospheric aerosols [1-12].

In particular, a comparative analysis of aerosol air pollution with PM2.5 and PM10 particles in four
Georgian settlements — Tbilisi, Batumi, Kutaisi and Rustavi — was conducted in [5,6].

A number of studies examined the impact of traffic restrictions in Tbilisi due to the COVID-19
pandemic on the level of air pollution in the air compared to the pre-pandemic period [7-10]. Particular
attention was paid to studies of the dynamics of aerosol air pollution in Tbilisi, the results of which were
constantly updated as new data became available [11,12].

This work is a continuation of previous studies. Below are the results of a statistical analysis of the
average monthly and annual concentrations of PM2.5 and PM10 particles in Tbilisi in 2017-2023.

Study area, material and methods

Study area — three locations of Tbilisi (A. Kazbegi av. — KZBG, A. Tsereteli av. — TSRT, Varketili —
VRKT). Coordinates of these locations of air pollution measurements points in [11] is presented.

The data of Georgian National Environmental Agency about the daily mean values of dust concentration
(atmospheric particulate matter — PM2.5 and PM10) [http://air.gov.ge/reports_page] that averaged on three
indicated stations are used. Period of observation: January 2017 — December 2023.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [13]. Missed data of time-series of observations were restored in the correspondence with the
standard methods.

The following designations will be used below: Min — minimal values; Max — maximal values; St Dev —
standard deviation; C, = 100-St Dev/Average, coefficient of variation (%); R coefficient of linear correlation.
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KZBG(PM2.5), KZBG(PM10) ...etc. — concentrations of particulate matter PM2.5 and PM10 on the Kazbegi
av. measurement point, etc.; Av(PM2.5) and Av(PM10) — averaged over all three stations PM2.5 and PM10.

In the correspondence with the standards of the World Health Organization maximum permissible
concentration (MPC) composes: annual mean for PM2.5 — 10 mcg/m® and for PM10 — 20 mcg/m® [14]. In
the text below, the dimension of aerosol concentration (mcg/m?) is mostly omitted.

Results and discussion

Results in Fig. 1,2 and Table 1 are presented.

In Fig. 1 and 2 time-series of mean monthly and annual values of PM2.5 and PM10 at three points in
Thilisi and their averaged values for all measurement points in 2017-2023 are presented. Table 1 provides
statistical characteristics of the data shown in Fig. 1.

—+—KZBG(PM2.5) —8—KZBG(PM10) ——TSRT(PM2.5) TSRT(PM10)
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Fig. 1. Time-series of mean monthly values of PM2.5 and PM10 at three points in Tbilisi and
their averaged values for all measurement points in 2017-2023.
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Fig. 2. Time series of mean annual values of PM2.5 and PM10 at three points in Thilisi and
their averaged values for all measurement points in 2017-2023.

106



In particular, as follows from Fig. 1 and Table 1, in 2017-2023 the range of variability for PM2.5 values
is from 0.3 (KZBG) to 43.6 (TSRT), and PM10 — from 5.4 (TSRT) to 88.1 (TSRT). The range of variability
of the average values of PM2.5 for the specified period of time is from 0.5 to 34.4, and PM10 — from 8.6 to
58.6. The highest level of air pollution with solid particles PM2.5 and PM10 is observed in TSRT (19.9 and
46.3 accordingly). The lowest level of air pollution with particulate matter PM2.5 is observed in KZBG
(14.9), and PM10 in VRKT (33.1).

In general (Table 1), the linear correlation coefficient for all studied parameters varies from 0.47 (low corre-
lation, pair VRKT(PM2.5) — TSRT(PM10)) to 0.98 (very high correlation, pair Av(PM2.5) — KZBG(PM2.5)).

Table 1. Statistical characteristics of mean monthly values of PM2.5 and PM10 in Thbilisi in 2017-2023.

Variable KZBG KZBG TSRT TSRT VRKT VRKT Av Av
(PM2.5) (PM10) (PM2.5) (PM10) (PM2.5) (PM10) (PM2.5) (PM10)
Max 32.7 61.2 43.6 88.1 393 60.1 34.4 58.6
Min 0.3 11.3 0.8 54 0.5 9.3 0.5 8.6
Average 14.9 34.8 19.9 46.3 16.3 33.1 17.0 38.1
St Dev 5.8 9.1 7.9 16.1 7.5 9.6 6.9 9.8
C,, % 38.9 26.2 394 34.7 46.2 29.0 40.4 25.8
Correlation Matrix

KZBG(PM2.5) 1 0.76 0.91 0.52 0.96 0.85 0.98 0.80
KZBG(PM10) 0.76 1 0.68 0.49 0.67 0.83 0.72 0.85
TSRT(PM2.5) 0.91 0.68 1 0.73 0.90 0.77 0.97 0.86
TSRT(PM10) 0.52 0.49 0.73 1 0.47 0.48 0.60 0.85
VRKT(PM2.5) 0.96 0.67 0.90 0.47 1 0.86 0.98 0.74
VRKT(PM10) 0.85 0.83 0.77 0.48 0.86 1 0.85 0.84
Av(PM2.5) 0.98 0.72 0.97 0.60 0.98 0.85 1 0.82
Av(PM10) 0.80 0.85 0.86 0.85 0.74 0.84 0.82 1

The R value for PM2.5 varies from 0.90 (high correlation, pair VRKT(PM2.5 — TSRT (PM2.5)) to 0.98
(very high correlation, pair Av(PM2.5) — KZBG(PM2.5)).

The R value for PM10 varies from 0.48 (low correlation, pair VRKT(PM10) — TSRT(PM10)) to 0.85
(high correlation, pair Av(PM10) — KZBG(PM2.5) and pair Av(PM10) — TSRT(PM10)).

The R value between PM2.5 and PM10 varied from 0.73 (high correlation, TSRT) to 0.86 (high
correlation, VRKT). Between Av(PM2.5) and Av(PM10) the R value is 0.79 (high correlation).

It is important to note that in 2023, the monitoring station on Tsereteli Avenue (TSRT) fixed a record
increase in PM10 content in the air (88.1 on monthly data and 63.8 on annual data, Fig. 1,2 and Table 1).
Apparently, this was connected with large-scale construction work to rehabilitate Tsereteli Avenue.

In conclusion, we note that in general, over the entire observation period, the average annual concen-
tration of PM2.5 and PM10 was above the permissible limit.

Conclusion

In the future, as new data accumulates, it is planned to continue similar studies of the variability of daily,
average monthly and average annual values of PM2.5 and PM10 in Tbilisi and another regions of Georgia.
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NUMERICAL MODELING OF CHANGES IN TIME AND SPACE
OF THE CONCENTRATION OF PM10 DISPERSED IN THE ATMOSPHERE
OF KUTAISI CITY DURING CALM

Surmava A., Kukhalashvili V., Gigauri N., Intskirveli L.

Abstract. The spread of PM10 emitted by motor vehicles is numerically modeled and analyzed in the air of c. Kutaisi in
summer during calm meteorological conditions. Images of PM10 concentration changes over time and spatial distri-
bution were obtained. It is shown that the topography of the city and the surrounding area determines the generation of
landward anticyclonic eddies of wind speed. The formed wind speed field contributes to the removal of PM10 from the
city, the process of "self-cleaning” of the atmosphere.

Key words: atmosphere, PM10, pollution, numerical modeling, concentration, silence.
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SOIL POLLUTION IN THE VICINITY OF AUTOMOBILE WORKSHOPS,
NEAR POPULATED AREAS ACROSS TBILISI

*Matiashvili S., **Changqseliani Z.

*M. Nodia Institute of Geophysics of the 1. Javakhishvili Thilisi State University, Tbilisi, Georgia
**Soil Fertility Research Service of LEPL Agricultural Scientific Research Center, Thilisi, Georgia
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Abstract. Our research concerns the radioecological issue of the soils of the automobile workshop located next to
the residential areas of Thilisi, the capital of Georgia. Specifically, soil pollution, which affects people's health.
We have done a lot of research on this issue and there is unmistakable data based on research laboratory
analysis.

Key Words: pollution, soil, automobile workshops

Introduction

The purpose of the study is to evaluate the occupational and toxicological risk of exposure to toxic
elements in the upper soil layer of automotive workshops located in residential areas.

10 composite soil samples were strategically collected in individual districts of Tbilisi and transported to
the laboratory. Using a 1 kg sample of the treated sample, namely a mixture of nitric acid and hydrochloric
acid, with an optimal molar ratio of 1:3. and toxic elements were analyzed using Atomic Absorption
Spectrometer (AAS).

The result showed the presence of arsenic (As = 0.67 — 5.63 mg/kg), cadmium (Cd = 8.92 — 134 mg/kg),
cobalt (Co = 6.21 — 71.22 mg/kg), nickel (Ni= 1 .89 — 9.18 mg/kg) and lead (Pb = 32.6 — 211 mg/kg) in the soil.
The concentrations of Cd and Pb in 66.7% and 58.3% of the sample are higher than the permissible norm.
(for Cd 22 and Pb 140 mg/kg) respectively. Contamination factors (CF) indicate very high soil contami-
nation from Cd and Pb.

A significant relationship between TEs (Pb, Cd, Co, Ni and As) p < 0.01 indicates the occurrence of
anthropogenic origin. hazard index (HI)A significant relationship between TEs (Pb, Cd, Co, Ni and As) p <
0.01 indicates the occurrence of anthropogenic origin. hazard index (HI)

The investigated topsoil is contaminated with Cd and Pb, and there is a non-tumor effect of long-term
exposure to Pb. Therefore, AWs should be moved away from residential areas, and remediation of conta-
minated soil should be considered.

Study area, material and methods

These emissions. Contains cadmium (Cd), lead (Pb), nickel (Ni) and zinc (Zn), most Pb from gasoline
and Zn from tires important sources of pollution.

In the workshops, various types of technical services are performed, quickly and easily, changing the oil
in the engine. If needed, they offer welding, spraying, electrical and auto body repair.

During service, chemicals, paints, primers and other hazardous products are often used in the work of
auto workshops. At this time, soil pollutants should be disposed of properly. Substances such as petrol,
diesel, solvents, lubricants and grease can be released unintentionally or intentionally. Terrestrial Environ-
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ment Many shale oil products consist of organic compounds that can cause high toxicity to soil, organisms,
and humans. The term "toxic elements" (TEs) refers to heavy metals, because of their nucleon number and/or
high density [1].

Fig. 1. Automobile workshops, near populated areas across Thilisi

Results

Among the TEs, Cu, Zn, Pb, Mn, Cr, Cd, Ni and Fe are the ones that should be of most concern. The
primary sources of these TE-s.

Soil is a result of various human-made activities such as urbanization, industrialization, waste disposal
and incineration, vehicle emissions, fertilizer use, mining, metal and steel processing and manufacturing, and
metallurgical processes. Numerous studies have determined that human exposure to particles can occur
through ingestion, skin contact, or inhalation. In addition to polluting the soil, massive increases in TEs in
the environment have adverse health effects impact on people. Like Zn, Cd, Pb and Cr are associated with
numerous arrays

Diseases, including neurological disorders, cardiovascular disease, hematological and bone diseases,
kidney. The aim of this study was to determine the TEs of topsoil (such as Cd, Co, Ni, and Pb) concentration
and quality Pollution. Furthermore, since the information on these TEs is It is crucial to assess the toxico-
logical risk of exposure as well. The health of workers at work was evaluated to meet others global goals.The
study of automotive workshop areas was selected based on their location, within and close to the population.
All study sites were of the same soil type (sandy-clay).

Ten composite soil samples were taken in May 2024 from ten strategically selected automotive work-
shops located within and very close to residences.

The sample was stored in labeled, hermetic polyethylene bags.All glassware used for the study was
pretreated with 5% Trioxonitrate (IV) acid (HNOj) and then cleaned with distilled water. Aqua regia was
used to treat the prepared sample. flask, which we dried in an oven at 35 °C for 15 min. I transferred 1 g of
the sample to a flask with 20 cm3 of aqua regia. The mixture is carefully stirred and then heated in a steam
hood for several hours without reference to time. Samples were cooled, filtered and diluted with deionized
water to 50 cm3. in a volumetric flask, then analyzed for TEs (As, Co, Cd, Pb and Ni) using AAS (model:
ICE3000 series).

Contamination factor (CF)

The degree of soil contamination/pollution can be assessed using various methods. The present study
adopted the contamination factor (CF), TE to assess the degree of soil contamination. The classification used
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for the degree of pollution is described as: CF <1 is low, 1 < CF < 3 is moderate, 3 < CF < 6 is significant, 6
< CF is very high.

The source of elements in the soil was estimated using Pearson's correlation. p < 0.05. Concentration of
toxic elements (TEs).

The concentration of TE in soil represented as Co, Cd, Pb and Ni from the study varies from 0.67-5.63,
6.21-71.2, 8.92-134, 32.6-211 and 1.89-9.20 mg/kg. average 3.16, 46.0, 80.0, 127 and 5.52 mg/kg.

Different types of arsenic have a significant effect on their toxicity. Absorbed and transferred into the
food chain, the inorganic forms found in the soil are dangerous, affecting living species. The highest As
concentration was observed in the sample taken from the Eliava area (5.63 mg/kg). The largest sample of Co
level was observed in the so-called Didubi. “Eliava” area. (71.3 mg/kg), (68.9 mg/kg) [2, 3].

According to the ATSDR list, cadmium (Cd) is the sixth most hazardous element. Continuous contact
with the source of infection with Cd causes cellular mutagenesis, lung and testicular damage. The highest
concentration of Cd was (134 mg/kg), followed by (122 mg/kg). The burning of petroleum fuels, plastics,
glass, electrode welding areas used by specialists, and paint on car bodies are usually sources of Cd. The
level of Cd in 66.7% of the samples was above (22 mg/kg) [4, 5].

The concentration of Pb in 58.3% of the samples was higher than (140 mg/kg).

Nickel (Ni) Nickel has several mechanisms of toxicity, including sensitizing and allergenic properties.
The highest concentration of Ni was recorded (9.18 mg/kg). Ni levels were low in 100% of samples. The
factor of contamination of TEs in the soil is present. The study revealed that the soil in the studied area has
low contamination with Ni (0.08), moderate Co (2.42) and very high Cd (265) and Pb (6.34). CF value
decreasing Cd > Pb > Co > As > Ni.
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Fig. 2. Scheme of oil seepage into the soil

Conclusion

The study estimated the number of TEs present in the upper part, Soils in and around the automotive
workshop environment, the soil is contaminated with Cd and Pb and is non-cancer relatedEffects on children
with long-term exposure to Pb. Workers' attitudes towards vehicle maintenance and repair, as well as their
carelessness and improper disposal of waste, are the main causes.
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The activities significantly contribute to soil pollution, which can leach into surface and groundwater
environments, causing adverse impacts.

Environment and adverse health effects. To prevent the spread of this hazardous element, automotive
workshops should be located away from residential areas and soil bioremediation is possible to clean up
already contaminated soil [6]

Attitudes towards vehicle maintenance and repair, as well as their carelessness and improper disposal of
waste, are the main causes. Contamination of soil that can wash off the surface and groundwater does not
enter the environment, which causes negative effects on the environment and harmful effects on health. in
order to avoid. To spread this hazardous element, automotive workshops should be located away from
residential areas and bioremediation is possible.

It is used to clean already contaminated soil.
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Abstract. This research explores an innovative approach to forecasting cosmic ray activity by integrating the
HAVOK model with machine learning algorithms. The study uses data from the Tbilisi Cosmic Rays Observatory,
spanning from 2012 to 2020. The focus is on analyzing chaotic systems, including the Lorenz and Mackey-Glass
models, to validate the HAVOK-ML method for predicting cosmic ray flux. The results demonstrate the method’s
potential to enhance space weather forecasts, with broader applications in predicting solar activity, supernovae,
gamma-ray bursts, and air quality monitoring. The model is implemented using Python, Julia, and machine learning
frameworks like Keras.

Keywords: HAVOK model, Space weather, Lorenz system, Mackey-Glass system, Chaos theory, Time series pre-
diction, Air quality, Solar activity, Supernovae, Python, Julia, Keras.

Introduction

Cosmic rays, high-energy atomic nuclei that travel through space at nearly the speed of light, provide
crucial insights into various cosmic phenomena such as supermassive black holes, exploding stars, and the
chemical and physical makeup of the universe. These rays, predominantly originating from supernova
explosions, interact with Earth's atmosphere, creating secondary particles that can be detected and analyzed.
Understanding and predicting the behavior of cosmic rays is essential for advancing our knowledge of space
weather and its impact on technology and communications. This research aims to improve cosmic ray
activity forecasts by combining the HAVOK model with machine learning algorithms. The HAVOK model
is a data-driven method that decomposes complex time series data into simpler, interpretable components,
while machine learning learns from historical data, identifies patterns, and improves forecast accuracy.
Together, these approaches provide a powerful tool for analyzing chaotic systems and enhancing the
prediction of cosmic ray behavior. The HAVOK-ML method employs the Singular Value Decomposition
(SVD) of Hankel matrices to identify dominant modes within a system, constructing a low-dimensional
model that simplifies the analysis of future states. By applying this method to well-known chaotic systems
such as the Lorenz system, the study demonstrates its effectiveness in predicting cosmic ray activity. The
data used in this research, sourced from the Tbilisi Cosmic Rays Observatory, spans from 2012 to 2020 and
includes cosmic ray interactions captured by a 9-channel detector. These data, combined with advanced
programming techniques using Python, Julia, and machine learning frameworks such as Keras, are instru-
mental in the implementation of the HAVOK-ML method

The purpose of task

The purpose of this research is to develop an enhanced method for predicting cosmic ray activity by
combining the HAVOK model with machine learning algorithms. This approach aims to improve the
accuracy of forecasts related to space weather phenomena, particularly the impact of cosmic ray flux on
Earth’s magnetic field and atmosphere. As cosmic rays interact with Earth's magnetic field, they are often
deflected, though higher-energy cosmic rays can penetrate near the magnetic poles, particularly during
periods of geomagnetic storms caused by solar flares and coronal mass ejections (CMEs). Understanding
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these interactions is crucial, as fluctuations in Earth's magnetic field over time can influence cosmic ray
penetration, impacting atmospheric chemistry, cloud formation, and climate. By analyzing chaotic systems
and utilizing data from the Tbilisi Cosmic Rays Observatory, this study seeks to demonstrate the
effectiveness of the HAVOK-ML method, with broader applications in predicting solar activity, supernovae,
geomagnetic field reversals, and their effects on space weather and air quality

Results

Our results demonstrate the successful application of the HAVOK-ML method on both the Lorenz and
Mackey-Glass time series. The predictions generated by our model align closely with the actual data,
indicating the effectiveness of this hybrid approach in predicting chaotic systems. The code for this process
was developed in Python, incorporating functions with parameters tailored for each system, including the
Lorenz and Mackey-Glass systems.

1. Lorenz System Training Data: The first figure shows the training data for the Lorenz system, with
variables X, y, and z represented in different colors. The model was trained on this data to predict the
system's future states. The consistency between the original and predicted data underscores the accuracy
of the HAVOK-ML method.

2.  Mackey-Glass Chaotic Series Training Data: The second figure illustrates the training data for the
Mackey-Glass chaotic series. This system is widely used for testing predictions in nonlinear and chaotic
systems. The HAVOK-ML method, trained on this data, successfully captured the behavior of the
system, as evidenced by the alignment between predictions and actual data.

3. Cosmic Ray Training Data: The third figure presents the cosmic ray training data, which consists of both
uncorrected and corrected cosmic ray counts. This data, collected from the Tbilisi Cosmic Rays Obser-
vatory, was used to further tailor the model for predicting cosmic ray activity. By using real-world cosmic
ray data from 2012 to 2020, we ensured that our predictions were grounded in observed phenomena.

4. HAVOK-ML Prediction of Lorenz Time Series using Cosmic Rays: The final figure showcases the
prediction of the Lorenz time series using cosmic ray data as the training set. The orange line represents the
predicted data, which aligns closely with the original data, illustrating the model’s accuracy in handling com-
plex and chaotic time series like the Lorenz system, when trained on real-world cosmic ray observations.
These results highlight the robust predictive capabilities of the HAVOK-ML method, with extensive

applications in forecasting cosmic ray flux. The model’s accuracy in predicting chaotic systems has broad

implications for space weather forecasting, including predicting the effects of cosmic rays on satellites,
astronauts, and communication systems, as well as solar activity and air quality monitoring.

Lorenz System Training Data
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Figure 1. The first figure, labeled “Lorenz System Training Data”, shows the time series of the Lorenz
system's three variables: x (blue), y (orange), and z (green). These variables represent the three-dimensional
state space of the Lorenz attractor, a well-known chaotic system often used in studies of nonlinear dynamics
and chaos theory. The graph shows how the Lorenz system exhibits deterministic chaos, where small
differences in initial conditions lead to vastly different trajectories over time. The training data from this
chaotic system is used to predict future states of the system through the HAVOK-ML method. The close
interaction of the three variables highlights the complex nature of the Lorenz system, making it an ideal
candidate for testing the predictive power of the model

The purpose of the research

The purpose of this research is to develop an enhanced method for predicting cosmic ray activity by
combining the HAVOK model with machine learning algorithms. This approach aims to improve the accuracy
of forecasts related to space weather phenomena, particularly the impact of cosmic ray flux on Earth’s magnetic
field and atmosphere. Understanding these interactions is crucial, as cosmic rays interact with Earth’s magnetic
field, are deflected, and have varying degrees of penetration based on their energy and solar activity. By ana-
lyzing chaotic systems and utilizing data from the Tbilisi Cosmic Rays Observatory, this study seeks to
demonstrate the effectiveness of the HAVOK-ML method, with broader applications in predicting solar
activity, supernovae, geomagnetic field reversals, and their effects on space weather and air quality. The data
used in this research is sourced from the Tbilisi Cosmic Rays Laboratory, which collects cosmic ray infor-
mation using a 9-channel detector system. The information gathered is processed through connected devices
and uploaded to global servers for further analysis. The current equipment is undergoing modernization, where
traditional electronics will be replaced with advanced microprocessors. Once fully upgraded, these new systems
will autonomously process data and automatically upload it to global servers, offering real-time insights. This
advanced setup ensures that the predictions are based on accurate and up-to-date cosmic ray data. The
combination of the HAVOK model with machine learning leverages this data to improve forecast accuracy,
enabling predictions of cosmic ray activity with applications in space weather, satellite safety, communication
systems, and even air quality monitoring. The ultimate goal is to create a predictive framework that helps

mitigate the effects of cosmic rays on Earth’s technological and environmental systems.

w li

_—

Fig. 1. Existing electronics, a detector with 9 channels,
from which information is sent to the computer

Electronics and software that are in the process of being updated give us a number of simplification
results. In autonomous mode, it will be possible to build graphs, upload to a global server, remote access
from any place and most importantly, it allows for future updates both in terms of software and electricity.

Summary

Cosmic rays, originating from cosmic events, influence Earth’s climate by ionizing the atmosphere and
creating cloud condensation nuclei (CCN), which affect cloud formation and temperature. These interactions
are further influenced by fluctuations in the Earth's geomagnetic field, which can modulate cosmic ray
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intensity and impact the climate over decadal timescales. Understanding the complex relationship between
cosmic rays, the geomagnetic field, and climate is crucial and requires more advanced research. To support
this research, the Tbilisi Cosmic Ray Laboratory is undergoing significant hardware and software upgrades.
These improvements will enable more accurate and autonomous data processing of cosmic ray activity,
facilitate transmission to global servers, and provide remote access for future studies. By upgrading the
laboratory’s technology, researchers aim to better analyze the interactions between cosmic rays, Earth's
magnetic field, and climate. This research seeks to develop and refine a predictive model for cosmic ray
activity by combining the HAVOK model with machine learning algorithms. The hybrid approach will
enhance the understanding of space weather phenomena and improve the accuracy of forecasting cosmic ray
flux. By applying this method to chaotic systems and utilizing data from the Tbilisi Cosmic Rays
Observatory, the study aims to demonstrate the HAVOK-ML method's practical applications in mitigating
the effects of space weather on satellites, communication systems, and air quality monitoring.
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ASTROBIOLOGICAL ASPECTS OF IONIZING RADIATION-INDUCED
COGNITIVE IMPAIRMENTS

Uchaneishvili S., Kalmakhelidze S., Avalishvili A., Ivanishvili N., Gogebashvili M.

Abstract.The article discusses the significance of the risks associated with ionizing radiation-induced cognitive
impairments for planning long-term astronaut stay projects in space. The study used a model of Gamma-irradiated
laboratory white mice (irradiation source — '¥’Cs). Cognitive parameters were evaluated using the standard method of
the Morris Water Maze. Study results show that spatial learning and memory formation is a dose-dependent process
and results vary in trained and nontrained animals. The post-radiation period showed that the storage of information is
more stable (radioresistant) than the process of acquiring new information. This finding is crucial for developing
neuroprotection measures for astronauts exposed to radiation.

Key words: gamma-irradiation, laboratory mice, cognitive performance, astrobiology.
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THE ROLE OF PHYSICAL-GEOGRAPHICAL FACTORS IN
THE SPATIO-TEMPORAL DISTRIBUTION OF CARDIOVASCULAR DISEASES

Seperteladze Z., Davitaia E., Aleksidze T., Rukhadze N.

Abstract. According to the definition of the World Health Organization, there is no such thing as a vote of confidence in
the health sector. Absence of physical and mental disabilities, non-med spiritual and social care. According to his own
assessment, the current level of household health care has decreased by 50%. It is based on the rules of health care,
20% — on genetic factors, 10% — on the health care system. on Saturdays and by 20% — on standing areas of
environment.

Human and natural environment are closely related. That's why Adam's health is the foundation of his life. Therefore,
humans and the natural environment are closely related and relevant and interesting. Acquiring knowledge about the
impact of environmental pollution on one's health, which is the third He is asking for the contribution of various
aspects.

Human and natural environment are closely related. That's why Adam's health is the foundation of his life. Therefore,
humans and the natural environment are closely related and relevant and interesting. Acquiring knowledge about the
impact of environmental pollution on one's health, which is the third He is asking for the contribution of various
aspects. It was as a result of the lack of communication between the patient and the external conditions. A new branch
of science is medical science, which studies human beings. The pathophysiological distribution of the patient and the
pathologist. It works, makes the environment healthy, works in the medical field. The methods and principles of Lee
mapping, etc. Medical-geographical research also allows us to take into account in advance the nature and
consequences of the impact of new natural-territorial complexes on the human body as a result of the transformation of
the environment.

Key words. Medical geography, Physical-geographical factors, Landscape area, State of the environment.
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VARIABILITY OF THE BIRTH, DEATH AND POPULATION
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* **Japaridze N., **,***Khazaradze K., ****Chkhitunidze M., ***Revishvili A.

*Tbilisi State Medical University, Tbilisi, Georgia
**Ministry of Internally Displaced Persons from Occupied Territories, Labour,
Health and Social Affair of Georgia, Thilisi, Georgia
***Georgian State Teaching University of Physical Education and Sport, Thilisi, Georgia
***%*Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia
njaparidze@moh.gov.ge

Abstract: The paper presents the results of statistical analysis of variability of birth, death and population growth
in Georgia in 1994-2023. The role of the COVID-19 pandemic in the deterioration of the demographic situation
during its existence (2020-2021) and in the post-COVID period (2022-2023) is shown.

Key words: Human health, birth, mortality, population growth, environment.

Introduction

For many years, the M. Nodia Institute of Geophysics of TSU, together with various medical organi-
zations, has been conducting research on the impact of various natural (astro-meteo-geophysical factors) and
anthropogenic (air pollution, photochemical smog, ozone) factors on the health of the population of Georgia
[1-3]. Over the past decade, these studies have been successfully continued, the results of which, in
particular, are published in [4-9]. During the Covid-19 pandemic, a number of works were carried out on the
statistical analysis of various components of the pandemic, including ten-day, two-week and monthly
interval forecasting of these components (infection cases, infection rate, deaths) [10,11]. In the post-COVID
period, studies of the impact of various bioclimatic indicators on the spread of this infection have begun and
will be continued [12-14]. Studies have also begun on the impact of the COVID-19 pandemic on the
demographic indicators of Georgia during the pandemic and after it.

For example, the paper [15] presents results of a statistical analysis of the variability of annual mortality
per 1000 population (M) in Georgia and its regions from 1994 to 2022. The average value of M for Georgia
in 1994-2022 is 12.6, the lowest mortality on average is observed in the Kvemo Kartli region (M = 9.4), the
highest — in Racha-Lechkhumi and Kvemo Svaneti (M = 21.5). The range of variability in annual mortality is
from 5.4 (Kvemo Kartli) to 31.1 (Racha-Lechkhumi and Kvemo Svaneti). It is shown, that the Covid-19
pandemic (2020-2021) has had a significant impact on the population mortality. In particular, during the
period with the Covid-19 pandemic compared to the period without the pandemic (1994-2019, 2022), the
average M value in Georgia increased from 12.4 to 14.9 (by 2.5 units). The smallest increase in M values
was observed in Tbilisi (from 11.4 to 13.3, by 1.8 units), the largest — in Racha-Lechkhumi and Kvemo
Svaneti (from 21.0 to 28.8, by 7.8 units). Data on the differences in average annual mortality in Georgia and
its regions for different time intervals (including taking into account the impact of Covid-19 pandemic) are
also presented.

This work is part of these studies. The results of statistical analysis of variability of birth, death and
population growth in Georgia in 1994-2023 are presented below. The role of the COVID-19 pandemic in the
deterioration of the demographic situation during its existence (2020-2021) and in the post-COVID period
(2022-2023) is shown.
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Study area, material and methods

Study area — Georgia.

Data of National Statistics Office of Georgia [https://www.geostat.ge/en] on annual birth (B), death

(D)and population growth (PG) per 1 000 population, from 1994 to 2023 is used.
In the proposed work the analysis of data is carried out with the use of the standard statistical analysis

methods [16]. The following designations will be used below: Mean — average values; Min — minimal

values; Max — maximal values; St Dev — standard deviation; R — coefficient of linear correlation; o — level of

significance.

Results and discussion

Results in Fig. 1,2 and Table are presented.

In Fig. 1 the time series of population birth, death and growth rates in Georgia from 1994 to 2023, and in

Table the statistical characteristics of these parameters are presented.

People per 1000 population
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Fig. 1. Changeability of population birth, death and growth rates in Georgia in 1994-2023.

Table 1. Statistical characteristics of population birth, death and growth rates in Georgia in 1994-2019

(Runin = 0.40, o = 0.05) and 1994-2023 (Ruin = 0.36, o = 0.05).

Years 1994-2019, Pre-Covid-19 period 1994-2023, Full period
Variable Birth Death Population growth Birth Death Population growth
Max 16.3 13.6 3.1 16.3 16.2 3.1
Min 11.3 10.4 -1.1 10.8 10.4 -3.8
Range 5.0 3.2 4.2 55 5.8 6.9
Average 13.0 12.4 0.7 12.9 12.5 0.3
St Dev 1.4 1.0 1.1 1.4 1.2 1.4
Correlation Matrix
Birth 1 0.66 0.74 1 0.44 0.65
Death 0.66 1 -0.01 0.44 1 -0.40
Population growth 0.74 -0.01 1 0.65 -0.40 1
Years 2020-2021, Covid-19 period 2022-2023, Post-Covid-19 period
Average 12.5 14.9 ‘ 2.5 11.1 ‘ 12.4 ‘ 1.3

In particular, as follows from Fig. 1 and Table 1, average value of B and D for Georgia in 1994-2019
and 1994-2023 differ little from each other (13.0 and 12.9; 12.4 and 12.5 accordingly). But PG value in

1994-2019 in 2.3 times higher than in 1994-2023 (0.7 and 0.3 accordingly).
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Two years of the pandemic and the post-pandemic period had a significant impact on the correlation connections
between the studied parameters. In 1994-2019 value of linear correlation coefficient between population birth and
population death was 0.66 (moderate correlation), but in 1994-2023 — 0.44 (low correlation). In 1994-2019 value
of linear correlation coefficient between population birth and population growth was 0.74 (high correlation), but in
1994-2023 — 0.65 (moderate correlation). In 1994-2019 value of R between population death and population growth
was negligible, but in 1994-2023 was -0.40 (low correlation).

n 2020-2021, the average B value was 12.5, which is lower than in 1994-2019 (13.0) and in 1994-2023
(12.9), but higher than in 2022-2023 (11.1).

In 2020-2021, the average D value was 14.9, which is significantly higher than for all other specified
time periods (12.4-12.5).

The pandemic has had a significant impact on population growth. In 2020-2021, the average PG value
was -2.5, which is significantly lower than in 1994-2019 (0.7), in 1994-2023 (0.3), and in 2022-2023 (-1.3).

Finally, in Fig. 2 for clarity data on average five-year population birth, death and growth rates in Georgia
in 1994-2023 are presented.
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m2014-2018 15.1 13.1 2.0
m2019-2023 12.0 13.4 -1.4

Fig. 2. Average five-year population birth, death and growth rates in Georgia in 1994-2023.

In particular, as follows from this Fig., in the last five years Georgia had the worst demographic
indicators: B=12.0,D=13.4, PG =-14.

Conclusion

In the near future, we plan to conduct a similar study for the regions of Georgia.
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Abstract: The paper presents the results of statistical analysis of the daily average and maximum values of air
effective temperature according to Missenard in Batumi in 2018-2023.

Key words: Effective temperature, bioclimate, human health, ecology.

Introduction

Data on the bioclimatic characteristics of the area are important for determining the level of their impact
on the health of the population, promoting the development of the resort and tourism industry [1-10], etc.
There are many bioclimatic indices (a combination of temperature and relative humidity, wind speed and
other meteorological parameters), one of which is the frequently used effective air temperature according to
Missenard [4,8,9,11,12].

For example, in [11] results of the statistical analysis of the mean monthly data about the values of air
effective temperature on Missenard (ET) in two diametrically opposite located on the latitude geographical
regions of Georgia: autonomous republic of Adjara (below — Adjara) and Kakheti region (below — Kakheti)
are represented. The intra-annual distribution of values of ET is studied, their repetition on the categories of
ET is obtained, detailed information about the categories of mean monthly values of ET, and also their upper
and lower levels 99% of confidence interval is given, etc.

This work is part of these studies. The results of statistical analysis of the daily average and maximum
values of air effective temperature according to Missenard in Batumi in 2018-2023 are presented below.

Study area, material and methods

Study area — Batumi (the capital of the autonomous republic of Adjara, Georgia).

The work uses data from the Georgian National Environment Agency on average daily and urgent (at 4
p-m. local time) values of temperature (T), relative humidity (RH) and wind speed (V) for the period from
2018 to 2023.

The air effective temperature according to Missenard was calculated using the formula [12]:

ET = 37-(37-T)/(0.68-0.0014-RH+1/(1.76+1.4V"7 )) -0.29-T- (1-0.01-RH)

The categories of ET are presented in Table 1.
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Table 1. The degree of human thermal sensation (category) depending on the values of air effective temperature.

ET

<1°C

1-9°

9-17°

17-21°

21-23°

23-27°

>27°

ET

Very cold

Cold

Cool

Comfortabl

Warm

Hot

Very hot

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis

methods. The following designations will be used below: Min — minimal values; Max — maximal values;

ET Mean — daily average air effective temperature; ET_Max — daily maximum air effective temperature; Low

and Upp — lower and upper levels of confidence interval of average values with probability 99.999%.

Results and discussion

Results in Table 1,2 and Fig. 1,2 are presented.

Table 2. Statistical characteristics of ET_Mean and ET_Max in Batumi by month in 2018-2023.

Month Jan | Feb ‘ Mar ‘ Apr ‘ May | Jun | Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec
ET Mean
Max 13.0 10.6 134 17.6 184 23.7 25.2 24.0 238 17.9 14.9 13.2
Min -12.8 | -16.8 | -11.6 -4.3 2.2 10.3 13.0 14.7 7.2 14 -4.6 -
Average -0.1 -0.2 1.7 5.9 10.7 17.4 19.3 20.6 16.9 11.9 7.0 32
Upp 1.5 1.5 32 7.1 11.9 18.3 20.1 21.1 18.1 13.1 8.2 4.6
Low -1.6 -1.9 0.1 4.7 9.5 16.5 18.5 20.0 15.8 10.7 5.8 1.8
ET Max
Max 16.0 17.4 21.0 234 25.9 26.3 29.3 28.1 29.2 24.8 21.8 16.5
Min -9.6 -13.4 -7.8 -1.2 3.6 11.8 14.2 18.8 10.3 54 04 -7.5
Average 44 43 6.0 10.3 14.5 20.5 22.3 23.7 20.5 16.0 114 7.6
Upp 6.0 6.3 7.9 11.9 15.9 21.4 23.2 24.2 21.5 17.3 12.7 9.0
Low 2.9 2.4 4.1 8.7 13.0 19.6 21.5 23.1 19.4 14.8 10.1 6.2
Table 3. Categories of monthly average values of ET _Mean and ET_Max and their upper and
lower levels in Batumi in 2018-2023.
Mon Upp Average Low Upp Average Low
Jan
Very cold
Feb Very cold Cold Cold
Cold
Mar Cold
Apr Cold Cold
Cool Cool
May = Cool
= Cool %
Jun 9 ‘E" Warm Comfortable | Comfortable
= Comfortable |
Jul [ Comfortable —~ Warm Warm
= Comfortable 25 Hot
Aug | H Warm Hot Hot
Sep Comfortable Cool Warm Comfortable | Comfortable
00
Oct Cool Comfortable
Cool Cool Cool
Nov Cool
Cold Cold
Dec Cold Cold Cold

In particular, as follows from Table 2, values of ET Mean change from -16.8° (February, “Very cold”)
to 25.2° (July, “Hot”), and ET Max — from -13.4° (February, “Very cold”) to 29.3° (July, “Very hot”).
In Table 3 data about categories of monthly average values ET Mean and ET Max and their upper and

lower levels in Batumi in 2018-2023 are presented. As follows from this Table for different month category
of ET Mean change from “Very cold” to “Warm”, and category of ET Max — from “Cold” to “Hot”. This
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Table, in particular, can be used for practical purposes for a verbal description of the bioclimatic conditions
in Batumi in different months of the year.

Fig. 1 and 2 presents data on the repetitions of ET Mean and ET Max values in Batumi by category
throughout the year, as well as in the cold (October-March) and warm (April-September) seasons.

BET Mean ®ET Max

4.0

"
“

e
*]

7
7
é
.
%f
|
i\

3.6 7
10.0 - % %
- //
B B :’ é 0.0 03
o Very cold Cold Comfortable Warm Hot Very hot

ET Category
Fig. 1. Repetition categories of ET_Mean and ET_Max in Batumi during the year.

As follows from Fig. 1 the highest repeatability of ET Mean values is in the "Cold" category
(34.0%), and the lowest is in the "Hot" category (1.4%). The highest repeatability of ET Max values is in the
"Cool" category (29.3%), and the lowest is in the "Very hot" category (0.3%).
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QET Max_Wamm 03 93 216 49 182 25.0 0.6

Fig. 2. Repetition categories of ET_Mean and ET_Max in Batumi during the cold and warm periods of year.

In cold period (Fig. 2) the highest repeatability of ET _Mean values is in the "Cold" category (50.0%),
and the lowest is in the "Comfortable" category (0.8 %). The highest repeatability of ET Max values is in the
"Cold" category (41.1 %), and the lowest is in the "Hot" category (0.2%).

In warm season (Fig. 2) the highest repeatability of ET Mean values is in the "Comfortable" category
(34.3%), and the lowest is in the "Very cold" category (1.4 %). The highest repeatability of ET Max values
is in the "Hot" category (25.1 %), and the lowest is in the "Very cold" category (0.3%).

Conclusion
In the future, we plan to conduct a similar study for the different regions of Georgia.
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Abstract. Based on previously obtained natural data on the variability of monthly values of the Holiday Climate
Index (HCI) in Tsalka (Georgia) in 1956-2015, an interval forecast of HCI on 2026-2035 was performed using
the AAA version of the exponential smoothing (ETS) algorithm.

Key Words: bioclimate, tourism climate index, holiday climate index, interval forecasting.

Introduction

In recent years, in order to assess the bioclimatic conditions of populated areas in connection with the
development of the resort and tourism industry in them, along with various bioclimatic indices, including the
very popular Tourism Climate Index (TCI) [1-4], the so-called Holiday Climate Index (HCI) has begun to be
used [5]. In Georgia, along with the research of the TCI for various regions, in recent years, research of the
HCI has also been launched.

In particular, in work [6] for the first time in Georgia a comparison between Tourism Climate Index and
Holiday Climate Index for Tbilisi (capital of Georgia) was made.

In anothet work [7] is performed a detailed analysis of monthly, seasonal and annual HCI values during
a 60-year period (1956-2015) for 13 mountainous locations in Georgia (Bakhmaro, Bakuriani, Borjomi,
Goderdzi, Gudauri, Khaishi, Khulo, Lentekhi, Mestia, Pasanauri, Shovi, Stepantsminda, and Tianeti) and
compared HCIs and TCIs of monthly values for three points in Georgia (Goderdzi, Khulo and Mestia) based
on data from 1961 to 2010. The variability data of the HCI in 1986-2015 compared to those in 1956-1985
and the trends of the HCI in 1956-2015 are also presented.

In two other works [8,9] a detailed analysis of data on the long-term average values of the Holiday
Climate Index for different settlements in the Kakheti and Kvemo Kartli regions of Georgia are presented.
Finally, in work [10] some results of study of variability of the Holiday Climate Index in Tsalka in 1956-
2015 are presented.

In connection with climate change, great importance is attached to the issues of long-term forecasting
the variability of various bioclimatic indices, including TCI and HCI. For example, in the work [11] asse-
ssment of future change of HCI of urban and beach destinations in the Mediterranean is presented. In [12]
study of suitability of the climate for tourism in Romania based on the HCI in the near future is carried out.

We have carried out similar work. Using Mestia as an example, the expected changes in the monthly,
seasonal and annual HCIs of 2041-2070 and 2071-2100 were assessed. Some results of this work were used
in [3, 13].

Detailed information on the variability of the monthly values of the Holiday Climate Index in Tbilisi in
1956-2015 is presented in [14]. It also presents data on the interval forecasts of HCI variability in Tbilisi for
the next few decades.
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This article is a continuation of studies [3, 13, 14]. In this work based on previously obtained natural
data on the variability of monthly values of the Holiday Climate Index (HCI) in Tsalka in 1956-2015 [10], an
interval forecast of HCI on 2026-2035 was carried out.

Study area, material and methods

Tsalka (41.60 N°, 44.08 E°, 1458 m, a.s.l.) is a town and municipality center in southern Georgia's
Kvemo Kartli region. Tsalka is an important historical, cultural and economic (including tourism) center of
Georgia [10, https://www.advantour.com/georgia/tsalka-canyon.htm].

Data on variability of the monthly values of Holiday Climate Index in Tsalka in 1956-2015 in [10] are
presented. Based on this data forecasting of HCI on 2026-2035 was performed using the AAA version of the
exponential smoothing (ETS) algorithm taking into account the periodicity in the pre-forecast time series
[15]. 95% Low and 95% Upp — 95% lower and upper forecast level of HCI. In the time series of HCI perio-
dicity was observed only for March (2 years), July (15 years), November (7 years) and December (9 years).

Results

Results in Fig. 1-4 are presented.

—o— Jan_Forecast central points Jan_95%_Low Jan_95%_Upp

Jul_Forecast central points —¥— Jul_95%_ Low —o—Jul_95% Upp
100
% O\/\o——o/.\’__’\o/.
80 ’\*/x\)e—x—/”‘\**x\*,,—-’—*

70

HCI

60 . . . . . . . . . °
* * * * * * * * * *

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Year

Fig. 1. Example of interval forecast of HCI in Tsalka in 2026-2035 for January and July.

In Fig. 1 example of interval forecast of HCI in Tsalka in 2026-2035 for January and July is presented. As
follows from Fig. 1, in the studied period of time in January, the central point of the HCI forecast is 59
(category “Acceptable”) with a range of variability from 54 (category “Acceptable”) to 65 (category “Good”).
In July, possible variations in the central point of the HCI forecast are within 81 (category “Excellent”) — 90
(category “Ideal”) with a general range of variability from 73 (category “Very Good”) to 98 (category “Ideal”).

e 05%_ Low  e=m=Forecast central points — e====95% Upp

95 93

99

100 93
90
80
70
60
50
40

HCI

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 2. Monthly average predicted values of HCI in Tsalka in 2026-2035.
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In Fig. 2 data on monthly average predicted values of HCI in Tsalka in 2026-2035 are presented. As
follows from this Figure the average values of central point of the HCI forecast change from 61 (April,
category “Good”) to 86 (July and September, category “Excellent”) with a range of variability from 44
(December, category “Marginal”) to 99 (September, category “Ideal”).

30.0
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25.0 225

20.0 18.9

15.0
X 15.0

10.8

10.0
6.7

5.0

0.0

Marginal Acceptable Good Very Good Excellent Ideal
HCI Category

Fig. 3. Expected repetition of category of monthly values of HCI in Tsalka in 2026-2035
(forecast central points and their 95% lower and upper levels).

In Fig. 3 data on expected repetition of category of monthly values of HCI in Tsalka in 2026-2035 is
presented. As can be seen from this figure, the highest repetition of HCI values (26.1%) falls on the "Good"
category, the lowest (6.7%) — on the “Marginal” category. For comparison, note that in 1986-2015, the
highest repetition of HCI values (38.6%) also fell on the “Good” category, while the lowest (0.3%) — on the
“Ideal” category [10].
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Fig. 4. Expected number of days in year with different category of HCI in Tsalka in 2026-2035 (forecast central
points and their 95% lower and upper levels).

Finally, in Fig. 4 data on expected number of days in year with different category of HCI in Tsalka in
2026-2035 is presented. This number of days change from 95 (category “Good”) to 24 (category
“Marginal”). On “Ideal” category the possible number of days can reach 40. Note in the period from 1986 to
2015 in the “Good” category was 140 days per year, and in the “Ideal” category — 1 day per year [10].
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Conclusion

In the future, it is planned to continue similar studies for different regions of Georgia using various
methods of short-term and long-term forecasting of the variability of the HCI and other bioclimatic indices,
taking into account climate change. As data on the components of the HCI are accumulated, it is also
planned to test the specified method of forecasting the HCI by comparing the calculated and actual data on
this index for the period after 2016.
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Varamashvili N., Pipia M.

Abstract: A brief overview of the joint work of the TSU, M. Nodia Institute of Geophysics and the GTU, Institute of
Hydrometeorology over the past five years are presented.
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ANALYSIS OF VARIABILITY OF MEAN ANNUAL
AIR TEMPERATURE IN TBILISI IN 1844-2023 AGAINST
THE BACKGROUND OF CLIMATE CHANGE
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Abstract. The article presents the results of the analysis of the variability of the mean annual air temperature in
Thilisi (Try) for 1844-2023 against the background of climate change. A comparison of the anomalies of the
average annual air temperature in Tbilisi (ATp,) and in the zone of 24°-64° north latitude (AT7) in 1884-2023 is
also made. The trends of the studied parameters are obtained (T, and ATy, are fourth-degree polynomials, ATy is
a seventh-degree polynomial). It is noted that in the studied locations there has been a significant increase in air
temperature in the last decade.

Key Words: air temperature, climate change, statiasical analisys.

Introduction

The problem of climate change is well known in the world [1], including in Georgia [2], given the great
diversity of climatic regions on its territory. In our latest studies, using various statistical methods, the
variability of air temperature and its expected changes in the coming decades for some regions of Georgia
(including Tbilisi) were studied [3-10].

This paper presents some results of the study of the variability of the average annual air temperature in
Thilisi against the background of global warming in 1844-2023, and also compares the anomalies of the
average annual air temperature in Tbilisi and in the zone of 24°-64° north latitude in 1884-2023.

Study area, material and methods

Study area — Tbilisi and zone of 24°-64° north latitude.

For the analysis, data of the National Environment Agency of Georgia [http://www.pogodaiklimat.ru/]
and the NASA Goddard Institute for Space Studies [https://data.giss.nasa.gov/gistemp/] are used.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods of random events and methods of mathematical statistics for the non-accidental time series of
observations [11, 12].

The following designations will be used below: Mean — average values; Min — minimal values; Max —
maximal values; St Dev — standard deviation; R* — coefficient of determination; R — coefficient of linear
correlation; Kpw — Durbin-Watson statistic.

The curve of trend is equation of the regression of the connection of the investigated parameter with the
time at the significant value of the determination coefficient and such values of Kpw, where the residual
values are accidental.

Mean annual air temperature and its change rates (first derivative of the trend regression equation) in
Thilisi — T, and T'r, respectively; anomalies of the average annual air temperature (deviations from the
1951-1980 means) in Tbilisi — ATy, and in the zone of 24°-64° north latitude — AT,; average annual air
temperature anomalies change rates in Tbilisi — AT'r, and in zone (24°N-64°N) — AT';. Period of obser-
vations: Tr,— 1844-2023 (180 years), ATt, and ATz — 1884-2023 (140 years).
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The statistical programs Data Fit 7 and Excel 16 were used for calculations.

Results

Results in Table 1-4 and Fig. 1-2 are presented.

Table 1. Statistical characteristics of mean annual air temperature in Tbilisi in 1844-2023.
X — the number of years, 1...180

Min Max Mean St Dev R2 Kpw
11.3 15.3 13.0 0.76 0.38 1.82
Regression aX'+b X +eX +dX+e
Coefficient a b c d e
Value 1.93E-08 -5.35E-06 0.00045 -0.00764 12.58688

In Table 1 statistical characteristics of mean annual air temperature in Tbilisi in 1844-2023 are presented.
As follows from Table 1 value of T, change from 11.3 °C to 15.3 °C with average value 13.0 °C. The air
temperature trend in 1844-2023 has the form of a fourth-degree polynomial (Table 1, Fig. 1).

—o— Real Trend

O A o
S — —
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Fig. 1. Trend of mean annual air temperature in Thilisi in 1844-2023.

In Table 2 data on ten-year average annual air temperature and its change rates in Tbilisi in 1844-2023
are presented. In particular, as follows from this Table, over the past thirty years, Tbilisi has seen a
significant increase in the values of T, and T'r,, with a maximum in 2014-2023 (14.6 °C and 0.73 °C/10
year respectively).

Table 2. Ten-year average annual air temperature and its change rates in Thilisi in 1844-2023.

Years T, °C T'r,, °C/10 year Years T, °C T'm,, °C/10 year
1844-1853 12.7 -0.03 1934-1943 13.1 -0.01
1854-1863 12.2 0.03 1944-1953 12.8 -0.01
1864-1873 13.0 0.06 1954-1963 13.2 0.01
1874-1883 13.0 0.07 1964-1973 12.9 0.05
1884-1893 12.7 0.07 1974-1983 12.9 0.11
1994-1903 12.6 0.06 1984-1993 13.0 0.21
1904-1913 12.6 0.04 1994-2003 13.6 0.34
1914-1923 13.0 0.02 2004-2013 13.7 0.51
1924-1933 12.9 0.00 2014-2023 14.6 0.73
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Data on global air temperature changes have been available since 1880. Table 3, 4 and Fig. 2 show the
results of a comparative analysis of the variability of air temperature anomalies and the rate of its changes in

Tbilisi and in

the zone 24°-64° of northern latitude in 1884-2023.

As follows from Table 3 value of ATy, change from -1.7 °C to 2.26 °C with average value 0.09 °C, and

value of AT, _

from -0.65 °C to 1.67 °C with average value 0.11 °C. The air temperature anomalies trend in

Thilisi in 1884-2023 has the form of a fourth-degree polynomial, and in zone (24°N-64°N) — the form of a

seven-degree

polynomial (Table 3, Fig. 2).

Table 3. Statistical characteristics of mean annual air temperature anomalies in
Thilisi and in zone (24°N-64°N) in 1884-2023. X — the number of years, 1...140.

Location Min Max Mean St Dev R? Kpw
Thilisi -1.70 2.26 0.09 0.78 0.43 1.98
24°N-64°N -0.65 1.67 0.11 0.51 0.91 1.79
Regression ATp=aX'+b X+ X +d-X +e
Coefficient a b c d e
Thilisi 1.93E-08 -5.35E-06 0.00045 -0.00764 12.58688
Regression AT, =a-X +b- X+ X +d- X +e X+ X+ g X +h
Coefficient a b c d e f g h
-4.60E- -9.36E-
24°N-64°N | 8.99E-13 10 9.29E-08 06 0.000489 | -0.01239 | 0.132029 -0.76999
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Fig. 2. Trend of mean annual air temperature anomalies in Tbilisi and in zone (24°N-64°N) in 1884-2023.
Table 4. Ten-year average annual air temperature and its change rates in
Thilisi and in zone (24°N-64°N) in 1884-2023.

Years/Variable AT1,°C ATz,°C AT',,°C/10 year AT'z,°C/10 year
1884-1893 -0.35 -0.43 0.05 0.42
1994-1903 -0.42 -0.28 0.10 -0.12
1904-1913 -0.42 -0.48 0.11 0.01
1914-1923 0.00 -0.27 0.09 0.18
1924-1933 -0.15 -0.16 0.06 0.20
1934-1943 0.08 0.04 0.02 0.09
1944-1953 -0.20 0.08 0.00 -0.04
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1954-1963 0.23 0.07 -0.02 -0.07
1964-1973 -0.12 -0.11 0.00 0.02
1974-1983 -0.15 0.08 0.06 0.17
1984-1993 -0.03 0.25 0.17 0.29
1994-2003 0.56 0.64 0.34 0.30
2004-2013 0.68 0.83 0.59 0.27
2014-2023 1.62 1.28 0.92 0.61
R 0.94 0.72

Finally, in Table 4 data on ten-year average annual air temperature and its change rates in Tbilisi and in
zone (24°N-64°N) in 1884-2023 are presented.

As follows from Table 4 and Fig. 2, the variability of ATy, and AT'yy, during the studied period of time is
in good agreement with the variability of ATz and AT'; respectively. Coefficient of linear correlation
between AT, and ATy is 0.94 (very high correlation), and between AT', and AT' is 0.72 (high correlation).
Maximum increase values of ATt,, ATz, AT't, and AT'z in 2014-2023 are observed (Table 4).

Conclusion

In the future, it is planned to continue these studies, including forecasting changes of air temperature in
various regions of Georgia for several decades.
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Abstract. A statistical analysis of time series of observations of monthly and seasonal (year, cold and warm
seasons) values of precipitation amounts in Thilisi from 1844 to 2023 was carried out. A comparison of monthly
and seasonal average precipitation values was carried out for two ninety-year and thirty-year time periods (1844-
1933 and 1934-2023, as well as 1844-1873 and 1994-2023). To assess the compatibility of these observation time
series, a linear correlation analysis was carried out between them for the specified time periods.

Key Words: Climate change, atmospheric precipitation, statistical analysis.

Introduction

The problem of observed and expected climate changes on our planet has become especially relevant in
recent years. This problem is of great importance in Georgia, due to the diversity of climatic regions on its
territory [1]. Atmospheric precipitation is one of the most important components of the climate and special
attention has always been paid to its research in Georgia [1-4]. In particular, a large number of studies have
been conducted on the climatology of seasonal, monthly and daily precipitation amounts [1-4]; the role of
precipitation in the formation of bioclimatic conditions of areas [1]; the impact of precipitation deficiency
and excess on the provocation of droughts [5], floods [6], landslides [7] and other negative phenomena, etc.
As new information accumulated, data on the variability of the precipitation regime in various regions of
Georgia were constantly updated [8-12].

In Thilisi regular meteorological observations were begun into 1844. In [12] standard statistical analysis
of changeability of atmospheric precipitations in Tbilisi in 1844-2018 was carried out.

In this work comparison of monthly and seasonal mean values of precipitations for two ninety-year and
thirty-year periods of time (1844-1933 and 1934-2023, as well as 1844-1873 and 1994-2023) was carried
out. A linear correlation analysis was also carried out between the studied time-series of precipitation
observations to assess the monthly and seasonal compatibility of these series in the specified time periods.

Study area, material and methods

Study area — Tbilisi. Data of the Georgian National Environment Agency about monthly sum of precipi-
tation in Tbilisi in the period from 1844 to 2023 are used. The standard statistical methods are used [13,14].
The following designations will be used below: Mean — average values; Min — minimal values; Max —
maximal values; St Dev — standard deviation; St Err — standard error; R* — coefficient of determination; R —
coefficient of linear correlation; C, — coefficient of variation, % ; a — level of significance; Low and Upp —
lower and upper levels of confidence interval of average values with probability 99.999%; P — sum of preci-
pitation, mm (monthly, seasonally: October — March, April — September, January — December — P14, Pwarm,
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Pycar). Missing observational data using standard methods were recovered [13] . Comparison of mean values
of precipitation in two ninety-year and thirty-year periods of time (1844-1933 and 1934-2023, as well as
1844-1873 and 1994-2023) was produced with the use of Student's criterion with the level of significance a
not worse than 0.15. The dimension of atmospheric precipitation (mm) is often omitted from the text below.

Results

Results in Fig. 1-3 and Table 1 are presented.

Fig. 1 shows data on the variability of seasonal sum of precipitation in Tbilisi in 1844-2023. As follows
from this Fig., the values of the linear correlation coefficient Pcoiq, Pyarm and Py, With the years, respectively,
are: 0.14 (negligible correlation), 0.024 (lack of correlation) and 0.062 (lack of correlation). Thus, only in the
cold half of the year is a weak positive trend in precipitation observed in the specified period of time.
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Fig. 1. Trend of precipitations in Tbilisi in three period of year in 1844-2023.

Table 1 presents data on the statistical characteristics of monthly, semi-annual and annual precipitation
amounts in Tbilisi in 1844-2023. It also presents data on the significance level of the difference between the
average precipitation amounts for two time periods: 1934-2023 and 1844-1933, as well as in 1994-2023 and
1844-1873 (Fig. 2).

Table 1. Statistical characteristics of monthly, annual and half-year sum
of atmospheric precipitations in Tbilisi in 1844-2023.

Variable | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Cold | Warm | Year
Min 0 0 0 5 0 3 0 0 0 0 0 0 47 131 240
Max 68 87 | 140 | 187 | 267 | 265 | 175 | 203 | 221 | 257 | 126 | 84 | 362 | 690 814
Average | 16 | 21 31 52 82 73 | 48 | 40 | 44 | 42 32 | 21 162 | 338 500
St Dev 13 16 | 21 30 | 46 43 35 34 | 35 34 | 24 17 52 95 105
St Err 10| 12|16 |23 |34 |32 ]26|25|26|25]|18] 13 ] 39 7.1 7.8
C.,% 83 75 69 58 56 59 | 73 85 81 82 | 75 80 32 28 21
Low 12 16 | 24 | 42 67 59 | 36 | 28 | 32 | 30 | 24 16 | 145 307 466
Upp 20 | 26 | 38 | 62 97 87 | 59 | 51 55 53 39 | 27 | 179 | 369 535
Level of Significance of Difference: AP1 = P(1934-2023) — P(1844-1933)

at) [ 0.05| No [0.12] No | No [ No [0.12| No [0.09 [ 0.05| No | No [ 0.04 | No | No
Level of Significance of Difference: AP2 = P(1994-2023) — P(1844-1873)

at) | No [ No | No [ No | No [ No [0.15] No [ No [0.08 | No | No [ 0.10 | No | No




In particular, as follows from Table 1, the monthly precipitation amounts in the studied period of time
vary from 0 to 267. The average amounts — from 16 (January) to 82 (May). The smallest variations in monthly
precipitation amounts are observed in May (56%), the largest — in August (85%).

The range of precipitation amounts in the cold half of the year is from 47 to 362, in the warm — from 131
to 690, according to annual data — from 240 to 814. On average, in the warm half of the year in Tbilisi there
is approximately 2.09 times more precipitation than in the cold half of the year.
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Fig. 2. The difference between precipitation in Thilisi in 1934-2023 and 1844-1933,
as well as in 1994-2023 and 1844-1873.

Significant variability of the difference AP1 (Table 1, Fig. 2) is observed in January (increase by 3.8
mm), March (increase by 4.8 mm), July (decrease by 8.1 mm), September (decrease by 9.0 mm), October
(increase by 9.8 mm) and in the cold half of the year (increase by 16.1 mm). Significant variability of the
difference AP2 is observed in July (decrease by 11.9 mm), October (increase by 19.1 mm) and in the cold
half of the year (increase by 22.4 mm).

In Fig. 3 data about coefficients of linear correlation between Pye,r and P, Pyarm and monthly sum of
precipitation in different periods of time are presented. Note: R, with o = 0.05 for different periods of time
are: 180 years —+ 0.14, 90 years —+ 0.21 and 30 years — £ 0.36.

Fig. 3. Linear correlation Py, with P4, Py.rm and monthly sum of precipitation in different periods of time.
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In particular, as follows from Fig. 3, the best correlation is observed for the pair Pyeyr — Pyam and varies
from 0.84 (1994-2023, high correlation) to 0.93 (1844-1873, very high correlation). Moreover, in the last
thirty-year period, compared to the first, the level of correlation weakens.

For the pair Pyeyr — Peoia in the last thirty-year period compared to the first, the level the correlation, on
the contrary, grows: 0.31 (low correlation) and 0.58 (moderate correlation).

The best correlation for pairs Py, — P(Monthly) varies from 0.65 (1994-2023, pair Pyc,r — Pren, moderate
correlation) to 0.67 (1844-1873, pair Pye,r — Paye, moderate correlation also).

Finally, we note that, as the analysis of the correlation links between monthly precipitation amounts has
shown, the best correlation is observed for the first and last thirty-year periods and varies from -0.52 (pair
Pjun — Psep, moderate correlation) to 0.44 (pair Py, — Poc, low correlation) and from -0.43 (pair Pre, — Ppec,
low correlation) to 0.42 (pair Pgey, — Papr, low correlation also). For all other time intervals this correlation is
negligible.

In general, the level of compatibility of the studied observation time series is quite weak.

Conclusion

In the future, it is planned to continue these studies, including forecasting changes of atmospheric
precipitation in various regions of Georgia for several decades.
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Abstract. The results of the analysis of the precipitation regime that caused the landslide in Nergeeti (Imereti,
Georgia) on February 7, 2024 are presented (day with landslide and 3, 5, 7, 10, 20 and 30 days before its onset for
meteorologycal stations Kutaisi and Zestaponi). These data were compared with similar generalized data for 75
landslide cases in Imereti. In particular, it was found that the heavy precipitation regime that triggered the landslide
in Nergeeti was observed quite rarely in the Imereti region — in 12% of cases out of 75 for the amount of precipita-
tion on the day with the landslide and only in 8% of cases for the accumulated amount of precipitation over 30 days.

Key Words: landslides, atmospheric precipitation, rainfall triggering, Imereti, Georgia.

Introduction

Existing landslide maps in Georgia mainly take into account time-independent spatial factors (slope
steepness, lithology, soil and vegetation cover, etc.) and ignore or give very little weight to precipitation [1].
However, recent publications indicate that intense or extreme precipitation may be one of the main causes of
landslide activation [2, 3]. Recently, a number of studies have been conducted in Georgia to assess the short-
term (days, months) and long-term (century-long) effects of precipitation on landslide occurrence [4-9].

In particular, in the work [7], based on data on 174 landslides with known coordinates and the time of
their descent, data are presented on the accumulated amount of precipitation on the day of the landslide and
for 3, 5, 7, 10, 20 and 30 days before their activation for 11 regions of Georgia (including Imereti with 25 cases
of landslides). Based on these data, average threshold values of precipitation amounts (level, mm) were
obtained depending on their duration in hours before landslide activation for Georgia and its individual regions.
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Fig. 1. Distribution of landslides on the territory of Imereti.
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Currently, taking into account the information from the first created catalogue [10], there are data on 537
landslides in Georgia with known coordinates and activation time up to 2022 (including 75 landslides for
Imereti, Fig. 1). Accordingly, we have already created an updated database on the precipitation regime,
compared to the work [7]. This database allows for a more detailed analysis of the role of precipitation in
landslide activation both in the past and present, as well as forecasting this activation.

In 2024, there were several cases of landslides with severe consequences in Georgia.

On the night of February 6-7 (around 1-2 am) in Western Georgia in the village of Nergeeti in the
Baghdati municipality on the right slope of the Khanistskali River valley a rock landslide process was
activated (Fig. 1, 2). The landslide developed in the lower part of the slope, on a very steep inclined surface
(60-65°), in highly depleted sandstones, tuffs and argillites. The height of the landslide canopy is 30 meters,
the width of the landslide in the upper part is 20-25 meters, in the lower part 90-100 meters. The approximate
volume of the landslide mass that entered the dynamics is 150000 m’. Along with complex tectonic and
morphological conditions, the origin and activation of the landslide process were mainly associated with
heavy precipitation that fell on February 5-6-7.
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Fig. 2. Landslide in Nergeeti [https://www.radiotavisupleba.ge/a/32895673.html].

The landslide completely destroyed 4 residential houses and blocked the central highway passing
through the right slope near the Khanistskali River. The number of victims of landslides in the village of
Nergeeti amounted to nine people [ https://www.apsny.ge/2024/other/1707392803.php].

During these same days, in the highland Adjara, a mud mass covered four houses. Two people died, one
was rescued and transported to a medical facility [https://www.ekhokavkaza.com/a/32809564.html].

At this stage of the research, an analysis of the precipitation regime that caused the landslide in Nergeeti
on February 7, 2024 (the day with the landslide and 3, 5, 7, 10, 20 and 30 days before it began for the Kutaisi
and Zestafoni meteorological stations) was carried out in comparison with similar generalized data on 75
cases of landslides in Imereti. The results of this analysis are presented below.

Study area, material and methods

Study area — Imereti region of Georgia. The data of Georgian National Environmental Agency about the
daily sum of atmospheric precipitation are used. Data on landslides with known coordinates and time of their
descent are taken from [7,10].

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods.
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Results

In Table statistical characteristics on the accumulated sum of precipitation data of meteorological
stations in days with landslide and 3, 5, 7, 10, 20 and 30 days before their onset in Imereti for 75 landslides
and also in Kutaisi and Zestaponi in day and before landslide in Nergeeti (mm) are presented.

Table. Statistical characteristics on the accumulated sum of precipitation data of meteorological stations
in days with landslide and 3, 5, 7, 10, 20 and 30 days before their onset in Imereti for 75 landslides
and also in Kutaisi and Zestaponi in day and before landslide in Nergeeti (mm).

Variable Sum Sum 3 Sum 5 Sum 7 Sum 10 Sum 20 Sum 30
1 day days days days days days days
75 landslides in Imereti
Mean 10.8 25.4 37.8 47.9 62.0 105.1 142.5
Min 0 0 0 0 0 23.2 32
Max 100.7 180.4 189.8 203.3 258.8 409.4 414.4
St Dev 21.5 38.9 42.1 45.8 52.0 78.0 79.6
St Err 2.5 4.5 4.9 53 6.0 9.0 9.2
99.99%(+/-) 9.7 17.5 18.9 20.6 23.3 35.1 35.8
CONF-L 1.1 7.9 18.9 27.4 38.7 70.0 106.7
CONF-U 20.4 42.8 56.7 68.5 85.4 140.1 178.3
Landslide in Nergeeti
Kutaisi 28.5 93.1 114.0 114.0 114.4 167.7 272.2
Zestaponi 24.0 103.0 122.0 122.0 122.0 192.0 262.0
% from monthly mean of atmospheric precipitation in January in 1936-2024
Kutaisi 18.6 60.8 74.5 74.5 74.8 109.6 177.9
Zestaponi 15.7 67.3 79.7 79.7 79.7 125.5 171.2

As follows from this Table, in Imereti the average accumulated precipitation amount associated with
landslides varies from 10.8 £ 9.7 mm (day with landslides) to 142.5 £ 35.8 mm (30 days before landslides).
In one case out of 75, the precipitation amount on the day with a landslide exceeded 100 mm (landslide in
Khoni on July 8, 2016). Also, in one case out of 75, the accumulated precipitation amount for 30 days before
landslides exceeded 414 mm (landslides in Samtredia on October 16, 2017).

Comparison of precipitation data at meteorological stations in Kutaisi and Zestaponi (25.6 and 19.3 km
from Nergeeti, respectively, Fig. 1) with generalized data on landslide-related precipitation for Imereti as a
whole shows that Nergeeti experienced an extreme precipitation regime. Thus, the accumulated precipitation
amount for three days before the landslide and more at the indicated stations significantly exceeds the
corresponding values of the 99.99% upper confidence interval of the average precipitation value for 75
landslide cases.

The average monthly precipitation in January in Kutaisi and Zestaponi in 1936-2024 is 153 mm. The
precipitation amount for three days before the landslide was 61-67% of this climatic norm, and the
precipitation amount for 30 days before the landslide exceeded this norm by 78% and 71%, respectively.

It should also be noted that for 75 cases of landslide triggering, the daily precipitation amount exceeding
30 mm was observed in 12.0% of cases, and the accumulated precipitation amount for 30 days exceeding
275 mm was observed in only 8.0% of cases.

Conclusion

In general, the settlement of Nergeeti is considered a landslide-hazardous area of Georgia (Fig. 1) and
the Georgian National Environmental Agency issued a warning about the possible activation of landslide

157



processes here. In addition to Nergeeti, such a warning has also been issued for the settlements of Dimi,
Obcha I, Obcha II, Tsitelkhevi, Persati, Shubani and Zegani.

However, the problem is to predict the location and time of activation of landslide processes relatively
accurately, taking into account various factors, including precipitation regime (ground-based and satellite
data on daily precipitation). We are currently working on solving this problem using all available infor-
mation on landslides in Georgia and machine learning methods.
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Abstract. The paper compares satellite (Ps) and ground-based (Pyy) data on semi-annual and annual precipitation
for 26 points in Georgia for 2001-2020. In particular, it was found that the relationship between Ps and Py is
satisfactorily described by a linear equation.
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Introduction

In scientific research, accurate and timely precipitation information is often needed to better understand
and model severe floods [1,2], droughts [3], water resources [4], landslides and mudflows [5-13]. Global
satellite precipitation data (GPM) help to better prepare for and respond to a wide range of natural disasters
[https://gpm.nasa.gov].

At the same time, the use of satellite precipitation data requires comparison with ground-based
measurements. Such comparisons for monthly and annual precipitation data, in particular, are given in [4,
14-16]. This article compares ground-based and satellite measurements of semi-annual and annual
precipitation amounts for 26 points in Georgia in 2001-2020.

Study area, material and methods

Study area — 26 meteorological stations in Georgia (Akhalkalaki, Akhaltsikhe, Ambrolauri, Bakuriani,
Bolnisi, Borjomi, Chokhatauri, Dedoplistskaro, Gori, Khashuri, Khulo, Lagodekhi, Mta-Sabueti, Pasanauri,
Poti, Kobuleti, Kutaisi, Sachkhere, Sagarejo, Shovi, Tbilisi, Telavi, Tianeti, Tsalka, Zestafoni, Zugdidi).
Information on the coordinates and altitudes of these stations is presented in [17].

The data of Georgian National Environmental Agency and GPM Global Satellite Precipitation Data
[https://neo.gsfc.nasa.gov/view.php?datasetld=GPM_3IMERGM] about the monthly sum of atmospheric
precipitation for these points from January 2001 to December 2020 (240 months to station) are used.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [18]. The following designations will be used below: satellite (Ps) and ground-based (Py) data on
mean sum of atmospheric precipitation; Cold Period: October-March; Warm Period: April-September; R —
coefficient of linear correlation; a — the level of significance.

The degree of correlation was determined in accordance with [18]: very high correlation (0.9 <R < 1.0);
high correlation (0.7 < R < 0.9); moderate correlation (0.5 < R < 0.7); low correlation (0.3 < R< 0.5);
negligible correlation (0 <R < 0.3).
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Results

Results in Table 1 and 2 are presented.
In Table 1 information on satellite and ground-based data on mean sum of atmospheric precipitation in
the three periods of year for 26 points in Georgia in 2001-2020 is presented.

Table 1. Information on satellite (Ps) and ground-based (Py;) data on mean sum of atmospheric
precipitation in the three periods of year for 26 points in Georgia in 2001-2020.

Period Cold Period Warm Period Year
Location Pg, mm | Py, mm Ps/Py Pg, mm | Py,mm Ps/Py Pg, mm | Py,mm Ps/Py
Akhalkalaki 337 193 1.75 471 378 1.24 807 571 1.41
Akhaltsikhe 540 182 2.97 551 376 1.46 1091 558 1.95
Ambrolauri 746 526 1.42 651 532 1.22 1397 1058 1.32
Bakuriani 412 345 1.20 510 491 1.04 923 836 1.10
Bolnisi 244 188 1.30 458 346 1.32 701 534 1.31
Borjomi 464 284 1.63 521 354 1.47 984 638 1.54
Chokhatauri 895 1019 0.88 755 677 1.11 1650 1696 0.97
Dedoplistskaro | 270 212 1.28 431 366 1.18 701 578 1.21
Gori 382 217 1.76 528 304 1.74 911 522 1.75
Khashuri 497 282 1.76 528 305 1.73 1025 587 1.75
Khulo 776 921 0.84 648 579 1.12 1424 1499 0.95
Lagodekhi 293 496 0.59 486 809 0.60 780 1306 0.60
Mta-Sabueti 523 741 0.71 535 456 1.17 1058 1196 0.88
Pasanauri 384 353 1.09 567 611 0.93 951 964 0.99
Poti 1046 993 1.05 884 1150 0.77 1930 2143 0.90
Kobuleti 1096 1482 0.74 831 1125 0.74 1927 2607 0.74
Kutaisi 828 797 1.04 706 566 1.25 1534 1363 1.13
Sachkhere 625 506 1.24 568 488 1.16 1193 994 1.20
Sagarejo 258 264 0.98 441 469 0.94 699 733 0.95
Shovi 595 515 1.15 574 644 0.89 1169 1159 1.01
Thilisi 283 163 1.74 495 360 1.37 778 523 1.49
Telavi 271 238 1.14 470 537 0.87 741 775 0.96
Tianeti 331 218 1.51 523 399 1.31 854 618 1.38
Tsalka 303 171 1.77 488 474 1.03 791 645 1.23
Zestafoni 672 775 0.87 614 478 1.28 1286 1253 1.03
Zugdidi 983 929 1.06 877 928 0.94 1860 1857 1.00
Mean 541 500 1.29 581 546 1.15 1122 1047 1.18
Min 244 163 0.59 431 304 0.60 699 522 0.60
Max 1096 1482 2.97 884 1150 1.74 1930 2607 1.95

As follows from Table 1, the variability of the average values of the studied parameters is as follows.

Cold Period: 244 mm (Bolnisi) < Ps < 1096 mm (Kobuleti); 163 mm (Tbilisi) < Py < 1482 mm
(Kobuleti); 0.59 (Lagodekhi) < Ps/Py < 2.97 (Akhaltsikhe).

Warm Period: 431 mm (Dedoplistskaro) < Ps < 884 mm (Poti); 304 mm (Gori) < Py < 1150 mm (Poti);
0.60 (Lagodekhi) < Ps/Py < 1.74 (Gori).

Year: 699 mm (Sagarejo) < Ps < 1930 mm (Poti); 522 mm (Gori) < Py < 2607 mm (Kobuleti); 0.60
(Lagodekhi) < Ps/Py < 1.95 (Akhaltsikhe).

On average, per weather station, the excess of satellite precipitation data over ground-based data is as
follows: Cold Period — on 29 %, Warm Period — on 15 %, Year — on 18 %.
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In Table 2 information on parameters of linear correlations and regression between satellite and ground-
based data on sum of atmospheric precipitation in the three periods of year for 26 points in Georgia in 2001-
2020 is presented.

As follows from Table 2, the variability of the R values of the studied parameters is as follows.

Cold Period: 0.53 (Zestafoni, moderate correlation) < R < 0.92 (Bolnisi, very high correlation); Warm
Period: 0.47 (Kobuleti, low correlation) < R < 0.94 (Zugdidi, very high correlation); Year: 0.34 (Mta-Sabueti,
low correlation) < R < 0.90 (Zugdidi, high correlation). On average, per weather station, mean value of R
change from 0.70 to 0.76 (high correlation).

Table 2. Information on parameters of linear correlations and regression between satellite and ground-based
data on sum of atmospheric precipitation in the three periods of year for 26 points in Georgia in 2001-2020.
Ps=a'Py + b, (Ryin = 0.34, a = 0.15)

Period Cold Period Warm Period Year

Location R a b R a b R a b
Akhalkalaki 0.76 0.83 175.6 0.82 0.54 265.3 0.81 0.62 452.5
Akhaltsikhe 0.62 1.34 295.3 0.69 0.68 295.7 0.62 1.07 492.2
Ambrolauri 0.65 0.74 355.8 0.64 0.59 336.6 0.59 0.60 757.7
Bakuriani 0.65 0.64 190.9 0.82 0.68 174.7 0.78 0.64 386.6
Bolnisi 0.92 1.06 45.1 0.79 0.83 169.5 0.83 1.07 129.8
Borjomi 0.75 1.15 135.6 0.78 0.65 290.4 0.74 0.90 412.1
Chokhatauri 0.73 0.64 239.9 0.85 0.61 341.0 0.79 0.70 467.9
Dedoplistskaro 0.81 0.66 129.3 0.70 0.51 245.7 0.68 0.45 440.8
Gori 0.69 1.01 163.4 0.75 0.83 276.6 0.78 1.03 374.3
Khashuri 0.78 0.90 242.4 0.67 0.77 294.2 0.76 0.92 482.4
Khulo 0.90 0.86 -15.1 0.84 0.62 291.3 0.89 0.79 244.6
Lagodekhi 0.66 0.27 159.0 0.70 0.29 250.4 0.61 0.24 470.6
Mta-Sabueti 0.54 0.35 267.1 0.59 0.42 343.6 0.34 0.26 747.0
Pasanauri 0.87 0.55 190.7 0.73 0.36 346.4 0.71 0.38 582.4
Poti 0.74 0.65 404.7 0.79 0.32 513.6 0.64 0.38 1115.5
Kobuleti 0.83 0.63 168.3 0.47 0.20 601.4 0.64 0.46 738.1
Kutaisi 0.79 0.94 76.4 0.83 0.81 246.7 0.76 0.94 251.0
Sachkhere 0.64 0.77 235.1 0.49 0.39 378.0 0.36 0.36 836.1
Sagarejo 0.88 0.62 95.3 0.65 0.48 216.5 0.74 0.48 350.9
Shovi 0.73 0.57 302.2 0.63 0.58 198.4 0.63 0.52 561.2
Thilisi 0.91 0.95 129.1 0.64 0.45 3334 0.82 0.62 455.0
Telavi 0.90 0.79 82.7 0.70 0.50 199.2 0.77 0.61 269.1
Tianeti 0.84 0.65 187.9 0.69 0.37 374.5 0.73 0.41 601.5
Tsalka 0.88 1.02 128.3 0.82 0.59 206.0 0.86 0.76 303.7
Zestafoni 0.53 0.36 391.0 0.52 0.42 413.9 0.42 0.31 902.2
Zugdidi 0.80 0.86 182.9 0.94 0.72 204.8 0.90 0.90 177.7
Mean 0.76 0.71 0.70

Min 0.53 0.47 0.34

Max 0.92 0.94 0.90

Conclusion

In the future, it is planned to continue these studies for monthly and daily sum of atmospheric precipi-
tation.
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Abstract: In the work some results of heavy precipitation analysis in Thilisi on July 7, 2024 based on ground-level
and satellite measurements are presented.

Key Words: atmospheric precipitation, flooding, flood.

Introduction

Precipitation is one of the most important climate-forming factors directly affecting the vital activity of the
environment. Therefore, as in other countries, special attention has always been paid to the study of the
intensity and spatial-temporal distribution of precipitation in Georgia [1-5]. The relevance of these studies has
increased even more against the background of the ongoing process of global warming [6]. Heavy precipitation
leads to floods, landslides, mudflows, damage to vegetation, etc. [7-12]. Precipitation deficiency contributes to
droughts, desertification, decreased crop yields and other negative processes [6,7]. Floods and landslides due to
heavy precipitation most often occur in Western Georgia, although in its eastern part, including Tbilisi, these
processes are not so rare [7-12]. Thus, heavy rainfall over several days led to a landslide with casualties in
Nergeeti (Imereti) on February 7, 2024 [13]. Heavy rainfall in Tbilisi on August 29, 2023 (more than 100 mm)
led to flooding of significant areas of the city and damage to its infrastructure [14].

This work is a continuation of previous traditional studies. Some results of heavy precipitation analysis
in Tbilisi on July 7, 2024 based on ground-level and satellite measurements are presented below.

Study area, material and methods

Study area — Georgia and Tbilisi. The following information are used.

Data of Georgian National Environmental Agency and satellite observation data [https://neo.gsfc.nasa.
gov/view.php?datasetld=GPM_3IMERGM] about the daily sum of atmospheric precipitation. Satellite
measurement resolution is 0.1°X0.1° (=90 km?). Accordingly, for the territory of Georgia there are satellite
data on precipitation for 768 points.

Lightning data from [https://www.blitzortung.org/ru/live lightning maps.php?map=42].

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods.

Results and discussion

Results in Fig. 1-4 and Table are presented.
On July 7, 2024 thunderstorms with heavy precipitation were observed over various parts of the territory
of Georgia (including Tbilisi).
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Fig. 1. An example of the distribution of lightning discharges over the territory of Georgia on July 7, 2024 at
02.40 and 03.00 hours.

In Fig. 1 an example of the distribution of lightning discharges over the territory of Georgia
(including Thilisi) on July 7, 2024 at 02.40 and 03.00 hours.
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Fig. 2. Distribution of daily sum of atmospheric precipitations on the territory of Georgia at July 7,
2024 according to satellite measurement.

In Fig. 2 and Table data about daily sum of atmospheric precipitations on the territory of Georgia at
July 7, 2024 according to satellite measurement are presented.

Table. Statistical characteristics of daily sum of atmospheric precipitations on the territory
of Georgia at July 7, 2024 according to satellite measurement (Fig. 2).

Min Max Average St Dev St Err Count
0.01 93.6 11.9 15.0 0.54 768

As follows from the Table, on the specified day, in accordance with satellite data, the precipitation
amount varied from 0.01 mm to 93.6 mm (Doghlauri, Kareli Municipality, Shida Kartli, Georgia), with an
average value of 11.9 mm. In Tbilisi and its environs, the daily precipitation amount varied from 3 to 60 mm
(Fig. 3). It is important to note that in the area of the weather station in Digomi, the satellite measurement
data were almost twice as high as the ground measurement data (60 mm and 32 mm, respectively, Fig. 3).
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Fig. 3. Data on daily sum of atmospheric precipitations in Thilisi at July 7, 2024 according to ground-level and
satellite measurement. S — satellite data, M — data of meteorological station.

Fig. 4. An examples of the negative consequences of a heavy rainfall on two streets in Thilisi on July 7, 2024.

[https://www.interpressnews.ge/ru/article/161466-meriia-tbilisi-upavshie-v-rezultate-nepogody-derevia-
povredili-doma-avtomobili-i-kommunikatsii-silnyi-veter-sorval-kryshi-s-domov-vedetsia-uchet-ushcherba;
https://news.am/rus/news/832873.html#google_vignette].

Finally, we note that the heavy rain that hit Tbilisi late at night, accompanied by strong winds, created
problems in the capital. The Samgori, Krtsanisi and Saburtalo districts were particularly hard hit. Trees that
fell as a result of the storm damaged houses, cars and utilities. In several places, strong winds tore off roofs
from residential buildings (Fig. 4). Representatives of the relevant government agencies were in all the
problem areas all night long, dealing with the consequences of the storm [https://www.apsny.ge/
2024/pol/1720357281.php].

Conclusion

In the future, we plan to continue similar studies for both Tbilisi and other regions of Georgia using
ground-based and satellite measurement data against the backdrop of climate change.
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Abstract. The article presents results of studies of the level of atmospheric stability and characteristics of the
thunderstorm-hail process that contributed to the formation of a tornado in Kakheti on June 25, 2024.

Key Words: natural disasters, hurricane winds, tornadoes,radar monitoring.

Introduction

The assessment of extreme wind values is especially important from the point of view that such
phenomena, as a result of their destructive effects, can cause significant damage to the agro-economic and
other infrastructure of the country [1-10]. In particular, article [8] presents information about the tornado in
Kobuleti, and also discusses the issue of a more detailed study of these events in Georgia.

In the study [8], as a special case, considered a tornado that took place on September 25, 2021 in the
terminal space of the city of Poti, which caused significant damage to one of the cargo terminals.

Some results of an expeditionary study of the tornado distribution area in Kakheti on June 25, 2024 are
presented in [10]. The team of researchers visiting the Alaverdi Cathedral, had a meeting with His Eminence,
Bishop of Alaverdi, Metropolitan David. The damage to the Alaverdi Cathedral and its surroundings was
discussed in detail. Important information has been received regarding this issue. Further research was
continued in the area surrounding the Alaverdi Cathedral and in the direction of the villages of Kvemo and
Zemo Alvani. The probable place of origin of the tornado and the trajectory and area of its spread were
determined. The damage caused by the tornado on the propagation trajectory was studied. This work is a
continuation of the study [10]. Results of studies of the level of atmospheric stability and characteristics of
the thunderstorm-hail process that contributed to the formation of a tornado in Kakheti on June 25, 2024 are
presented below.

Study area, material and methods

Study area — Akhmeta municipality of Kakheti region of Georgia (Alaverdi Cathedral and surrounding
areas, the villages of Kvemo Alvani and Zemo Alvani).

Data on vertical atmospheric sounding [https://www.ready.noaa.gov/index.php] for calculated of
Indexes of Stability of the Atmosphere [http://weather.uky.edu/about_totl.htm].

In this work Total Totals Index (TT) Index stability of the atmosphere is used.

TT = Tgso+ Tasso_ 2°Ts00 in degrees C.
where T represents temperature and T4 represents dew point temperature at the indicated level (500, 700, and
850 mb).
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Data of meteorological radar “METEOR 735 CDP 10 — Doppler Weather Radar” of Anti-hail service of
Georgia about the parameters of radar reflectivity of clouds — product MAX (dBZ), max diameter of
hailstones D (mm) — product HAILSZ (Size) and the and characteristics of atmospheric phenomena —
product ASWLL (ET) — are used [11].

Results

Results in Table and Fig. 1 — 5 are presented.

Table. TT Index for study region 25.06.2024.

Hour.min TT Index Stability of the Atmosphere
10.00 51 Scattered Numerous Thunderstorms. Few Scattered Severe. Isolated Tornadoes
13.00 53 Numerous Thunderstorms. Scattered Tornadoes.
16.00 53 Numerous Thunderstorms. Scattered Tornadoes.
19.00 53 Numerous Thunderstorms. Scattered Tornadoes.
22.00 50 Scattered Thunderstorms. Few Severe. Isolated Tornadoes.

As follows from Table 1, from 10.00 to 22.00, an unstable atmosphere was generally observed over
study area. The TT index value varied from 50 (22.00, Scattered Thunderstorms. Few Severe. Isolated
Tornadoes.) to 53 (13.00-19.00, Numerous Thunderstorms. Scattered Tornadoes.). That is, throughout the
day there were conditions for the formation of intense convective processes and tornadoes.

Fig. 1. Trajectory and speed of movement of the thunderstorm-hail process over the study area.
Points C1+C9 — location of the cloud zone with the maximum diameter of hailstones.
Point 0 — center dome of the Alaverdi Cathedral, point 13 — approximate location of tornado formation,
all other points — locations of the tornado distribution area in Kakheti [10].
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Fig. 2. Max diameter of hailstones in different time.

169



As follows from Fig. 1 and 2, the thunderstorm-hail process moved over the territories of Zemo Alvani,
Kvemo Alvani and Alaverdi from 17.11 to 17.36. The speed of this process varied from 9 km/h to 30 km/h.
At the same time, according to the radiosonde data at 16.00, the direction of the leading flow was 273°, the
speed was 46.8 km in the altitude range of 5.06-6.61 km, the maximum diameter of hailstones varied from

10.0 to 32.1 mm.
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In Fig. 3-5 are presented some examples data of the radar about the parameters of radar reflectivity of
clouds, max diameter of hailstones and the characteristics of atmospheric phenomena, respectively. In these
Figures, by numbers are indicated the anti-hail missile points for influencing on clouds. Note that the
supposed location of the tornado (point N 13 in Fig. 1) is located near missile point N 35, and the Alaverdi
Cathedral (point N 0 in Fig. 1) is not far from missile point N 70.

As the analysis of the radar data showed, from 17.11 to 17.36 the thunderstorm-hail cloud, which was
actively attacked by anti-hail missiles to prevent hail, was a two-cell system with max radio echo heights of up to
15 km. The lower cell was more active. The tornado, fueled by it, apparently arose at 17.11-17.14, and reached the
territory of the Alaverdi Cathedral at approximately 17.30, having traveled about 5.7 km [10] at an average speed
of 18-21 km/h. This corresponds to the average speed of the cloud during the same period of time (Fig. 1). It
should also be noted that strong gusts of wind were observed inside the cloud (Fig. 5, designation “Squall
severe”), which contributed to the formation of a tornado and its existence for at least 22-25 min.

Conclusion

In the near future, we plan estimation of the speed of air flows inside a tornado, clarify the strength of
the tornado, etc.
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EXPERIMENTAL MODELING OF ATMOSPHERIC PROCESSES IN THE
LARGE CLOUD CHAMBER OF THE M. NODIA INSTITUTE OF
GEOPHYSICS, TSU. PAST, PRESENT, DEVELOPMENT PROSPECTS
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M. Nodia Institute of Geophysics of the I. Javakhishvili Thilisi State University, Georgia
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Abstract. The paper presents a brief overview of studies on modeling atmospheric processes in a large cloud
chamber of the M. Nodia Institute of Geophysics of Iv. Javakhishvili Thilisi State University. Prospective plans for
Sfurther development of these studies are presented.

Key Words: large chamber, experimental modeling, atmospheric processes.

The ability to predict the evolution of the atmosphere over a wide range of time scales (from hours to
decades), as well as active influences on atmospheric processes (hail control, precipitation induction, fog
dispersion, forest fire suppression, etc.) bring enormous benefits to society. Atmospheric simulation
chambers are among the most advanced tools for studying and quantifying atmospheric processes and are
used to determine many parameters included in air quality and climate models, weather modification
methodology, etc. In particular, more than 80 chambers with a volume of 0.1 to 270 m’ are currently used in
developed countries to simulate various processes occurring in the atmosphere and cloud environment. At
the same time, a significant part of these chambers operate only in warm mode [1,2].

In the mid-seventies of the last century, a unique experimental complex for modeling various physical
processes occurring both in a cloudless atmosphere and in clouds was created at the Institute of Geophysics
of the Georgian Academy of Sciences. The project for this complex was developed by the Georgian State
Institute of Urban Design [3].

In essence, the thermal pressure chamber is a unique giant device built into a laboratory building — a
unique architectural monument (Fig. 1).

Fig. 1. Large cloud chamber. On the left — general view, on the right — diagram of the layout inside the building.
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Fig. 2. Large cloud chamber. On the left — diagram of the arrangement of equipment and devices,
on the right — example of the arrangement of a source of ultraviolet radiation for ozone generating.

The large cloud chamber (thermo-baric chamber, fog chamber, aerosol chamber, etc.) represents a
vertical cylinder with conical bases. The volume of the chamber amounts to 260 m’, total height — 17 m, the
height of the cylindric part — 13 m, diameter — 4.6 m, diameters of two entry hatches — 0.8 m each. In the
upper part of the chamber there is a central pipe (2) 20 m heigh and 1m in diameter. On the side of the
chamber a vertical aerodynamic pipe (3) is connected to its upper and lower parts, which has the size of the
central pipe (2). The velocity of a vertical air flow in this pipe may reach 10 m/sec. Experiments were carried
out at temperatures from -20°C to +20°C inside the chamber. Currently the chamber is functioning in the
warm mode. The chamber is equipped with various devices for laboratory experiments. In various parts of
the chamber electric field measurers (4), transparency registrators (5), aerosol samplers (6), fog aqueosity
measurers (7), hydrometeor (8) and large disperse aerosol (9) dropping devices with a current measurers,
water dispergators (10), hydrometeor holding device with a current measurer (11), fog introducing device
(12), ventilator (13), gates (14), small disperse aerosol, ozone generators (15), aerosol concentration and size
spectrum measurers (16), sedimenting particle charge measuring plate (17), aerosol charge and mass
measurers (18), air ionizer with a high voltage supply (19), air temperature, humidity, ozone concentration
and another measurers (20), etc. are installed (Fig. 2).

In particular, the following important results were obtained based on laboratory experiments [4-19]: the
consumption rates of ice-forming reagents required for further improvement of the methods for influencing
hail processes were clarified; the aerodynamic characteristics of falling hailstones were clarified, which
made it possible to obtain initial data for theoretical calculations of the growth and melting process of
hailstones of various shapes, densities and sizes; the role of electric fields and discharges was experimentally
revealed both during hailstone growth and in the heterogeneous mechanism of formation and growth of the
ice phase on particles of crystallizing reagents; the laws of laser radiation propagation were studied under
various conditions characteristic of the earth's atmosphere; the processes of cloud environment electrification
during the interaction of droplets with coarse aerosols and ice-forming substances were studied; the
properties of various reagents for regulating thunderstorm activity of clouds were studied; the processes of
aircraft elements electrification in a simulated cloud environment were studied; tests of disk generators of
monodisperse droplets were conducted; the processes of washing out aerosols by artificial raindrops were
studied; work has begun on developing methods for creating smog ozone and actively influencing it in order
to reduce ozone concentrations
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It should be noted that in the eighties of the last century, the thermal pressure chamber had the status of
an international laboratory within the framework of the CAPG (Commission for Multilateral Cooperation of
the Academies of Sciences of Socialist Countries on the Complex Problem of "Planetary Geophysical
Research").

In the future, the following studies are planned:

—  Modeling of soil erosion processes;

—  Modeling of slanting rains on buildings and structures [the work has begun, 20];

— Development of new and improvement of existing methods for creating various aerodisperse systems
(neutral and charged fogs, aerosol formations, etc.);

—  Modeling of the processes of formation and evolution of photochemical smog;

— Modeling of the processes of the impact of ionizing radiation (radioactive, cosmic, electromagnetic) on
the transformation of microphysical and electrical characteristics of clouds;

— Modeling the influence of a complex of various meteorological and geophysical parameters (electro-
magnetic fields and radiation, ozone, meteorological elements, etc.) on living organisms and plants;

—  Development of new and improvement of existing methods of influencing harmful characteristics of the
atmosphere (dispersion of warm fogs; purification of air from aerosol and gas impurities; protection of
living organisms and plants from high concentrations of ozone and levels of electromagnetic fields and
radiation, including ultraviolet, etc.);

— Improvement of precipitation control methods.

The issue of restoring the previous functions of the pressure chamber for modeling atmospheric
processes at negative temperatures using appropriate modern cooling equipment is being considered.

It is also planned to train specialists in the field of experimental atmospheric physics, as well as to
improve the qualifications of interested persons in this field of science.

It is also planned to use the resources of this facility to conduct various educational and cognitive
activities.

Considering the importance of the above studies, under appropriate conditions of state support, the
possibility of participating in international projects and obtaining the status of an international laboratory is
not excluded.
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TESTING THE “SLANTING RAIN” RECORDER IN A THERMOBARIC CHAMBER
Chikhladze V., Kartvelishvili L.

Abstract: Information is given on the so-called about indirect rains, its importance in construction and architecture is
explained, and also the stand created for tests of the mock-up of the indirect rains recording device conducted at the
thermobarocamera of the Institute of Geophysics of TSU is presented.

Key words: Thermobaric chamber, oblique rain, sprinkler system, hard precipitation, wind at a height, construction
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GOOD PRACTICES OF LANDSLIDE HAZARD MONITORING
AS A SUPPORT FOR SUSTAINABLE SPACE DEVELOPMENT -
EXAMPLES FROM POLAND
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Abstract. The southern Poland has fragmented structure of land parcels, highly relief area, and the geological
structure conducive to landslides. There are numerous examples of landslides. The Landslide Protection System is
a project of national importance, which is being implemented in several stages. The basic objective of the SOPO
project is to identify and document all landslides and areas potentially threatened by mass movements in Poland
and establish a system of in-depth and surface monitoring. This provides a starting point for mapping landslide
susceptibility and, at a later stage, for developing a system of forecasting, assessment and mitigation of landslide
hazards in Poland, i.e. for limiting to a considerable extent the damage and destruction caused by landslide
development.

Keywords. property boundaries, landslides, risk maps

Introduction

At the global scale Poland is described as a country with low susceptibility to landslides [1]. The European
Landslide Susceptibility Map made within the ELSUS1000 project available on the website of the European
Soil Data Centre (ESDAC) only in the southern part of Poland, in the Carpathian Mountains and in parts of the
Sudety Mountains the landslide susceptibility was described as medium and in some places high [2].

The occurrence of landslides depends on a set of factors that determine the stability of slopes. These are
referred to as passive factors and include (1) geological conditions i.e. lithological and tectonic conditions,
(2) morphological conditions such as slopes, exposure and slope shape, (3) hydrological and hydrogeological
conditions and (4) land cover [3]. On the other hand, the occurrence of a landslide itself is triggered by active
factors, i.e. precipitation, fluvial or marine erosion, seismic shaking or human activity [4].

The most susceptible areas to mass movements are those where landslides have already occurred. In
practice, a landslide susceptibility map is drawn up on the basis of an analysis of known factors [5]. The map
gives a picture of the potential for landslides to occur in a given area due to the environmental conditions
there [6]. Until a few years ago, the landslide hazard message in Poland limited the problem of mass
movements to the Carpathian Mountains. On the basis of the inventory of landslides in Poland in 1968-1970,
a map with the distribution of areas threatened by mass movements was prepared (fig. 1). This was the basis
for the development of the Landslide Protection System (SOPO), which covers the whole country.
Conducted by means of a uniform and consistent method, the inventory of landslides [7] and provides an
increasingly detailed picture of Poland in terms of landslide hazards.

The scale of the landslide problem, with particular attention paid to land tenure relations, can be seen on
the example of one of the foothill villages, Grzechynia, located in the county of Sucha Beskidzka, in the
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municipality of Makow Podhalanski. Due to the high fragmentation of land parcels, there are more than
10,000 land parcels in an area of approximately 18.3 km>, with an average plot size of 0.18 hectares (see fig.

2, table 1).

Landslide susceptibility
B very high
B high
medium

B low

irrelevant

Fig. 1. Landslide susceptibility map of Poland with mark on the village Grzechynia in Carpatian
Mountains (yellow rectangle). Source: own study based on [3].

A

Plot area [ha]
[ 10-045

[ 045234
B 2.34-6.10
B 6.10-14.55
Il 14.55-43.27

Fig. 2. Spatial distribution of plot sizes in one of the village in Carpathian Mountains in
Poland — the village of Grzechynia. Source: own study.
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Table 1. The characteristics of plots in Grzechynia village in Carpatian Mountains.

Percentage Percentage
. . Total area of plots ) Average
Size of plots | Number proportion to L proportion to )
No : in size groups area (in
(in hectares) | ofplots | the total number . the total
(in hectares) hectares)
of plots plots area
1 0-0.45 9,548 95.1 1139.37 62.3 0.12
2 0.45-2.34 455 4.5 328.93 18.0 0.72
3 2.34-6.10 24 0.2 95.24 52 3.97
4 6.10-14.55 11 0.1 117.23 6.4 10.66
5 14.55-43.27 6 0.1 148.06 8.1 24.68
Total 10,044 100% 1828.83 100% 0.18

Source: own study

Landslide Protection System (SOPO) and landslide data

The specialists from the Geohazards Centre of the Polish Geological Institute and a dozen geological
companies in southern part of Poland have already located and inventoried over 70,000 landslides and over
6,500 areas at risk. As we can observe there are some examples of risk areas also in Grzechynia village (fig. 3).
In Poland monitoring is being carried out on several dozen particularly hazardous and active landslides using
the latest research methods. Approximately 38% of the landslides are classified as active and periodically
active. The proportion of active landslides may now be higher, as mass movements are dynamically variable
phenomena in time, and some of the work was done before the so-called landslide catastrophe of 2010,
which resulted in thousands of landslides becoming active.
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Padstwowy Instytut Geologiczny - P18
Fig. 3. The front page of Landslide Protection System in Poland for landslide data searching.
Most mass movements and their associated hazards occur in the Carpathian Mountains contributing to
serious material losses. For this reason, the main emphasis of mapping work has so far been on the Silesian,
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Lesser Poland and Subcarpathian Voivodeships. The current state of reconnaissance makes it possible to
estimate that there may be more than 100,000 landslides in Poland [8].

On the basis of landslide susceptibility data, it can be concluded that the probability of landslides is
about 15% of the area of Poland. Very often, mass movements are recorded in anthropogenic embankments,
which were not taken into account in the draft SOPO. Very high and high landslide susceptibility together
cover just over 6% of the country's area [3].

Conclusions

The landslide susceptibility map of Poland provides an indicative picture of the hazards that may arise
from mass movements. The researchers compared the susceptibility map with the database of topographic
objects at a scale of 1:10,000. They calculated that in the landslide-prone area, which accounts for 15% of
the country's area, there are 1 051 989 buildings, of which more than 570 000 are residential buildings. More
than 25,000 industrial buildings are located in landslide-prone areas, while there are 9,520 public buildings.
Approximately 7080 km of roads, and 585 km of railway lines run through these areas. It can therefore be
concluded that there is a very large number of vulnerable infrastructure in Poland that may be threatened to
some extent by landslides in the future [3].

Due to the small scale of the input data, the landslide map available in the Landslide Protection System
cannot be used for spatial planning purposes — however, it is of great illustrative value and has another
important application as it is the basis for estimating the costs of planned landslide inventory works and their
verification in individual administrative units. There are also examples of more accurate local landslide
maps, which can be used for planning purposes [9].

The Landslide Susceptibility Map of Poland is updated annually. As the number of identified landslides
increases, so does its quality and accuracy. Further improvement of the quality and detail of this map may
enable better and more accurate input data and further development of methods of landslide susceptibility
calculations in the future.
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MODULATING EFFECTS OF COSMIC RAYS ON SOLAR ACTIVITIES

Bakradze T., Glonti N., Erkomaishvili T., Demurishvili Z., Takadze G.,
Barbakadze P., Gogua R., Alania E.

Abstract. Study of Variation of Cosmic Rays, during solar chromospheric flares is an important issue in modern
cosmophysics because they provide us with relevent information about what the processes taking place in the
interplanetary and near-Earth space.

The article, discusses the variations of cosmic ray intensity and geomagnetic field tension, when the earth is affected by
the high-speed shock wave flow of the solar chromospheric flare. The data were obtained and analyzed in the
cosmophysical and geomagnetic observatories at the M. Nodia Institute of Geophysics of Iv. Javakhishvili Tbilisi State

University on May 8-13, 2024. The relationship between the Forbush effect of cosmic rays and geomagnetic field data
is analyzed.

Key words: Cosmic rays, Forush effects, Magnetosphere, Solar wind.
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