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In Georgia, on February 8, 1918, the first national university in the Caucasus region was
opened. The Society of Founders of Georgian University did the impossible - created the first
national hub of higher education and thus gave young, talented generations the opportunity to get
higher education in their own country.

Ivane Javakhishvili, Konstantine Abkhazi, Grigol Gvelesiani, Ekvtime Takaishvili, Giorgi
Akhvlediani, Shalva Nutsubidze, Dimitri Uznadze, Alexander Didebulidze, Grigol Tsereteli, Akaki
Shanidze, Andria Razmadze, loseb Kipshidze, Tedo Sakhokia, Korneli Kekelidze, Petre
Melikishvili... We commemorate the great scientists and public figures who founded the ancient
University of Georgia, we realize their most important contribution to our country and nation. In
connection with the restoration and development of the public economy in Georgia since the 20s of
the 20th century, on December 30, 1921, the Council of Professors of Thilisi State University
decided to open one semester of the technical faculty in January 1922 (it was assumed, if necessary,
to open the second semester as well).

The university was founded on January 16, 1922, as the Polytechnic Faculty of Thbilisi State
University, which was joined in 1928 by the Engineering Faculty of Thilisi Polytechnic Institute
(founded in 1917) and was formed as the State Polytechnic Institute of Georgia, then, from 1936 -
as the Industrial Institute of Georgia, from 1948 - as the Polytechnic of Georgia Institute, and from
January 6, 1990 - Technical University of Georgia.

Its first session was chaired by Ivane Javakhishvili, Rector of the National University. Prof.,
as the dean of the polytechnic faculty was elected Alexander Didebulidze. On the same day, Andria
Razmadze gave the first lecture in mathematics to the students of the polytechnic faculty. This
started the training process for the preparation of Georgian engineering personnel. For 1922 the
polytechnic faculty looked like this:

* Construction department

1. Architectural specialty;

. Hydrotechnical specialty;

3. Road specialty.
* Mechanical department

1. Electromechanical specialty;

2. Hydromechanical specialty;

3. Thermomechanical specialty.
* Mining department

1. Mining specialty;

2. Metallurgical specialty;

3. Chemical-technological specialty.

Scientific employees of the Transcaucasian Institute of Water Management (the institute was
founded in 1925, and was officially formalized in 1929 - the present Tsotne Mirtskhulava Water
Management Institute of the Technical University of Georgia) made a great contribution to the
establishment of the Technical University of Georgia and its development. where famous scientists
worked in the country, such as: professors - Alexander Didebulidze (one of the founders of the
technical university), loseb Buachidze (rector of the university in 1958-1973), Petre Mamradze
(senior), Mikheil Gagoshidze, academicians - Tsotne Mirtskhulava and Otar Natishvili , professors

N
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- Giorgi Voinich-Sianozhenski, Nikoloz Danelia, Tamaz Jordania (the head of the department of
construction production technology of the Technical University of Georgia, and in 1981-1987 the
deputy minister of construction), Fridon Shatberashvili, Vakhtang Tevzadze, Nina Varazashvili,
Otar Nanitashvili, Shota Bobokhidze, Jamlet Mkervalishvili , Levan Kiknadze, Zurab Eristavi,
Archil Birkaia, Otar Sichinava, Bidzina Mikeladze, Giorgi Abelishvili, Levan Sulakvelidze and
many other scientists.

This day is particularly important for the Technical University of Georgia, because 100 years
ago, on January 16, 1922, the largest and oldest engineering and technical school of our country
was born in the heart of the first national university, which celebrates its 100th anniversary this year
under the auspices of UNESCO.

We congratulate the Technical University of Georgia, the scientific staff of the scientific
research institute, the young generation on the 100th anniversary of the university and wish many
successes in the European integration of education and science of our country.

Givi Gavardashvili

Director of Tsotne Mirtskhulava Water Management Institute of
Georgian Technical University,
Academician
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Environmental protection

MATHEMATICAL MODELING OF THE SPREAD OF POLLUTANTS IN THE
CASPIAN SEA

I. Abdullayev, S. Asadov, A. Hasanaliyev
Baku State University
Baku, Azerbaijan
E-mail: fev.1950@mail.ru

INTRODUCTION

The environmental tensions have become a global problem of the modern era, as a result of pollution
observed on the Caspian Sea, mainly due to the increasing tendency of oil and gas production in the sea in
recent years. That’s why, it is important to study the natural and variuos flows that are currently causing
pollution in the Caspian Sea. These available streams are discharged into the sea in an untreated or partially
treated form. Wastewater discharged into the sea is neutralized and loses its harmful effects depending on the
processes of mixing, flushing, diffusion, biological and chemical conversion in the basin. However, the
intensity of the above mentioned processes depends on the amount and method of basin discharge, the
degree of treatment, the composition, the design of the wastewater discharge facilities and other factors. At
the present, wastewater is discharged into the Caspian Sea from a variety of sources and these sources
include harmful substances discharged into the sea as a result of river pollution, prefabricated industrial
products and agricultural waste, ineffective operation or absence of sewage treatment facilities in coastal
residential areas and recreation centers, maritime transport and operations (leakage into the sea from large
ships) onshore and offshore operation of oil and gas wells, secondary pollution within the seabed, discharge
of pollutants from the coastal areas by atmosphere and water, construction of ports, establishment of a fleet
in coastal countries of the sea, decontamination of devices.

The wastewater is mainly discharged from the shores into the coastal areas of the Caspian Sea.
However, wastewater is discharged spontaneously without treatment from the industrial, domestic, and
sanatorium complexes located within a certain distance from the coast in many places. The wastewater
discharged from the shore cannot penetrate deep into the sea, and the process of recycling is slowed down
because the upper layer does not mix properly. As a result, wastewater accumulates in the shallow surface of
the coast, which disrupts contact between the sea and atmosphere and creates oxygen deficiency necessary
for biological conversion of wastewater,the coast becomes a dead zone and results in the degradation of plots
and areas in the coastal zone, the formation of wetlands, the formation of artificial ponds, the discharge of
reeds, the contamination of the atmosphere, the destruction of flora and fauna along with the deterioration of
the environment in the sea.

In addition to the physiochemical and biological factors, the hydrothermodynamic factors involved in
the transport of this additive also play an important role in altering the concentration of volatile additives
discharged into the sea. Complex investigation of the diffusion processes in the sea, with the help of both
theoretical and practical means, is crucial for the solution of a number of issues. Discharge of technogenic
substances to the Caspian Sea and diffusion characteristics of its distribution is severely deformed by the
effects of average speed gradients. A comprehensive study of the diffusion process in the sea is very
essential for the study and development of contamination in specific aquatories. During oil production in the
oceans and seas, anthropogenic substances (oil and oil products) are spread over long distances from the
source and accumulated at the coast and in various circulation centers and create permanent contamination
zones. The contamination covers deeper waterways, spreading both horizontally and vertically. In the
modern era, intensive pollution of the oceans and seas makes the issues of distribution and prediction of
technogenic mixtures, formation of contamination areas more relevant.
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MAIN PART

The work presented is one of the important applications of dynamic oceanology and is devoted to
mathematical modeling of pollutants in the oceans and seas.

If we denote the mass of elemental volume of seawater with m, and the mass of the pollutant of that
volume with m,, then a quantity will represent the concentration of pollutant determined by the formula C =
me
;.

According to the thermodynamic law, the pollutant entering the ocean from a certain source, causes
equalization of concentration, by penetrating the area where the concentration is less from where the
concentration is high. Pollutant dispersion (transportation) occurs in two ways: the first is creation of the
diffusion flood (F;) of the pollutants due to the thermal action of the molecules. Second, advective transfer
of pollutants through streams (E, ).

That is,

F.=F;+F, voyaF. =—p.AC+ pCV (1)

Here, ¢ — is a molecular diffusion coefficient; p — is a density of seawater; V—is a flow velocity vector; AC —
is a gradient of concentration.

It is well known from thermodynamics that the local divergence of p€ mass of pollutants in the
volume of fluid obtained is equivalent to zero:

225 + divF, = 0 )
If to consider (1), then we can write the formula (2) as

a;icj — _ divApC + divpCV = 0 3)

or

pZ—:+CZ—Z—pcdiv.ﬁC+Cdivp?er\_fdivC =0 4)
If to consider that the equilibrium equation for the non-compressed fluid is so

% + divpV = 0 ()
we derive the following equation by summing them together from equations (4) and (5).

p i—: = p.divAC = p,V?C (6)

If to divide both sides of the equation (6) by p, hydrodynamic equation for the distribution of pollutants will

be as

ac ac ac ac 2
w—=_VC
at Bx By gz ° )

2 2 2
Here, the items of flow rates u, v, w¥ are three-dimensional Laplace operators V= % + :? + %
9*c a*c oé°c
dx? * ay? - dz?
Since the distribution of pollutants in the ocean is turbulent, we’ll get the basic equation for the
turbulent diffusion of pollutants by averaging in equation (7).
£+U §+v§+ oc =, V?C +li_(—pvl C’J =, V?C + 2 K, o« K,v:C (8)
ot oX oy oz £ OX oz oz
(8) equation expresses not the instantaneous price of the contaminant area, but the average value at t time.
The variability of pollutant concentrations in real marine conditions is very complex, and the turbulent
diffusion equation (8) does not fully explain it. On the other hand, the concentration of pollutants depends on
other factors as well: chemical (decomposition, chemical compounds with other substances, precipitation);
physical (conversion to other aggregate position, adsorption, coagulation); biological (accumulation; transfer
with marine organisms).
If to consider the sources of contamination and the physical-chemical relationship of pollutants to the
environment, the diffusion equation can be written as follows:

ac ac ac 9c _ 8 4 3¢ 2 — x5V — v ) —
S T U +v8y+(w+wc)az_azKC32+sz C+Qo(x—x")6(y— y*)o(z—2z")—vyC 9)

Vi€ =

dx
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Here, w.-is specific gravitational vertical velocity; y- coefficient of pollutant volatility; K. and K_.are

respectively, the vertical and horizontal turbulent diffusion coefficients; @ — the power of a source of point

contamination; & - delta function; x*, y*, z"- are coordinates of the source in a three-dimensional space.
Analysis of equation (9) allows to say:

1. This equation is a complete equation that takes into account not only the contaminants dispersion and

turbulent diffusion but also the dynamic properties and sources of contaminants.

2. Depending on the physicochemical properties of pollutants, we can study the dynamic active pollutants,

i.e. pollutants that give sediment (v, > w) or floats (v, < ), as well as the distribution of dynamic passive

pollutants (v, = 0) according to the equation (9).

3. As a result of biological processes, the concentration of pollutants is constantly changing. We can take

biochemical decomposition time (t,), or ¥ change coefficient as the characteristics of changes in the

concentration of pollutants.

The size of y is [T~2]. If ¥ < 0 pollutant decomposition occurs but when ¥ = 0 , its collection occurs.
If ¥ = 0, the concentration of the pollutant does not change, it means the pollutant is conservative. There is

the following relation between ¥ and 7.
¥ = 1r13
To
The range Q&(x —x*)8(y — y*)8(z —z")in the equation (9) determines the presence of the
contamination source having @ power. The function & is included to describe the point source.
Additional boundaries and prerequisites must be provided to find a uniform solution of the equation (9).
At the surface of the ocean, i.e. whenz =0

alpK.2s —pC(By + ) +pQ:] + B(C — C) = 0; (10)
At the bottom of the ocean, i.e. whenz=H
d

apk.Z — pC(By + w) + pQs | + b(C - C;) = 0; (12)

On the side borders, when x, v € L
a[pK. 25— pC(Ba + w) + pQs |+ b(C — C) + [(1+ li—:chZ—D c+(1- ;—:') c]=0 @

Here, a,b are coefficients equal to one or zero; 5;(i = 1,2,3) are parameters indicating the interaction

of pollutants with appropriate conditions; and Q. Qs s the potential of contamination sources at
appropriate boundaries.
As you move away from the source of pollution in the open sea, the concentration of the pollutant is
approaching zero, i.e.
x » o0, y—o, z-—o when C=0 (13)
Let’s give the starting condition as follows:
when t=0 C(x,y,z,0)=C, (14)
Thus, we achieved the boundary issues described in equations (9) - (14). The complete solution of this
border issue is quite difficult. This type of border issues can be addressed through certain simplifications.
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Management of water resources

MANAGEMENT OF WATER ECONOMY BALANCE
OF THE REPUBLIC OF AZERBAIJAN
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Azerbaijan Hydrotechnical and Amelioration Scientific Production Association
Baku, Azerbaijan
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INTRODUCTION

As Azerbaijan has been engaged in irrigation farming for a long time, irrigation water is a great need.
Currently, more than 60% of the water resources consumed in Azerbaijan are used for irrigation of existing
lands. 83% of agricultural crops produced in the country are provided by irrigated lands. Global climate
change in the world has effects on Azerbaijan as well. Thus, against this background, the population of
irrigated areas and the constant increase in industrial fields necessitates an increase in demand for water.
Therefore, starting from the 70s of the last century, extensive scientific research works were started to use
the collector drains, seawater and treated wastewater for irrigation in order to eliminate the shortage of water
resources.

Water economy balances are an integral part of the Management Plans of River Basins and considered
as a basis for determining the implementation sequence of water economy and water protection measures.
The calculation of the water economy balance is carried out for the entire river basin, as well as for
individual farms and water basins with the purpose of estimation of the amount of water resources and the
degree of development of rivers that can be used in different hydrological years.

Research object.

It covers all water economy regions of the republic.

Research methodology.

Modern and existing methods of the world practice used in soil science, water supply engineering and
amelioration, hydrometeorology have been adopted for ameliorative hydrogeology.

The goal of research.

The research is aimed to meet the water needs of the population, animals, industry, fisheries, energy,
irrigation and all sectors of the economy of the Republic of Azerbaijan, ensure environmental protection,
assure the effective management and use of water resources, conduct scientific research on water scarcity, as
well as achieve water and food security in the context of global climate change.

Analysis and discussion.

The total surface area of the Earth is 510 million km? 71% of it is covered by oceans, lakes and seas
29% by lands. According to the estimations of world scientists, the world’s water resources are 1.45 billion
km?. 1.37 billion km® of this water resource, i.e., 94.5%, belongs to oceans and seas, and the remaining to
surface and groundwater. Water and land take one of the leading positions due to their importance,
development areas and irreplaceability among the natural resources. In order to meet the water needs of the
population’s production areas and farms, there is a necessity for the reassessment of water resources and use
them more economically and efficiently. Water is the most significant element of a constantly moving
environment. Two concepts are used for the assessment of water resources: 1) static and 2) renewable water
resources. All surface and groundwater form the united State Water Fund. The main water sources of
Azerbaijan are the Kura and Aras rivers, their tributaries and rivers flowing directly into the Caspian Sea.
The average annual flow of these rivers and their tributaries is 30.5 km?® in high-water years and 22.5 km® in
low-water years, and more than 70% of this flow is formed in neighboring countries and about 30% in local
river basins. The forecasted reserve of artesian water formed in the territory of the republic is 9.4 billion m*
and is spread in the basins of rivers flowing directly into the Caspian Sea.

During the researches, it was revealed that due to global warming over the past 15 years, the amount
of freshwater entering the country from neighboring countries, as well as formed within the country, has
decreased by about 15%. According to the estimations of world scientists, if global warming continues, the
availability of these waters is predicted to decrease by another 15% by 2050.

Taking into account the abovementioned facts, the country’s water economy balance should be
compiled to determine the sufficiency of groundwater and surface water formed in the territory of the
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country for farms and all sectors of the economy. Therefore, a methodology for the calculation of water
economy balance must be developed.

Methodology for calculation of water economy balance — in order to assess the degree and amount of
use of water resources in different phases of liquid-water content of water reservoirs, water economy balance
should be calculated for the entire river basin, as well as for water basins and water economy areas.

Currently, there are more than 174 large and small water reservoirs and daily regulated small ponds in
Azerbaijan. As the financial capacity and demand of farms increase, it is planned to build other reservoirs,
especially in the liberated Karabakh region.

Currently, there are only 11.1 billion m* of water at a sharply lower level compared to previous years
against a water capacity of 22.5 billion m®and 8.6 billion m®of this is dead volume.

Totally, there are 8350 small, medium and large rivers in Azerbaijan. Thus, the length of 8005 of these
rivers is less than 10 km and 320 is less than 25 km.

In addition, there are 815 large and small lakes in the country, and these lakes are unevenly distributed
among the physical and geographical regions.

The mirror surface area of the lakes in the country is 300-330 km?. 62% of the mirror surface area of
these lakes falls on the Kura highland basin. The largest lake area in the country is found on the Absheron
Peninsula.

4,754,590 ha of the total area of 8,641,506 ha of the republic, i.e., 55% are arable lands. 1428,000 ha
of this land are irrigated. More than 80% of crops in Azerbaijan are produced in irrigated areas. According to
the long-range plan, the size of the new irrigated arable land should be increased by 218,000 ha every year.
Although there is enough arable land, this is hampered by a lack of irrigation water.

At the same time, there is a serious need both for the reconstruction of the collector drains network
built during the former USSR, and for the construction of a collector drains network in new areas. According
to recent calculations, the area of such lands is more than 744,000 hectares. Additionally, according to recent
calculations, more than 544,000 hectares of land are salt-affected and salinized. Their purification and
putting into agricultural use are awaiting a solution.

As more than 90% of irrigation channels built in the country are ground channels, the volume of water
losses during its transportation varies between 40-50%.

Thereby, the amount of water supplied to irrigation increases, while half of it is lost during
transportation. Considering the scarcity of land and water shortages in the country, urgent scientific and
practical measures must be developed and implemented to prevent these losses.

The structure of the water economy balance consists of income and expenditure parts, as well as its
outcome. Certain components of the balance reflect engineering solution of related issues, such as efficient
use of water, regulation of flow and its distribution on the site. Surplus or deficit of flow is characterized on
the basis of compiling the water economy balance. The following formula was used to compile the water
economy balance of the water economy sector (STS).

STB= Wsts+Wyan+Wy.a.s+Wq.siWni AV + AW inuz_Wbux_Waz_Wii.s.t_Ws.e.a_Wy.ii.o

where: STB - the outcome of the water economy balance (surplus or deficit);

W the volume of water entering the reported layer from the areas located in the upper part of the studied
water reservoir, in min.m*;

Wy the volume of water entering the water economy area from the side during the reporting period,

W, .s— the volume of water taken from underground water reservoirs under the rules established by the
legislation;

W,s— the volume of water returning to the water economy area, groundwater and surface water entering
from irrigated areas, sewage and drainage water discharged into water reservoirs;

=W =W axi— Wsi— the volume of water entering the boundaries of the STS (+) (Wga) Or the volume of
water discharged outside the boundaries of the STS (-) (W) as a result of inter basin and intra basin
flow transfers;

+AV filling (+) or emptying (-) of puddles and reservoirs in the reported water economy area;

Wi~ the volume of water losses caused by ice formation in the area of the reservoir during winter filling
or water restoration caused by ice melting in spring;

Wiux— the volume of water loss caused by evaporation in the waters of water basins within the STS;

W, — the volume of leakage losses from reservoirs, irrigation channels and other surface water reservoirs
within the reported water economy area;
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W,, — the volume of flow decrease in the river as a result of taking water from groundwater bodies
connected to the river by hydraulics;

W, — the volume of total demand of water consumers in the territory of the reported water economy area;

W, ;... — the volume of water taken from surface water reservoirs located within the boundaries of STS;

W, . .— the volume of environmental health flow.

Water economy balance can be annual, seasonal (spring, summer, autumn, winter), monthly, decadic
and can be compiled for each economic infrastructure and water resources such as rivers, lakes, reservoirs,
artesian wells, sub-artesian wells, ware reservoirs and other facilities.

The annual water economy balance is used to review the overall situation in terms of providing the
territory of the country with water resources.

From ancient times to the present day, soil and water plays an important role in shaping the basis of
human civilization. Even today, the factor of land and water has not lost its historical significance, on the
contrary, their role in human life has increased. Therefore, in addition to the usage of organic and mineral
fertilizers, to determine the rate of irrigation of agricultural crops and the number of irrigations is of
exceptional importance in order to obtain high yields from the soil.

Generally, the water economy balance is compiled in the following order:

- Preliminary determination of measures for regulation and discharge of river flows;

- Determination of income parts of water economy balance;

- Determination of expenditure parts of water economy balance;

- Analysis of the results obtained based on the comparison of the income and expenditure part of the water
economy balance;

- Specification of pre-selected water supply measures based on the planning of measures to reduce water
demand.

Therefore, to compile the water economy balance for the republic, it has been developed based on field
research conducted in accordance with the thematic plan of Azerbaijan Hydrotechnical and Amelioration
Scientific Production Association, taking into account the agro-industry, drinking water supply, the water
supply of other fields and losses, using the data provided by the State Statistics Committee, the State,
Azerbaijan Amelioration and Water Management Open Joint-Stock Company, the Ministry of Emergency
Situations, the Ministry of Ecology and Natural Resources, and the State Water Cadastre (Table 1).

The analysis of the water economy balance in the economic regions of Azerbaijan and the real
possible use of water consumers and the total cost of water shows that in ten years low-income areas are
founding Absheron, Mil-Karabakh, Shirvan, Ganja-Gazakh, Mughan-Salyan and NAR, in other words, in
major residential and agricultural areas.

Table 1
Annual water balance of Azerbaijan (million m®)
No. Indicators 2018 2019 2020 2021 2022
1 2 3 4 5 6 7
1.1 Input 39308.4 36835.6 | 33818.1 | 36379.2 | 36376.6
1.1.1 Remainder in reservoir at the 11067.2 119446 | 10575.1 | 11178.9 | 11475.6
beginning of the reporting period
1.1.1.1 in the reservoirs of State Water
Reserves Agency of the Ministry of
Emergency Situations of the Republic 10234.8 10837.7 9432.9 9873.0 10009.7
of Azerbaijan
1.1.1.2 in the reservoirs of Azerbaijan
Amelioration and Water Management 262.1 354.0 350.5 684.1 724.2
0JsC
1.1.1.3 in reservoirs located in Nakhchivan 570.3 752.3 741.7 621.8 741.7
Autonomous Republic
112 Water reserves formed across the 28241.2 24891.0 | 23243.0 | 25200.3 | 24901.1
country
1.1.2.1 Surface water reserves 19584.1 16223.9 | 146159 | 16548.2 | 16259.0
1.1.2.1.1 | Formed across country 4809.9 4852.4 4503.0 5755.9 5667.0
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1.1.2.1.2 | Input from neighboring countries 14774.3 113715 | 101129 | 107929 | 10591.9
1.1.2.2 Underground water reserves 8657.1 8667.1 8627.1 8652.1 8642.1
1.2 Output 39308.4 36835.6 | 33818.1 | 36379.2 | 36376.6
121 Utilization of water reserves 7989.4 8306.1 8421.0 8566.4 8584.9
(excluding energy)
1.2.1.1 energy 29474.1 26797.7 | 19506.7 | 20452.2 | 20843.9
1.2.1.2 drinking water supply 357.6 387.2 401.1 410.5 422.2
1.2.13 raw water supply 7631.8 7918.9 8019.9 8159.9 3162.7
1.2.1.3.1 | irrigation 6915.8 7305.3 7397.1 7528.6 7528.4
1.2.1.3.2 | industry 41.2 44.0 28.8 313 29.6
1.2.1.3.3 | fishing 82.5 62.2 71.7 72.1 76.1
1.2.1.3.4 | households 525.9 457.0 475.5 477.0 481.0
1.2.1.3.5 | other 66.4 50.4 46.8 46.9 47.6
1.2.2 Losses 5858.3 4984.0 4656.0 4482.7 4688.5
1.2.3 Non-utilized water 13516.3 12970.5 9562.2 118545 | 11981.7
1.2.3.1 Underground water reserves 6535.3 6274.8 6423.6 6465.2 6437.3
1232 Other (mainly flowing to the Caspian 6980.7 6695.7 3139.2 5389.3 5544 .4
Seas via rivers)
124 Remainder in reservoirs by the end of 11944.6 10575.1 | 111789 | 114756 | 11121.6
reporting period
1241 in the reservoirs of State Water
Reserves Agency of the Ministry of 10837.7 9482.9 9873.0 10009.7 9815.1
Emergency Situations of the Republic
of Azerbaijan
1.2.4.2 in the reservoirs of Azerbaijan
Amelioration and Water Management 354.6 350.5 684.1 724.2 684.6
0Jsc
1243 in reservoirs located in Nakhchivan 752.3 741.7 621.8 741.7 621.9
Autonomous Republic

In order to provide water to irrigated lands based on the efficient use of available water resources,
long-term and seasonal regulation of flows can be carried out through the construction of reservoirs on rivers
and main channels.

From the indicators of the water economy balance of the Republic of Azerbaijan, it can be seen that
the water shortage in the country increases every year. Thus, this figure increased from 3.8 km® to 5.1 km®. It
is recommended to use collector drains, seawater and treated wastewater in accordance with soil conditions
and ameliorative situation to eliminate water shortage.

Moreover, losses from water management assets should be minimized and transferred to modern irrigation
technology. In order to implement them, there is a need for allocation of the necessary state funds in this
area.

CONCLUSION

- The principles of improving the structure of efficient use of water and land resources are substantiated,

- Limitation (shortage) of water resources and their involvement in the growing economic turnover,
expanding the scientific justification for further use of water and, if necessary, reuse of water resources
should be widespread,;

- Hydrological water management and agro-ameliorative measures in the field of water and land resources
management should be developed by scientific-research and design institutes of the republic;

- Taking into account the main goal that covers the development of optimization and imitation model
systems of natural water management processes, as well as the efficient use of water and land resources,
methodological bases for the management of the use of water and land resources allowing substantiating
complex measures to ensure the development of the region should be developed:;
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Effective methods should be developed to increase the fertility of irrigated lands by improving their

ameliorative state, to maintain the eutrophic depth of cover and mineral content of groundwater and to
combat soil salinization;

Extensive application of modern information and communication technologies in the field of water
resources management, automation of water control and accounting systems should be implemented.
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INTRODUCTION

The colossal housing construction carried out in the Republic of Azerbaijan after the establishment of
independence is accompanied by the construction of cultural, entertainment, sports, utility and other public
buildings. The construction of public buildings during the reconstruction of existing cities and the
construction of new settlements have a great importance in urban planning.

Public buildings must meet the material and cultural needs of society; correspond to the life of people
and the principles of modern aesthetics.

The forms and types of public buildings (schools, stadiums, theaters, etc.) that have evolved over the
centuries have taken on new forms in our society. Independent Azerbaijan also gave rise to new types of
public buildings, such as the Olympic complexes and others, which in their content reflect new forms of
public life.

Public buildings are built in cities, towns and other populated areas as indispensable elements of the
network of cultural and community services for the population.

The basis of the architectural composition of public buildings is primarily their purpose, i.e. the vital
function for which buildings are built.

The unity of the functional content and architectural form, finding the optimal parameters of the
building and its artistic expression are the main tasks of the architectural composition.

MAIN PART

In accordance with the requirements of life, the functional processes and types of public buildings are
periodically modified. For the formation of modern types of public buildings, progressive trends are
characteristic: the cooperation of a number of processes in one block and the universal use of premises for
various functions.

In order to correctly solve the problems of architectural composition, it is necessary to bring various
functional processes occurring in the building into a certain system, which will serve as a starting point in the
design.

An analysis of the design experience and practice of building public buildings shows that, despite
significant differences arising from the features of the purpose of buildings, in the structure of their
functional processes there is a commonality inherent in all types of public buildings, namely:

Each building, depending on its purpose, has a main function. For example, in medical buildings -
treatment of patients, in buildings for spectacles - showing theatrical performances and films, holding sports
games and watching them, etc. Sometimes the purpose of the building makes it necessary to divide the
building into a number of equal groups of premises, as, for example, in a club where there are entertainment,
circle, library, sports and other groups; in the sanatorium there are groups: medical, nutrition, entertainment
and residential; in each building, also depending on its purpose, there are a number of utility and auxiliary
rooms - artistic at the stage, rooms for servicing athletes (cloakrooms, showers, massage, etc.), etc.; in each
building there are premises intended for general maintenance - lobbies, wardrobes, sanitary facilities,
washrooms.

The relationship between individual rooms or their groups, in which certain processes take place,
depending on the purpose of the building, is carried out with the help of horizontal and vertical
communications - stairs, elevators, corridors, etc.
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The sequence of functional processes occurring in the building determines the overall compositional
scheme of this type of structure: the order of placement of premises or their groups, the nature of the
relationship and other special requirements. This scheme for each type of building acquires specific
distinctive features.

Since the middle of the twentieth century, the processes of urbanization have sharply intensified, in
connection with which the tasks of urban planning and planning have increased and continue to increase not
only in individual cities, but in entire regions and even countries. The problem arose of recreation for the
population, restoration of strength in direct contact with nature, the connection with which became so
important that it became one of the main tasks of detailed planning.

Recently, the living conditions and life of the population are changing very quickly. Cities develop
and grow with unprecedented speed, absorbing and uniting within their borders previously independent
settlements.

It is formed by the so-called agglomeration of cities, the accumulation of the population in relatively
small areas. Along with this, modern vehicles, cars, urban public transport, make it easier to overcome
distances and create new, previously unknown, conditions for recreation in the bosom of nature, as well as
for physical education and sports.

In these territories or in their neighborhood, conditions should be created for physical education and
sports, which are necessary for the restoration of human strength. Therefore, it can be argued that the
development of automobile traffic and mass modes of transport and the mass out-of-town trips resulting
from this development by no means exempt from the need to provide in the general plans of cities for the
construction of sports facilities and landscaping associated with residential areas, cities and towns.

The spread of physical culture among the population necessitates the construction of a variety of
sports facilities, not only in large cities, but also in the smallest villages.

Initially, sports facilities were built only in the largest cities and were completely absent in rural areas
and small towns. But even where these structures were built, plots on the periphery of cities, wastelands and
land inconvenient for residential development were allotted for them. However, the growth of cities has led
to the development of these sites, and only in a few cases have they been included in the system of urban
green areas.

Paid to the physical education of the population in the Republic of Azerbaijan . In all cities of the
republic, the construction of sports facilities, stadiums, sports palaces, sports grounds for hand games, etc.,
began.

In the capital of the Republic of Azerbaijan, the city of Baku, the construction of the Olympic Stadium
was carried out, the sports palace was reconstructed according to modern requirements, a gymnastics hall
and many other facilities. In the suburbs of the city of Baku, on the Absheron Peninsula in the settlements of
Mashtagi, Dubendy and others, modern Olympic sports complexes have been built. Large Olympic
complexes have been built in the satellite cities of Baku, Sumgayit, Alatakh and others, in which, along with
training sessions, international sports competitions can be held.

In all cities, regional centers-supporting cities, such as Ganja, Shemakha, Shirvan, Kazakh, Guba and
others, Olympic sports complexes have been built.

The importance of sports facilities in the general plan of the city, their social and educational role
make it necessary to pay special attention to their planning and artistic and architectural design while
maintaining the correct proportions between urban development and green spaces.

Among the main components of the city, the most important role is played by sports areas, with their
characteristic rhythm of life: the silence and calmness of everyday activities, and the noise, animation and
excitement of sports during sports competitions, which attract numerous spectators to the stands. Therefore,
when designing the placement of sports facilities in cities, it is necessary, on the one hand, to meet the
requirements of the daily nature of physical education and create conditions conducive to relaxation, and on
the other hand, to take into account the social significance of major sports competitions. All this should be
reflected in the project for the development of sports areas, in particular, in the correct solution of the details
of the sports complex, the architectural and artistic design of the layout of the entire territory and its clear
connection with the layout of the settlement.

The size of sports zones and types of sports facilities depend on the size of the settlement, the number
of residents using sports and physical education facilities, as well as on local traditions and customs.

22 Collection of scientific papers of Ts. Mirtskhulava Water Management Institute N°75, 2022



ISSUES OF FORMATION AND DEVELOPMENT OF SPORTS FACILITIES
IN THE CITIES OF THE AZERBAIJAN REPUBLIC

CONCLUSION

From the point of view of the detailed planning of settlements, sports areas can be divided into four
groups:

1. Zones of "close recreation" located directly near residential buildings. These zones are not protected
by anyone, are not fenced and are available to everyone. Small separate playgrounds for small games are
arranged here, stationary sports equipment for mass use is installed. Physical culture and sports zones of
"close recreation” are of particular importance in cities with continuous development, where the direct
adjacency of residential areas to forest and park belts is difficult, or even impossible.

2. Microdistrict physical culture and sports zones, as a rule, are fenced groups of sports facilities, the
size and range of which largely comply with the requirements for physical education of students in basic
(primary) and secondary educational institutions.

Due to the accessibility and possibility of using these areas by the entire population, they should be
considered the main network of sports facilities in the city. Unfortunately, for the construction of micro-
district sports grounds and other structures, as a rule, too few plots free from development are allocated.
Even in micro-district parks, the design of which in each micro-district is recommended by the current rules,
only children's playgrounds are provided, and the needs of the adult population and youth in active recreation
often remain unsatisfied.

3. Sports facilities in urban areas are mainly intended for training and sports competitions. Mostly,
these facilities, sports grounds or their entire complexes are at the disposal of sports societies and clubs.

They must satisfy the needs for physical education and active recreation of residents of nearby areas of
the city. Depending on local conditions, sports and entertainment facilities of local importance can be
included in the number of district facilities.

4. Citywide sports facilities are designed for sports and entertainment events.

This classification should be amended depending on the size of the city and local topographical and
climatic features. The fact is that, depending on these features, certain types of sports facilities may belong to
the highest or lowest group: if this is not taken into account, in a small town, sports and entertainment events
will have to be held on a sports field and ground that do not meet the requirements for sports - spectacular
buildings located in a big city. Meanwhile, sports facilities for official competitions must meet the size and
standards for these facilities, regardless of the size of the city or town where they are located. Thus, in
addition to the functional division, when planning sports facilities, the size of the settlement should be taken
into account as the second criterion, taking into account the professional occupations of the majority of the
population.
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PREAMBLE

Drought is a normal, recurrent feature of climate, erroneously considered as a rare and random event,
occurring in different areas of the world. It is primarily driven by a deficiency of precipitation, the effects of
which can be enhanced or reduced at any stage of the water cycle, over a given period of time: short time
scales (months) characterize meteorological drought, while longer time scales (years) indicate hydrological
drought. It differs from aridity though, which is restricted to low rainfall regions and is a permanent feature
of climate. Unlike other natural disasters, drought events evolve slowly and their impacts generally can span
over a long period of time, but sometimes the onset of conditions can be very rapid, producing serious
consequences for a range of human activities, leading to famine and numerous losses of life. Between 1976
and 2006, the number of people and areas hit by drought arose by almost 20%, and the yearly average cost
has quadrupled.

As actual data foresee dramatic scenarios of increasing global warming, it is very likely that droughts
will occur more frequently, last longer and become more intense, especially in southern and eastern parts of
the Mediterranean. With a 3°C increase of average temperatures expected in 2100, drought losses could be 5
times higher compared to today, with the strongest increase projected in the Mediterranean and Atlantic
regions of Europe. For this reason, effective capability to accurately forecast the onset, persistence and
cessation of drought conditions might enable more effective mitigation strategies to be developed. A
comprehensive assessment of the phenomenon and the possibility to predict future drought events are thus
essential, in order to develop adequate solutions for a sustainable water resources management and a
comprehensive risk assessment, in order to face the negative impacts of present and future extreme climatic
events. However, this remains a complex task, because of the random character of precipitation, which is the
basic variable commonly used for drought assessment.

On this regard, an interesting approach had been introduced by Chet Ropelewski and Michael Halpert,
who for the first time produced a robust analysis describing regional shifts of precipitation and temperature
distribution on a global scale, during the two phases of the El Nifo —Southern Oscillation (ENSO). The
research carried out by Ropelewski and Halpert essentially provided a “consistent methodology for the
definition of the geographical regions and the temporal phase of ENSO-related precipitation (1986) and
temperature (1987)". This research expanded on the observations of previous work, by establishing the
coherence and magnitude of these temporal and spatial shifts. For example, when the ENSO index was
positive (indicating El Nifio conditions and cooler waters over the western equatorial Pacific Ocean),
Ropelewski and Halpert found that dry conditions in Northern and Eastern Australia were highly probable.

Quantifying the ENSO phase-specific geophysical impacts afforded more accurate climate forecasting
with longer lead times and tailoring for a more precise geographic area. Ropelewski and Halpert also looked
at the link between ENSO events and regional precipitation patterns around the globe (1987). The area
comprised between North-eastern Latin America from Brazil up to Venezuela shows one of the strongest
relationships: in 17 ENSO events, this region had 16 dry episodes. Other areas from their study also showed
a strong tendency to be dry during ENSO events. In the Pacific basin, Indonesia, Fiji, Micronesia, and
Hawaii are usually prone to drought during an event. Virtually all of Australia is subjected to abnormally dry
conditions during ENSO events, but the eastern half has been especially prone to extreme drought. This is
usually followed by bush fires and a decimation of crops. India has also been subjected to drought through a
suppression of the summer monsoon season that seems to coincide with ENSO events in many cases. Eastern
and southern Africa also showed a strong correlation between ENSO events and a lack of rainfall that brings
on drought in the Horn region and areas south of there.

Another region they found to be abnormally dry during warm events was Central America and the
Caribbean Islands. Thus, according to what has been published, ENSO events seem to have a stronger influence
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on regions located at lower latitudes, especially in the equatorial Pacific and bordering tropical areas. On the other
hand, relations at the mid-latitudes haven’t been exhaustively investigated so far, but they seem not to be as
pronounced, nor as consistent in the way El Nifio affects wet or dry weather patterns. The intensity of the
anomalies in these regions, according to earlier bibliography, seems also to be more inconsistent than those of the
lower latitudes. As a matter of fact, it has long been a matter of debate whether and how the El Nifio Southern
Oscillation (ENSO) warm and cold extremes influence Euro-Mediterranean rainfall. In their first studies
Ropelewski and Halpert (1987) observed some anomalous rainfall occurring in Southern Europe and
Mediterranean Middle East regions, but concluded that the influence of ENSO in these regions was uncertain.

On the other hand, a number of other papers have indicated that ENSO related rainfall anomalies have
been found at a nation-wide scale in North Africa and Middle East regions in different periods of the year
(Rodo et al., 1997; Price et al., 1998; Turkes, 1998; Arpe et al., 2000; Nazemosadat and Cordery, 2000).
Nevertheless, it would be indeed worthwhile to further investigate if significant relationships can be found in
the Mediterranean area and, if this is the case, whether the influence of ENSO on climate and rainfall
patterns display its effects in the same way it does at lower latitudes; or, on the other hand, by means of
different behaviors. Therefore, to improve the acknowledgment of eventual relations existing between ENSO
and the annual variability of rainfall in the Mediterranean sector, looking at the possibility to predict drought
events and the relative amount of precipitation or lack thereof, leading to drought conditions, is by no means
something to investigate. Final goal is the conceiving and the effective implementation of a reliable, easy to
handle drought forecasting methodology as an essential tool to develop efficient mitigation and recovery
strategies, besides providing indication of how long drought conditions may continue, enabling improved
planning and water resources allocation.

GENERAL PART (OBJECT OF STUDY AND METHODS)

The study has been conducted in Basilicata Region, an area of about 10.000 km? placed in the middle
of the mountainous complex of Apennines, in Southern Italy (Figure 1). Its physical and environmental
conditions are similar to many other Mediterranean zones, enjoying a varied climate depending on latitude
and altitude (Figure 1).

PUGLIA

e
MATERA?

0

CAMPANIA

Mar Jonio

Mar Tirreno —
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Fig. 1. Location of Basilicata Region in Southern Italy

The orography of the region affects climate and rainfall: variability is such that in the Southwest
Apennines facing the Tyrrhenian Sea, a maximum annual rainfall of 1,500 mm up to 2,000 mm is recorded
on average, while Southeast lonic coast-oriented basins of Bradano, Basento and Cavone rivers reach levels
of no more than 600 mm/year (Figure 2).
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Fig. 2. DEM (Digital Elevation Model) of the Basilicata Region with gauging stations (red dots).

The average annual values of minimum and maximum temperature are 10.2 and 21.4 °C in January
and July respectively, thus indicating that the territory considered is characterized by a mild climate. The
coldest month is January, with an average minimum value of 3.1 °C, whereas the higher average values of
the maximum temperatures (31.5 °C) are observed in July. The evaporative demand is usually lower during
winter months, being January cumulative values equal to 43 mm on average; on the other hand, in the
summer season, a mean cumulative value of 262 mm is reached in July (Leogrande et al., 2007). For the
purpose of the study the analysis of rainfall has been carried out taking into account a precipitation series
with daily 24h cumulated rainfall values belonging to seven hydrological station belonging to the five main
river basins of the region. The period examined ranges from January 1% 1951 to December 31* 2020. Table 1
shows the information for each of these gauging stations. The location of all rain gauge stations in the basin
is shown in Figure 2 (red circles).

Table 1

List and characteristics of the pluviometry stations included in the data base

. . . . Altitude

Name River Basin  Latitude Longitude (M+MSL)
Noepoli Sinni 40° 05’ 35> 16°21°24° 676
Stigliano Agri-Sauro  40°24° 30> 16° 13”33’ 800
San Mauro Forte Cavone 40°29° 00> 16° 16’ 24° 565
Albano di Lucania Basento 40°35° 54> 16°02° 07’ 824
Montescaglioso Bradano 40°33° 317 16°42° 05’ 63
Irsina Bradano 40°44° 52 16°15° 38’ 533
Palazzo San Gervasio Bradano 40° 56’ 00° 16°00° 24’ 483

In order to find a correlation between ENSO episodes occurred in time and rainfall distribution pattern

in the pluviometry stations examined, the general trend of precipitation has been analysed. Figure 3, showing
data regarding Noepoli station, clearly indicates a general tendency to reduction of rainfall during the first
forty years while, on the other hand, we can witness a rise after those years until 2015, when the strongest
episode of El Nifio was recorded; the average value of rainfall is 700 mm/year. This trend is well described
by the rainfall data curve included in the graph which, even though reporting not a very significant
correlation (R? is 0,43), seems to support this hypothesis.
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Fig. 3. Yearly rainfall as measured at Noepoli station for the period 1951 — 2020

Subsequently, the rainfall data have been arranged by means of decreasing precipitation in time, from
the highest to the lowest value as recorded from 1951 until 2020. Years which have been affected by
significant deviation from the average precipitation, seem to be often corresponding with typical La Nina
years historically recorded, especially in the case of the driest years (below 500 mm/year), such as those
witnessed in 1961, 1974 and 1975, 1988 and 1989, 1998 and 1999, 2007 and 2017. So, necessary following
step in order to corroborate the existence of this relationship has been to compare Oceanic El Nifio Index
(ONI) cumulated values during the year (or fraction of it) with rainfall, both on a monthly and on a yearly
base, to seek for a significant correlation between them. Following this, in order to further prove the
existence of eventual relationships between ENSO (El Nifio Southern Oscillation) episodes and rainfall, it
has been decided to compare data by arranging decreasing values of cumulated ONI in time, highest to the
lowest as recorded in different years and observe how precipitations accordingly arranged during the same
year. First data show that effectively there seems to be a significant correspondence between negative
cumulated values of ONI (La Nina years) and reduction of rainfall, as it occurred for the years cited
previously.

Table 2
Comparison between annual rainfall (mm) of years with cumulated ONI > 8 against
annual rainfall of years with cumulated ONI < -8, as measured in Noepoli station

YEAR NOI > 8 NOI < -8 YEAR
2015 828 451 1988
1987 498 750 2000
1997 696 655 2011
1982 419 577 1974
1957 1,060 754 1971
1972 970 983 1955
1965 872 504 1975
1958 873 505 1999
1969 693 421 1989
1953 940 1,027 1973
1963 791 590 2008
SUM 8.632 7.130

Average 785 646
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As a matter of fact, based on these data, it can be clearly observed that the total amount and the
average of rainfall in years when cumulated ONI is > 8, are significantly higher than years with cumulated
ONI < -8. The statistical analysis carried out by means of Analysis of Variance (ANOVA) tells us that
variance recorded within the group of data belonging to years characterized by ONI <-8 is significantly
lower than variance calculated for the ONI > 8 group of years. Thus, we can reasonably assume that the
assumption on which the approach of this research has been conceived, in order to predict significant
deviations of rainfall based on the evolution in time of ONI accumulated values during ENSO episodes, is
much more reliable for La Nifia events (leading to drought) rather than when facing an El Nifio periods; this
is according with what has been found in recent literature.

CONCLUSIONS AND RECOMMENDATIONS

These first results, therefore, tell us that it could be somehow possible to predict and most likely
forecast the occurrence of severe drought periods in the future, based on the constant and regular monitoring
of ONI cumulated values, according to when an ENSO event (warm phase) starts to settle in. This is to say
that when an ONI cumulated value measured at the end of the year or during the year is positive and greater
than 8, we accordingly can expect to observe an increase in precipitation, as a consequence of the low-
pressure areas steered towards a particular region. While, on the other hand, as soon as the warm phase
ceases and the cold phase starts to settle in, we can expect to assist to a progressive decrease in ONI values,
likely to gradually fall down and become negative, along with a significant reduction of precipitation if the
cumulated value falls down < -8. In this case, it would be the physical consequence of the forced steering of
high-pressure areas over the same region, which intensity would be depending upon the strength of the
previous El Nifno phase. The higher the power and the intensity of the warm phase, the stronger will be the
subsequent cold phase of ENSO, leading to significant reduction of precipitation starting from the following
year and especially occurring during the following autumn, winter and spring months of La Nifia phase, thus
potentially establishing a drought for the incoming growing season. It is worthwhile to remind here that
results obtained by Noepoli station data shown in the paper have been further corroborated by statistical
analysis of all of the data regarding the other pluviometry stations of Basilicata region, taken into account in
the study. The usefulness of the results reported in this paper, based on the observation of ENSO and of its
influence on the rainfall pattern of a typical Mediterranean region of Southern Italy is quite evident, as it
could lead the way to a new approach in the preparedness and management of extreme climate events, such
as droughts. Thus, it will be possible to plan for and manage water resources at least one year in advance,
effectively acting as a Decision Support System (DSS) for main stakeholders. This is particularly true at the
Governance level, when decision makers need to cope with water resources management issues such as
those regarding transboundary basins and/or within the same region, between different users.
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INTRODUCTION

The increased impact of mankind civilization on environmental, persistent environmental pollution,
constant growth of humanity population world around and the increasing catch of aquatic biological
resources will eventually exhaust the possibilities of nature. Currently, up to 40% of the world's fish
consumed is artificially bred and farmed [1]. Available freshwater resources and favorable climatic
conditions in the Republic of Armenia have led to the presence of a developed industrial fish farming.
Obviously, the search for possible sources of local origin in order to create new components and additives
for the production of highly effective feed for fish farming is urgent and important. Another one important
problem is the non-competitiveness of domestic feed for valuable fish species compared to foreign ones in
terms of shelf life. So, natural mineral sorbents compounds, such as zeolite, marls, bentonites, diatomite,
tripoli, etc., are used in the production of feed additives for farm animals. That natural mineral sorbents from
different deposits differ in their chemical composition, color, properties, content of various impurities.
Therefore, they have different efficiency of use in feeding animals. It should be noted that all natural mineral
sorbents have unique properties of adsorbents and ion exchangers. This is determined by the structural
features of their crystal lattice, in which up to 50% of the volume is voids and channels [2].

The use of natural mineral additives in world practice shows that their inclusion in the diet of animals
strengthens the immune system, increases the digestibility of feed, normalizes metabolism, and removes
toxic and harmful metabolic products from the body [3]. The results which were carried out on tripoli by
specialists of Institute of Fish Industry of the National Academy of Sciences of Belarus have demonstrated
the positive influence of it on fish growing [4].The use of tripoli in feeding carp revealed that the optimal
dose of input for carp fingerlings is from 1.5 to 4%, and for the older age group - up to 5%.

Armenia is rich in deposits of natural sorbents, such as like bentonite clays and diatomites. Diatomites
(or Diatomaceous earth) arose during the sedimentation of siliceous valves of diatoms (algae Diatomeae or
Bacillariophyceae) and are of freshwater or marine origin. They are widely known: Noyemberyan region’s
clinoptilolite, Shirak region’s mordenite, bentonite clays of [jevan region and diatomites from Jradzor and
Sisian regions of Armenia. They are formed from diatomaceous silt accumulated in the seas and lakes. In the
stratigraphic section, they are found starting from the Cretaceous system, and are widely distributed in the
Cenozoic deposits. Diatomite and tripoli are chemically similar and have the similar properties. The typical
chemical composition of oven-dried diatomaceous earth is 80-90% silica, with 2-4% alumina (attributed
mostly to clay minerals), and 0.5-2% iron oxide, but tripoli is geologically older, compared to diatomite. For
both marine or lacustrine origin, the content of organogenic amorphous silica in them is high (70...95%) [5].

Available freshwater resources and favorable climatic conditions in the Republic of Armenia have led
to the presence of developed industrial fish farming. According to the data of the Ministry of Agriculture of
Armenia, at present the total water surface of operating fish farms in the republic is more than 3,500 ha;
about 14 thousand tons of fish are produced, of which 65...70% are valuable species (salmon, sturgeon).
Obviously, the search for possible sources of local origin in order to create new components and additives
for the production of highly effective feed for fish farming is urgent and important.

Feed additive based on wine production waste is currently being developed, which will be a natural
antioxidant and preservative to extend the shelf life of animal feed, reduce bacterial contamination and the
development of pathogenic microorganisms. Thus, the combined feeds used in fish farming include
nutritional and bioactive compounds (BAA: unsaturated fatty acids, amino acids, carbohydrates, hormones,
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vitamins, carotenoids, etc.) and that are exposed to oxidation during storage [6]. One of the prospective
compounds groups, which are harmless and simultaneously active against the spoilage factors and pathogen
microorganisms, are tartaric acid and their derivatives [7].

The main purpose of the current research was to study the effectiveness of usage of different doses of
diatomite, as component the composition of feed for carp fingerlings with possibilities for various bioactive
target compounds addition. In particular study the effects of tartaric acids new antibacterial derivatives on
carp fingerlings were described.

METHODS

During the series of in vitro and in vivo experiments that was evaluated the antimicrobial activity and
efficiency of new additive of natural tartaric acid derivatives as feed component. These compounds were
synthesized in basic research laboratory of “Agrarian Pesticides Creation and The Quality Control” of
National Polytechnic University of Armenia (NPUA) (fig.1) [8].

(_'l:(
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Fig 1. Structures of Tartaric acid and BI.
A: Natural L-tartaric acid; B: Benzylimide of tartaric acid
(BI or 1-benzyl-3,4-dihydroxy-3I3-pyrrolidine-2,5-dione).

As a natural sorbent-carrier in additive was diatomite (1,5% -5% to feed mass) and tartaric acid
derivatives adsorbed on diatomite (0.5-1.0% to sorbent mass) were used. The application efficiency
evaluation of the mentioned substances was conducted according methodology developed by specialists of
Institute of Fish Industry of the National Academy of Sciences of Belarus [5]. They were carried out in
aquariums with a volume of 60 L each. In each of the aquariums, 10 specimens of carp under yearlings with
an average weight of 20...25 g was planted. The aquariums are equipped with life support equipment with
the maintenance of optimal temperature and hydrochemical regimes. Conditions of fish growing: water
temperature - 18...19 °C, pH - 7.7...7.8, concentration of oxygen dissolved in water - 6...7 mg/l. The
experiments were repeated three times. Daily feeding rates were 3.0% of the fish weight and were
determined by the degree of feed consumption. Food without diatomite served as control. The fish were fed
three times a day for 15 days. Feed consumption was determined by taking into account the given feed and
feed residues. The growth rate of live weight was determined by individual weighing of the fish at the
beginning and end of the experiment.

For the evaluation of comparative antimicrobial effect of additives: tartaric acid, its alkali metal salts
and benzylamide (BI) in vitro (on microbes) testing experiments was conducted. Bl was dissolved in DMSO
(dimethylsulfoxide). Tartaric acid and alkali metal salts were dissolved in water. Antimicrobial effect of
tartaric acid andBlIwas tested in “Armbiotechnology” Scientific and Production Center (SPC) of National
Academy of Sciences of Republic of Armenia (NAS RA). For the particular research there were used the
strains of National Cultural Collection of Microbe Depository Center of “Armbiotechnology” SPC NAS RA.
There were used antibiotic-resistant representatives of Salmonella, Staphylococcus, Pseudomonas,
Klebsiella, Stenotrophomonas. The cultivation of all bacterial strains was carried out at 37 °C, under aerobic
conditions, on selective-differential media with 50pg/ml content of tested compounds [9].

RESULTS

The results of conducted in vivo experiments are comparable to previous experiments with tripoli, the
fish as a whole grew well, however, the difference between the samples was noticeable. The use of granular
feed for fish breeding requires a scientifically based approach to balancing not only organic components, but
also minerals. These substances are known to play an important role in the regulation of metabolism. The
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natural mineral supplement of tripoli and diatomite is interesting because it contains elements such as
calcium, magnesium, manganese, cobalt, zinc, and copper. In addition, diatomite is more promising due to
its developed porous structure. The role of the mentioned microelements is great, since they are involved in
many physiological and biochemical processes of any organism. At the same time, many mineral salts
exhibit antagonistic properties with respect to each other, while a negative effect of the predominant salt on
fish growth is observed. Therefore, the criteria for assessing the effect of mineral salts on the body of fish are
the indicators of weight and growth. According to the collected data, the usage of new component and
sorbent-additive to feeds are affecting positively on growth parameters of carp.

According to in vitroexperiments and collected data (table 1 and figure 2), new synthetic derivative Bl
of tartaric acid is effective against the wide range of bacteria which are harmful for fish.

Table 1

Pathogenic microbe growth inhibition by tartaric acid and the derivatives of it. Strains of
microorganisms: 1 - E. coli, 2 - Pseudomonas aeruginosa 9059, 3-Klebsiella pneumonia, 4 -
Staphylococcus aureus 5302, 5 -Salmonella enteritidis 5244, 6 — Stenotrophomonas maltophilia 9289; “C+”

- positive control,the growth of microbe on nutrient agar cultural media; “C-“ — negative control on 50
mcg/ml antibiotic, in correspondence to resistance of strain; K/Na-TA — tartrate of K/Na; TA — tartaric acid,
“+” — growth of microbe; “-“ — bacterial growth inhibition.
1 2
Substance | DH5a | DH5a/VOG1 | DH5a/pUC1 | 905 | 905 | 3 4 5
6 8 6 9

BI + + + - - + - -

K/Na-TA - + - - + + + +

TA + + + + + + + +

C+ + + + + + + + +

C- - - - - - - - -

Fig. 2. Bacterial growth inhibition by tartaric acid synthetic derivatives. A — experimental sample, B—
positive control sample; 1- E. coli DH5a/VOG16, 2 — P. chlororaphis, subsp. chlororaphis 9189, 3 — P. taetrolens
9248, 4 — Klebsiella pneumonia, 5 — P. aeruginosa 9058, 6 — S.maltophilia 9289, 4 - Staphylococcus aureus 5302, 5
- Salmonella enteritidis.

It must be noted, that in vitro laboratory tests of biodegradation potential evaluation have
demonstrated that benzyl-, cyclohexyl-, phenyl- and ethamonlamino- complex salts are able to be used by 6
strains of Pseudomonas taetrolens and 15 strains of Pseudomonas chlororaphis. Imides are able to be
degraded in soil by basic-acidic hydrolysis. Thus, they are chemically degradable, and cannot be considered
as stabile pollutants of water and soil.
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CONCLUSION

A new preservative-antimicrobial agent was developed from wine production waste based natural

material: cream of tartar. Tartaric acid benzylamide (BI) have demonstrated high activity against antibiotic-
resistant strains of Pseudomonas, Salmonella and Staphylococcus, causing high mortality of fish when using
mixed feed contaminated by them. New preparations using some natural mineral sorbents as component of
granular fodder for fish and preservative-antimicrobial additive was tested. According to the obtained data,
application of these granular fodder positive influence effects on growth are indexed. Thus, these compounds
can potentially be considered as carriers for target additives with various functions.

The further laboratory and pond testes, as well as more detailed toxicological analyses are planned for

Bl of tartaric acid, as new potentially ecologically safe alternative to classical antibiotics.

REFERENCES

J.-M.Liu, E.Q. Borazon, K.E. Mufioz Critical problems associated with climate change: a systematic
review and meta-analysis of Philippine fisheries research Environ SciPollut Res Int., 2021, 28(36),
pp.49425-49433.

Cataldo, E.; Salvi, L.; Paoli, F.; Fucile, M.; Masciandaro, G.; Manzi, D.; Masini, C.M.; Mattii, G.B.
Application of Zeolites in Agriculture and Other Potential Uses: A Review. Agronomy, 2021, N11,
1547. https://doi.org/10.3390/agronomy11081547

Jawahar S, Nafar A, Vasanth K, et al. Dietary supplementation of Zeolite on growth performance,
immunological role, and disease resistance in Channastriatus against Aphanomycesinvadans. Fish &
Shellfish Immunology. 2016 Apr;51:161-169. DOI: 10.1016/j.fsi.2016.02.019. PMID: 26899125.
Koshak Z.V., Hadlevskaya N.N., Orlov L.A., Nazaretyan A.Kh., Mikaelyan A.R. The Efficiency of
Using Mineral Tripoli in Forage for the Carp Fingerlings. Proceedings of National Polytechnic
University of Armenia, Series chemical and environmental technologies, 2018, N2, pp. 100-109.

Reka, Arianit A.; Pavlovski, Blagoj; Ademi, Egzon; Jashari, Ahmed; Boev, Blazo; Boev, Ivan;
Makreski, Petre. Effect of Thermal Treatment of Trepel at Temperature Range 800-1200°C. Open
Chemistry. 17(1), 2019, pp. 1235-1243.

Furst P. The role of antioxidants in nutritional support. Proceed.Nutr.Soc. 1997.Vol. 55,pp. 945-961.
Eswaranandam S, Hettiarachchy NS, Johnson MG. Antimicrobial activity of citric, lactic, malic, or
tartaric acids and nisin-incorporated soy, protein film against Listeria monocytogenes, Escherichia coli
0157:H7 and Salmonella gaminara. J Food Sci. 2004.Vol. 69, pp. 78-84.

V. Y. Ageyets, A. R. Mikaelyan, Z. V. Koshak, B. G. Babayan, S. M. DegtyarWays to improve
efficiency of compound feed for fish, Proceedings of the National Academy of Sciences of Belarus.
Agrarian Series, 57(3), 2019, pp.323-333.

Babayan, B.G., Mikaelyan, A.R., Asatryan, N.L., Bagdasaryan, S.A. and Melkumyan, M.A. 2020. The
effect of tartaric acid new derivatives against the multidrug resistant opportunistic pathogenic soil
strains of P. fluorescens, Test Engineering and Management, 83(5-6), pp.8516-8521.

32

Collection of scientific papers of Ts. Mirtskhulava Water Management Institute N°75, 2022


https://doi.org/10.3390/agronomy11081547

Environmental protection

THE DEFINITIONS OF PARAMETERS OF CURVES
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INTRODUCTION

Channel processes in rivers are constant. They arise from the cumulative effect of the characteristic
conditions of the water catchment. Basically, this is the presence of a provided water flow and the presence
of a sufficient amount of unbound soil mass in the basin. These two factors play a decisive role in the
formation of the water and sediment regimes of each river and determine the development of the channel
process and its intensity [9]. The longitudinal curve of the channel, its bed composition, sediment
concentration in the stream and other characteristics are established during this process. It follows that the
channel process depends on the geographical environment and on the specific conditions characterizing the
river basin landscape of the catchment area. Climatic factors of runoff formation, the geo-morphological
structure of the territory and the nature of the constituent rocks, soil and vegetation cover, modern tectonic
movements and fluctuations in the marks of erosion bases - these are the main natural factors of channel
processes that determine differences in their forms, intensity and direction of occurrence.

In other similar conditions, the more the relative magnitude of runoff changes, the higher the
instability of the relief of the river channel becomes. In rainy years the intensity of channel transformations
increases. The flood flow processes the forms of the channel relief created during the low runoff and the low
runoff processes the forms created during the flood.

Channel formation process is in constant connection with the geological, topographical, climatic,
water and other factors of the area and taking into consideration the influence of the latter on channel
processes is difficult. Even if only the hydrodynamic part of the event is regarded, however, serious
difficulties occur connected with its mathematical modeling. V.G. Sanoyan [1,2] had worked out the method
of scrolling movement of the stream thus using his theory of stream bandwidth and hydrological
descriptions. The water flows along the channel in deep places and shallows next to each other. In the part of
curves, by the grooved banks, as a result of wide circulation of water which is directed to down, speeds
fasten. The lengths speeds of the stream are added to them, so the flooding of the stream incurving bank
increases more [4]. Here the grooves of the curves are more abrupt, and the depths of the stream are bigger.
As a beginning of the meander the narrowest segment of the channel is considered to be. On the meander
line the channel widens, reaches its maximum size then gradually narrows (Pic. 1). Passing from one
meander to another the incurving center passes from one bank to another, i.e. the fracture center between two
meanders is the twist for meander groove. In the end of meander the widths of the channel is bigger than in
the beginning. The length of the widening part of the curve is about 1,5 times bigger than that of narrowing
part. The narrowing parts are situated in the curves of the channel and widening parts are comparatively
vertical.

About 30 explanations of the causes of river meandering currently compete: general denudation of the
earth surface, neo-tectonics, geology, Coriolis acceleration, the presence of random obstacles, the principle
of minimum energy dissipation, the concept of entropy, structural turbulence, cross circulation, wandering of
the dynamic axial stream, “the property of the flow to meander” and others. None of these hypotheses has
been fully confirmed [10].
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CONFLICT SETTING

Meandering is mainly considered as a process that depends on the dynamics of the flow and its
hydraulic characteristics: water flow, flow velocity and curve of the water surface. There are very few works
that pay attention to the influence of natural factors and peculiarities of the hydrological regime of rivers on
the development of meanders. The task is to identify the causes of flooding of rivers in the lower flows of
mountainous regions.

RESEARCH RESULTS

For the first time an attempt was made to explain the causes of floods in the lower flows of the Kura
by the processes of bank erosion and sediment accumulation in the riverbed in our work. Similar problems
occur in such trans-boundary rivers as the Tisza (Romania, Hungary, Slovakia, the Ukraine, Serbia and
Montenegro), the Merij (Bulgaria, Turkey and Greece), the Dniester (Moldova and the Ukraine), the Nistru
and the Prut (Moldova, Romania and the Ukraine) and the Northern Don (Russia and the Ukraine) [11].

Pic.1. Meanders of the rivers East —River in the state of Colorado (the USA) [7]

The reasons of occurring the meanders are presented by different researchers differently [8]. We point
out some of them:
» the principle of minimum dissipation of energy,
» the wide gyre of the water in the river,
» the turbulence,
» the fluctuation of water vertical movement to harmonic stimulations,
> entropy,
» the geological reasons,
» Coriolis acceleration,
» accidental resistance,
» bandwidth of liquid,
» denudation of Earth surface

Streams with the same hydraulic characteristics can create different channel forms under different
natural conditions, and, in turn, outwardly identical channel formations can arise under the influence of
completely different hydraulic processes [12]. Identification of the regional specifics of the free meandering
of rivers is not only an important scientific, but also a practical task the solution of which is associated with
an increase in the efficiency and reliability of channel regulation measures. In addition, the issues of the
emergence of meanders, the stages of development and the conditions for their straightening, the
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transformation of shape and hydrological and morphological dependencies in the course of the evolution of
meanders, with changes in the water content and other characteristics of rivers, remain poorly studied.

Streams with the same hydraulic characteristics can create different channel forms under different
natural conditions, and, in turn, outwardly identical channel formations can arise under the influence of
completely different hydraulic processes [12]. Identification of the regional specifics of the free meandering
of rivers is not only an important scientific, but also a practical task the solution of which is associated with
an increase in the efficiency and reliability of channel regulation measures. In addition, the issues of the
emergence of meanders, the stages of development and the conditions for their straightening, the
transformation of shape and hydrological and morphological dependencies in the course of the evolution of
meanders, with changes in the water content and other characteristics of rivers, remain poorly studied.

The characteristics of Meander Rivers are the clause and the amplitude.

For any characteristic of channel deformation we can determine the dependence upon the three main
characteristics of channel process [5]. Particularly, we can determine the following for the clause and
amplitude of meander [6].

é o 1 and% — a2, (1)

where t is the clause of curves, a - amplitude, A - Lokhtin number .
The coefficients and thermometers in the [1] formula can be determined on the basis of the results of
the united processing of original data by the method of the small squares [5].

t=1050( )P°® g 23d( 5 )02 @)

J_ J_

where Q is channel forming exit, i - the slope of free surface in the circle of curve, q - the speed of gravity, d
- middle equalized diameter of the grain.

The resulting relations show that in the same conditions the growth of exits results in both clause and
curve amplitude increase. The decrease of curve results in increasing of curve characteristics. In the highland
and lowland rivers the curves decrease according to the elimination of flows, which, due to [2] formula,
results in the increase of frequency and amplitude of meanders down the stream. In the relations given the
influence of channel grain diameters is expressed weakly.

Relation (2) gives us opportunity to define the width of river meander line in the layout. During the
permanent slope of the river the meander line width is also stable, and during the constant decreasing of
channel curve the width of meander line has widening shape down the stream. The position of the buffer in
the layout is defined by the width of meander with increase of certain supply.

CONCLUSION

The clauses and amplitudes of the curves are defined by relations dependent on main factors which
form the channel. The width of the meander line can be defined by the relations given above.
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INTRODUCTION

The construction height of Zhinvali dam is 102 m, and the operating height (water inflow) is 96 m.
The width of the dam on the threshold is within 415 m. The volume of Zhinvali Reservoir is 520 million m®
and the slickenside area is 733 million m* (See fig. 1.).

Fig. 1. General view of the Zhinvali reservoir

Destructive tsunami-type waves shall be potentially generated when the hydrodynamic facility of our
study - Zhinvali earth dam breaks. Their power depends on the amount and velocity of water. This is why
hydrodynamic facilities with the reservoirs containing a large amount of water, having a significant
difference in height between the head-water and tail-water (high pressure) are dangerous.

The breakthrough wave and the huge mass of water can destroy everything in its path - buildings,
agricultural lands, cause human casualties and great material loss.

ORGANIZATIONAL AND TECHNICAL PREVENTIVE MEASURES
AND ORGANIZATION OF THE FLOOD CONTROL SERVICE

Taking measures against floods that would give us absolute reliability of the protection of the facilities is
unfortunately practically unrealistic, and their construction is economically unprofitable. Thus, when carrying
out flood control measures, we should be aware that there is still a risk of impending catastrophic floods.
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In addition, it should be borne in mind that scientists and designers are not always able to accurately
predict the course of the flood process. The multifactorial process of flood protection and its consequences
are often unforeseen. Therefore, despite all possible measures to be taken to protect this or that area from
floods, we must always be ready to fight against floods and not to ignore emergencies (natural disasters,
man-made, breakdowns of dams and weirs). This will allow us to drastically reduce the scale of the loss.

Those who have taken up territory near the river believe that the land on which they live and work is
safe, that there will be no flooding, and that they are reliably protected from it. In most cases, the trouble is
largely due to such irresponsibility when safety measures are not taken in advance against the expected
floods.

Flood control services are especially important to reduce the damage caused by the disaster. Special
services allow us to carry out all the work planned to repair all the buildings, as well as to protect other anti-
flood structures. The person in charge of this service shall draw up a map of the flood-prevention works to
be carried out, which shall indicate all the embankments indicating dangerous places, etc.

Flood control service responsibilities include:

Distribution of the entire area between the brigades;

Attaching material and transport resources to each brigade;

Supply of necessary materials for immediate liquidation of the breakdown;

Organization of all necessary works. Particular attention should be paid to the night, in heavy rainy
and windy weather, when there is a greater chance of a breakdown.

Good organization of works during the flood period ensures the avoidance of the damage of
embankments and structures and will make it possible to completely exclude or greatly reduce the damage
caused by the expected breakdown.

Security measures need to be considered and processed in a timely and thorough manner so that they
can be implemented sooner or later as soon as the disaster situation requires it. Naturally, in order to carry
out such measures, we must preliminarily take into account the natural conditions of the area where their
implementation will be required. Thus, in order to prevent disaster or reduce the damage caused by it, in all
areas where flood risk is expected, we must have a plan for the protection of the area, population and victim
assistance, as well as a plan of long-term measures to avoid great material and other losses, or, in extreme
cases, to significantly reduce it [20,23,25].

Success in the fight against floods depends to a large extent on the coordination of the work of all the
services that carry out the planned measures. Disagreement between those involved in flood control, or those
who need to be evacuated from flooded areas, or areas at risk of flooding, or who have taken care of the
victims, will lead to disruption of the measures. Developing a well-thought-out program, providing timely
information to the public about impending floods, and measures that can be taken to save citizens’ lives and
property are crucial.

After the flood, first of all, the area needs to be cleared of rubble and silt; Tidy up the area to alleviate
the grief caused by the devastation and casualties, identify the causes of the disaster, and address any issues
that may arise.

One reliable way to solve problems is to include it in our multi-year plans for economic and social
development. There are no universal methods for compiling such a program. Of great importance is the
position of those who did not fall into the flood zone. Recent years have shown that those who live and work
in areas where there is a risk of flooding are well aware that their well-being, the social and economic
situation of the whole country, depends significantly on how successful the fight against flood is and how its
consequences are liquidated.

Experience has shown that flood-caused damage increases in most cases as a result of neglecting the
expected hazards. For example, many people who live in areas where there is a risk of flooding think that the
flood will not happen again and if it does, it will happen again after a long time and with not enough power to
touch it.

When discussing flood control methods, it is important to remember that in small rivers, especially at
the head-waters of river catchments, water levels can rise rapidly due to heavy rains, and floods can begin
before the rains stop. In such a case, there is almost no time left to predict the flood and the peak of the
freshets. It is necessary to immediately take measures to save people, livestock and property.

In order for the structures that regulate freshets to work well, it is necessary to ensure their normal
maintenance. Well-maintained hydraulic structures do not require special care in critical cases. In case of
poor maintenance, these buildings need urgent repairs in complicated flood conditions.
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Inspection and maintenance works of dams, embankments, reservoirs, water pumping stations are
specific and are detailed in the service and maintenance instructions of these facilities.

The most common anti-flood structures - dams - usually face two dangers: first, the fact that the water
level in the river during the flood can rise above the dam, and second, the resorption of water in the dams can
cause ruptures, which can lead to leaching of the dam. Of course, if the water flows over the dam, there is
nothing to do here. To avoid ruptures, it is often necessary to take measures in advance, which are as follows:

Usually plants grow on the sides of the dam and along the river banks - the roots of trees and shrubs
loosen the soil; In loose soil, water begins to leak. In addition, during floods, the river brings with it bulky trees
and various types of debris that can mesh of the dam walls, trees and shrubs growing on the banks of the river
and uproot them, resulting in the collapse of the dam banks. That is why we need to pay attention to the fact
those trees and shrubs do not grow on the banks of the river and on the sides of the dams (on the river side).

Sometimes, the material from which the dam is built is compacted, which causes the dam to lower,
which can also be caused by the regular movement of cattle on it, or a weak foundation and other reasons, in
which case it is necessary to change the dam material and/or strengthen the base. If the lowering of the dyke
is insignificant, we may not even change the material, but add a new one and bring it to the height provided
by the dam project. In this case, to ensure the connection of old and new materials, it is recommended to
remove the dam gleby cover at the connection point in advance. Nor should it be neglected that rats and
various rodents often make holes in the dams, from which water can then easily leak out. Thus, old dams
require strict maintenance and control.

Timely detection and examination of weak areas is of great importance. Areas at risk of flooding and
for which protection measures need to be developed fall into two categories:

1. Areas protected by dams are already damaged and in need of reconstruction;

2. Lowland areas that are not protected by dams and the need to build a dam may arise during floods.

In order to detect deformed places, it is necessary to carry out regular monitoring of dams at any time
of the year. It is better to restore them as they were before the flood. In any case, the locations of the dam
should be identified so that in case of danger, we can eliminate them immediately - preventive measures
should be taken.

The Preliminary Flood Control Plan shall provide for the timely supply of materials and equipment
that may be required during the flood control. We must also have a constant supply of timber, sandbags used
for the rapid construction of fortifications.

Particular attention should be paid to dam accesses that are prone to leaching and that are not
protected by a gleby or other cover. Also, the ends of old dams and intersections require attention. If we
notice signs of leaching, the quality of leaching should be determined and appropriate repairs should be
carried out. Sandbags or bulk stones are usually used for this purpose.

Elimination of leaching and ruptures in dams is not easy. This requires early implementation of
measures to prevent ruptures. If there are any ruptures in the dam, we must take appropriate measures to
prevent them immediately.

When we have built reservoirs, then we have to create a working regime there that would limit the
unplanned flow of water in the tail-water. This in turn means that it is necessary to develop a schedule for
the work of the stop-gates and to keep it strictly adhered to. Recommendations for creating such a schedule
are given in the reservoir maintenance and operation instructions.

Demolition of buildings and structures during floods can be reduced at the expense of constructional
modifications. Among the various types of constructional modifications we can name the walls made of
waterproof material, the closing of windows and other holes, which are located on low levels, the construction
of buildings on a reinforced foundation. If necessary, buildings may be erected on piles.

Constructional modifications are acceptable when the flood continues for an insignificant period of time
and the water velocity is low. This measure is most effective when the depth of flooding is less than one meter,
although it is possible to build buildings that can withstand floods up to three meters deep.

Constructional modifications and earth level upgrades contribute to the steady settlement of the area -
as well as reducing potential losses.

At the same time, the measures taken should not lead to indifference of people and belief in the
absolute reliability of their houses, neglect of the measures needed to protect them from floods.
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SELECTION OF ANTI-FLOOD MEASURES

There are many measures to fight against floods, from which the most appropriate type of flood
prevention for the given region and territory should be selected. There is a whole range of opportunities
available to reduce flood-caused damage. We cannot avoid damage if we do not use every effort, every means
and do not take the necessary measures. Any action aimed at mitigating the loss requires material costs (for
example, to build a structure, to relocate a flood-affected enterprise). Such costs are reimbursed in profit gained
after reduction of loss. The level at which income should exceed the maximum amount of expenses incurred
should be clarified.

The analysis of incomes and expenditures will allow us to determine the list of measures against
floods and select the optimal set of effective measures from them.

The damage caused by the flood to the national economy can be measured by the cost of restoring it
to return it to its original form.

To do this, you need to determine the cost that will be spent on replacing or repairing the damaged
property.

Where floods pose a serious threat to human life, the cost of building a dam can be compared to the
cost of building a high-rise building, relocating roads, and improving a notification system. [20].

It is of great importance that the constructed structures be quite reliable so that they do not contain
unreasonable expenditure of construction material, which would lead to further increase in the cost of the
building and large capital costs.

During the floods, in addition to the collapse of the existing medical care system in the disaster area, a
number of other serious problems also arise.

The demolition of buildings disables vital facilities such as electricity and water treatment plants -
unsanitary conditions can be created, which poses a risk of spreading infectious diseases. Therefore, these
issues should be under the constant attention of the health services of the respective regions.

NECESSARY CONTROL QUESTIONS ACCORDING TO UN STANDARDS FOR
COMPETENT STATE AND LOCAL SELF-GOVERNMENT OFFICIALS WHEN
PLANNING EMERGENCY ACTIONS

In the methodological guidelines, manuals and other normative documents prepared by the United
Nations in the last 2000-2019, special importance is attached to the quality of information of the control
guestions that are necessary for competent state and local self-government officials to have in case of
emergency planning in the country. Emergencies in one or another country can occur during natural and
man-made disasters (weirs breakdowns, dams demolition, etc.), terrorist acts, epidemics or other special
cases [3].

The participation of Professor Givi Gavardashvili, Project Manager at the UNECE-sponsored
international conference “Accidental transboundary water pollution prevention - contingency planning, early
warning, mitigation” held in Budapest, Hungary on 2-4 November 2019, has highlighted the importance of
governments, local governments, awareness of population living in the disaster zone and the knowledge of
the rules of their conduct, the efficiency and effective use of their implementation in the announcement of a
state of emergency in different countries of the world [3].

The following is a list of control questions and three criteria for assessing their knowledge (,,yes”, ,,to
some extent” and ,,n0”) according to the EU Standards Guidelines when planning operations in a state of
emergency in a country (see Table 1).
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List of control questions when planning actions in a country
during a state of emergency (For competent organizations) [3]

ZONE AS A RESULT OF A POSSIBLE BREAKDOWN AT THE ZHINVALI EARTH DAM

Table 1

Questions and description when
planning actions in case of
announcement of a state of

emergency

Questions to check

Response of a competent

person

yes

to some
extent

no

The country should ensure
appropriate action, which will be
approved by legislation, water and
industrial facilities breakdown
conventions.

Are the actions in line with the
water and industrial facilities
breakdown conventions?

Description of the river catchment basin

Geographical location

Do you have a territory map in
case of a potential pollution
accident?

Basic characteristics of the
catchment basin

Do you have a basic
description of the catchment
basin?

Topographic and other aspects

Do you have a basic
topographic descripttion: relief,
flora, hydrographs, urban and
district transport
communications?

Geology and soil structure

Do you have a description of
the soil structure and its
geological description?

Climatic conditions

Do you have a description of
climatic conditions (especially
precipitation)?

Groundwater and its horizons

Do you have a description of
the groundwater status of the
respective region and its
horizons?

List of potential pollutants of water
resources

Is there a list of water polluting
companies?

Dissemination of pollution

Does the above list include the
following facilities:
\Wastewater treatment
facilities? Industrial organiza-
tions? Agrochemical
enterprises? Carbon storage
facilities? Are these objects
marked on the map? Is the
duration of their relocation in
an extreme situation calculated
in extreme hydrological
conditions?

10

Surface and groundwater quality

Do you have a classification
related to water quality?

11

Groundwater quality

Do you have information on
groundwater in the emergency
zone?

12

Drinking water supply

Do you have a description of
drinking water supply?
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13 |Industrial water supply Do you have a description of
the industrial water supply?

14  |Agricultural water supply Do you have a description of
water use in agriculture?

15  |Recreation areas Do you have a description of
water use in recreational areas?

16  [Fish farms Do you have a description of
fish farms?

17  |Fish-passing facility Do you have any description of

fish- passing structures on
water-barrier structures?
Water Management Organization / Competent Bodies

18  |Duties and activities of the Do you have a complete
competent bodies description of the activities of
the Water Management Organi-

zation?

19  |Designation of competent bodies |e Do you have a list of
competent organizations in
the contingency plan?

¢ Do you have a list of
organizations whose purpose
is to respond to an
emergency?

e Are the organizations
responsible for preparing the
contingency plan on the list?

= In case of a “positive”
answer, check whether this
organization is mentioned in
the contingency plan?

Emergency preparedness

20  |Prior to the commencement of the |¢ Is the time to act in an
construction of a capital strategic emergency set by national
facility or the closure of the facility| laws?

operation, the contingency plan o Does the contingency plan

must be agreed with the set out deadlines for
government of the country. initiating and completing
IAccordingly, it is necessary to actions in the event of a
calculate the duration of the breakdown?

evacuation in accordance with
national or international laws.
21  [The contingency plan shell bele Does local laws provide for

developed and verified by the| joint emergency monitoring
operators from the list of hazardous| in the contingency plan - in

objects and by the competent] or outside the disaster zone ?
bodies. Finally, when it comes to
the  question of  competent
organizations, they should act in
relation to each other and on the
principle of mutual agreement.

22 [The contingency plan should e In case of new hazards at the
always be revised as necessary, but| structure under construction?
not less than 5 years. o If a new hazard is identified

during the operation of the
facility?

« In case of additional irregu-
larities at the facility using
new diagnostic equipment or
new technologies?
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23

The contingency plan must take
into account

e Does the contingency plan

all types of natural disasters as
additional causes of the
breakdown. Therefore, additional
information must be included in
the action plan (e.g flood contours
must be mapped during floods).

take into account natural

disasters

o Floods?

o Mudflow?

o Landslide?

e Hurricane?

o Fire?

e The source of the disaster
near a hazardous object?

Pre-warning systems and signals

24

In case of emergency, it is
necessary to have essential pre-
warning systems and alarms. Pre-
warning systems have two
requirements:

1. Connection of measuring
instruments in the hands of the
organization, including
communication between stations,
etc.

e Do you have an accurate
description of the pre-
warning systems and
signals?

e Are there any explanations
for the distribution of
measuring instruments?

o |s the cooperation between
the measuring stations
described?

« Is the harmonious work of the
technical elements agreed?

2. Appropriate technical equipment
for catastrophic event detection and
assessment of pre-warning systems
and alarms

- Detection
- Warning assessment
- Purpose of the alarm

25

Pre-warning systems are installed
at hazardous facilities by the
operator and by state authorities for
the entire river catchment basin.

«Does each operator have a
single warning station to the
hazardous object connected to
the national warning system?

26

/Are pre-warning systems attached
to the International Plan of Action
led by the Joint Bodies?

o Whether pre-warning
measures and alert
international plan is valid?

If “yes”, are they included in

the contingency plan?

27

There is a need for continuous
monitoring of hazardous objects,
which will create a statistical series,
continuous observations to develop
pre-warning measures at different
levels. These observations should be
agreed with the competent
authorities, in accordance with the
relevant international action plan, for
the development of pre-warning
measures (e.g. Mtkvari River
Catchment Basin, etc.).

o ls there continuous
monitoring of the real
dangerous object done by the
operator?

e« Do you have access to an
international warning plan?

e Are there any barriers
determined to reporting pre-
warning activities?

e Do you have access to the
duration of natural disasters
when calculating  scenario
modeling?

e Are these scenarios included

in the contingency plan?

Mutual assistance in an emergency
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28

In practice, how much mutual
assistance is possible, which
should be provided by the
competent authorities with the help
of other countries in case of
emergencies.

« Has the transit cargo passage
scheme been developed by
the competent organizations?
els there an agreement
between states on mutual
assistance in an emergency?

29

Competent bodies should develop a
special plan for the transit of
rescuers and special equipments.

o |s there a normative
regulation on the entry of
technology and special
equipments?

30

Competent bodies should be able
to exchange technologies related to
accident elimination.

els it necessary to exchange
technologies?
« Exchange of experience and

information?
« Providing technical
assistance?

RAISING THE ENVIRONMENTAL EDUCATION OF THE POPULATION
LIVING IN FLOOD RISK AREAS

Knowledge of the rules of conduct and actions of the population in emergency situations, including

floods, for each resident living in a high disaster risk zone, in addition to being a determinant of knowledge
of specific methods and rational actions, also contributes to extreme psychological resilience and self-
confidence.

If the population lives in the tail-water of the dam, then they are in the high risk zone and should

definitely know:

44

Possible boundaries of flooding, as well as elevated areas in the immediate vicinity of the place of
residing, which are rarely flooded, and the shortest access roads to them. Practice has shown that
when large reservoirs break through, tsunami-type waves are triggered in the ravine (see Figure 2), the
only means of protection of which is the organized evacuation of the population.

Flgz Triggering the tsunami-type waves

Each family member should know the evacuation plan, as well as the rules of conduct in the event of a
sudden and rapid flood. Remember the storage places for boats, rafts and building materials needed
for their construction.

Make a list of necessary documents, items and medicines to take with during the evacuation. Put the
necessary warm clothes, supplies of products, water and medicines in a special suitcase or backpack.
Immediately leave the dangerous zone of possible catastrophic flooding and move to a safe area or
elevated place, taking with them documents, jewelry, necessary items and supplies of products for two
days as soon as they receive the warning signal for flood threat (Fig. 3) and evacuation notification.
Get registered at the evacuation point. Pets are also subject to evacuation.

Collection of scientific papers of Ts. Mirtskhulava Water Management Institute Ne75, 2022



ASSESSMENT OF THE RULES OF CONDUCT OF THE POPULATION LIVING IN THE FLOOD RISK

ZONE AS A RESULT OF A POSSIBLE BREAKDOWN AT THE ZHINVALI EARTH DAM

ig. 3. Flds in the river bed

= When leaving the house, turn off the electricity and gas, extinguish the fire in the oven, attach all

floating objects outside the building or place them in auxiliary storage. If time allows, move valuables
to the upper floors of the house, or to the attic. Close the doors and windows, and if necessary and when
time allows, board up the windows and doors of the first floor with planks from the outside.
In the event of a catastrophic flood, in order to protect oneself from a breakthrough wave impacts, you
need to quickly take an elevated place, climb a large tree, on the upper tiers of solid buildings (Fig.8.3),
if they are in the water, when the wave approaches, do not get confused and do not panic, dive deep into
the water and after some delay - surface to the surface of the water by underwater swimming. When in
the water, by swimming or using swimming equipment go to a dry place, preferably on a road pile or
dam - in a non-flooded area.

Self-evacuation of people by walking or by available swimming means is permissible in the following

cases: If you see an un-flooded area directly, you have run out of food, getting outside help is becoming
unpromising or you need urgent medical attention.

CONCLUSION

With the financial support of Shota Rustaveli National Science Foundation of Georgia Grant Project -

# FR17_615 "Assessment of Vulnerable Infrastructure Safety Risks in the Formation of Predictable
Disasters" and according to the project plan-schedule, according to the theoretical researches and the field-
scientific studies conducted during expeditions carried out on the Zhinvali earth dam in Dusheti region in the
period 2019-2021, the following general and basic conclusions can be made:

In order to enhance the environmental education of the population living in flood risk zones, emergency
knowledge, including knowledge of the rules of conduct and action during a flood, for the population
living in a high disaster risk zone is reviewed and assessed;

Areas of knowledge of specific techniques and knowledge that define rational actions, which at the
same time contribute to a human’s psychological resilience and self-confidence in extreme conditions,
are presented. It is noted that if the population lives in the tail-water of the dam, then it is in the high
risk zone and the population should be aware of the possible boundaries of flooding, as well as elevated
areas in the immediate vicinity of the residential place, which are rarely flooded and the shortest access
roads to them.

Locals living in the tail-water of the dam, e.g. in the high-risk flood areas, each member of the family
should know the evacuation plan, the location of the medical care system, as well as the rules of
conduct in case of sudden and rapidly formed floods and ways to implement it.
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THE BASIS OF INNOVATIVE TRANSPORT FACILITIES
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INTRODUCTION

Over the past 20-25 years, the volume of construction in Thilisi has increased significantly, and
instead of existing low-rise buildings, modern high-rise buildings and structures are growing everywhere:
Residential multi-apartment buildings, public or multifunctional buildings and structures with a height of
more than 50 meters. As the volume of construction increases, there is also an intensive development of
mountainous terrains and landscapes that exist both in the very center and in the areas surrounding the city.
Large-scale construction within the city and the expansion of the city along the perimeter pose new
engineering and organizational challenges for the city authorities and the Georgian economy, as well as for
designers and, in general, for the construction industry.

One of these challenges is the need for transport support for construction in densely populated areas
with narrow streets, in new micro districts in heavy conditions, taking into account the terrain, existing
gorges and elevation differences between populated areas and new districts and micro districts of the city.

In the conditions of a complex mountainous landscape and difficult terrain, the construction of new
districts, micro districts and highways and parking lots faces a number of technical problems and the
resulting serious increase in additional costs and, most importantly, a decrease in scarce land both within the
city itself and in adjoining areas suitable for housing construction. In this regard, the authors of the article
propose the construction of a monorail transport in Thilisi according to the presented innovative schemes.

SITUATIONAL PLAN OF THE CITY OF TBILISI IN THE PLACES WHERE
NEW VEHICLES ARE USED

In historical terms, it so happened that all the architectural styles known to this day throughout the
world were formed under the influence of the characteristic features of the era and their locations. The
development of cities has depended and now depends on geophysical, climatic, technical, religious and
cultural factors. In other words, during the construction of cities, the epoch dictates style, form, and content,
depending on the prevailing landforms.During its existence for more than 1550 years, the above-mentioned
factors have not been ignored in the city of Thilisi either. The presence of a complex terrain here creates a
certain condition for the safe development of such territories for housing, and this is due to a number of local
features, including taking into account the physical and mechanical characteristics of soils, the so-called
layered mudstones, siltstones with very high values of fractured structure, which unstable when soaked with
water and during earthquakes [1]. The strength of such rocks decreases in the upper highly fractured and
weathered zone.

From the day of its creation, terrainforms were actively included in the three-dimensional structure of
the city of Thilisi and still influence the organization of its space. The existing complex landforms, densely
populated areas with narrow streets affect the creation of not only buildings and structures, but also the
creation of pedestrian roads between them, the construction of highways and parking lots, park elements for
city greening, etc.

In Thilisi, new large blocks and micro districts were built in the 1970-1980s, however, the problems of
transport problems in the city, such as the throughput of entrances to the roundabout, taking into account the
terrain, as well as the problems of comfortable and fast connecting old, traditional and new areas to each
other. The purpose of the project proposal presented here is to optimally connect city areas with modern
transport, to achieve smooth and uniform traffic without artificially arranged delays, stops, congestion and
traffic jams.Based on the analysis of existing experience and data related to the distribution and use of
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monorails throughout the world (especially in the USA, Japan, China, Germany (in operation since 1901 and
other countries), we can conclude that the arrangement of a monorail is especially appropriate for such a city
with complex terrain, like Thilisi [2].

Currently, in the United States and in many European countries: in England, Germany, Russia,
Ukraine, as well as in Japan, China, Korea, and Central Asian countries, new solutions are being used that
are a more modern and economical alternative to tram, trolleybus and even existing automobile roads,
modern monorail systems [3,4,5,6,7,8]. Many experts also call the monorail the transport of the future.
Analyzing the state of modern large cities from the point of view of their provision with public transport, one
involuntarily becomes convinced of the above statement.

The monorail system for the city of Thilisi can have a number of significant advantages, among
which are the following:
1.Help to preserve the green plants of the city;

2. Will not negatively affect the city's ecosystem;

3. Will help in the development of existing complex terrain and reduce noise in the city;

4. Discharge the city from road vehicles;

5. Convenient, fast, comfortable and affordable transport for citizens;

6. Will help in the creation of new districts and micro districts, will provide assistance to the old and densely
populated areas of the city;

7. Guaranteed preservation of panoramic views of the city, etc.

Fig. 1. Situational plan. The likely route of the monorail along the Vere river valley is shwn in yellow. From the
road of the Napetvrebi settlement leading to the Heroes' Square (on the territory of the former zoo0),
which can reach the House of Justice.

Fig. 2. Valley of the river Vere, along Politkovskaya street. Behind the cable car you can see the building of the
Institute of High Energy
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Fig.3. Vere river valley along Universiteti street. In the foreground is the new ,, GREENHILL* residential
complex. Arch. Irakli Murgulia, Constructor LLC "PROGRESI"

Fig. 4. View of the Vere river gorge along the Ikalto mountain and Kipshidze street,
from the side of the Vake-Saburtalo roadway
(a fragment of the new road is visible in the photo)
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Fig.5. Valley of the Vere River along Mount Ikalto (View from the vicinity of the Cascade house under
construction). Continuation of Panaskerteli Street towards Mount Ikalto, the recently built building ""Cascade
(the valley of the Vere River, the new road and the beginning of the tunnel are clearly visible).

Also new buildings 2016-2019 and a new highway

e— 8

S L

Fig. 6. Tema” settlement and Zgvisubani gorge

Existing settlements on both sides of the gorge with highways that cross the bridge over Mtkvari and
lead to Digomi. The probable direction of the monorail is marked with a red line, taking into account the
transfer to Sarajishvili metro station.

Fig.7. Fragment of the settlement “Temka” and the igorge “zgvisubani” - Existing settlements on both sides of the
gorge with highways
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The likely direction of the monorail is along the entire length of the gorge.
MONORAIL

Monorail (Monorail-single-rail railway) is a type of rail transport. In the modern sense, this is a new
high-speed and modern public transport vehicle. According to scientific and technical terminology, a
monorail is a transport system between a cable car and a surface metro. As a rule, a monorail is any form of
overpass transport, where the suspension is made in an unconventional way, practically this is any form of
overpass transport, where the suspension is made in an unconventional way - without two carrier rails. In
modern existing practice, a monorail refers to various forms of off-road transport, where rails as such may
not exist at all.

Monorail transport has a whole range of varieties, each of which has its own technological features.
Here are just a few of them, the most common for monorail: electric drive, internal combustion engine, jet
engine, electric linear drive, mounted or suspended rolling stock. To this we can add differences in the
designs of the support and running sections (wheeled, pneumatic, with magnetic suspension, on sliding
supports). There are other differences as well.

The scope of the monorail is also different. If some of its types are used in amusement parks, for
sightseeing purposes, as part of the subway and for transporting passengers to airports, then others perform
the functions of urban public transport.

Over the past 12-15 years, the monorail transport system has been rapidly developing in the People's
Republic of China. (In 2019, China has already developed and tested new monorail cars with a speed of
more than 500-600 km per hour, and at the same time it is controlled automatically, without a driver (CRRC
Qingdao Sifang began sea trials of the fastest suspension train in China in the city of Qingdao).

We (Fig. 1-7) have developed and presented preliminary (Conceptual) placement of the monorail for
selected areas of Thilisi in the plan. On fig. 8-11 shows options for the construction of monorail roads and
other transport (road) roads and stations:

1. Along Mount Ikalto, along the slopes and banks of the gorges of the Vere River (partly directly above the
river), from the suburbs to the square. Heroes and to the house of justice.
2. From the Thilisi Sea, through the “zgvisubani”, to the station. metro station "Sarajishvili"

PRELIMINARY SCHEMES FOR THE CREATION OF MONORAIL TRANSPORT IN
THE CONDITIONS OF THE DIFFICULT TERRAINOF THE CITY OF TBILISI

Here are the options for preliminary (Conceptual) schemes and technical solutions, taking into account
the terrainfor the creation and development of monorail transport and highways, combined with existing
gorges in the conditions of Thilisi. Preliminary schemes and technical solutions are presented for those
places where landing and transfer places and places of transition from one coast to another are supposed.

It is here that the construction of monorail highways is especially interesting and profitable, which can
bring great benefits in the near future to both the city and the country, if we also establish the production of
monorail cars based on modern composite materials using basalt fiber, instead of aluminum and other metals
[9, 10].
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Fig.8. Preliminary and possible options for layouts of combined monorail and highways along the high-rise
building of the university, along the Vere river gorge
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Fig.9. Approximate layout of the combined monorail and motorway along the Vere river gorge
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Fig.10. Approximate layout of the combined monorail and motorway along the Vere river gorge
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Fig. 11. Approximate layout of monorail roads and layout of stations of monorail stops,
along the gorge of the river ""Vere"

BENEFITS OF THE MONORAIL IN TBILISI

The main advantage of the monorail is that, like a traditional metro, it does not take up space on busy
highways, but, unlike the construction of the metro, its construction is much cheaper (In fact, monorail
lines used as urban passenger lines are still one possible implementation of the metro) and more
convenient for passengers;

The monorail train can climb steeper hilly slopes than any rail vehicle;

In Thilisi, monorail roads can be built where today there are practically unused areas, such as narrow
gorges and mountain valleys, small riverbeds (such as the Vere river valley, Digmula, Gldanula,
Khevdzmara and others), which time require special care on the part of the city, since at the same time
they also pose a threat to society and the population (for example, the valley of the Vere River), floods,
landslides, etc.;
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» The speed developed by a monorail could theoretically be much higher than the speed of traditional rail
transport, since there is no risk of derailment, and the likelihood of collision with other road objects is
negligible;

» Good visibility from all directions of traffic due to elevated transport lines to a certain height, which is
especially effective for a city with a mountainous terrain, such as Thilisi, and for a country such as
Georgia;

» Noise reduction, in some cases greater than traditional trams, thanks to the use of quiet electric motors
and ruby wheels, which have already become mandatory on almost all types of monorail tracks. The
noise level of the German monorail "Wuppertaler Schwebebahn" after reconstruction is about 56 dB (50
dB - moderate conversations, quiet street, washing machine, according to the article on sound pressure);

«  Doesn't obstruct vehicular traffic. It is also a panoramic transport, creating another center of tourist
attraction;

« Monorail transport can transport: residents, guests or tourists from area to area comfortably and in
minimum time. In addition, it is a competitive mode of transport compared to all currently known modes
of transport (for example: railway, metro, tram, trolleybus);

« In conditions of difficult terrain, hills and gorges, in case of problems with the employment of supports
for monorail cars along the gorge, it is possible to arrange supports at extended distances based on the use
of cable-stayed systems, which will be considered and solved during the detailed design and comparison
of technical solutions, taking into account the optimal consumption of materials and technical features for
their production, taking into account the specifics.

NEW ARCHITECTURAL AND PLANNING SOLUTIONS IN THE CONDITIONS OF
TBILISI, TAKING INTO ACCOUNT THE USE OF MONORAIL SYSTEMS

Thilisi currently covers an area of 720 km? with a population of over 1,200,000, as of 2021. Despite
the fact that in 30 years, due to the ongoing forced events in Abkhazia and South Ossetia, over a quarter of
the population migrated from Georgia, and the population of the city of Thilisi is growing.

Thilisi is practically an inter-regional center of socio-economic development and attraction for the
surrounding regions. At the same time, the dynamics of the city's population shows how much people want
to live in this city.

It should also be noted that it is cities that enjoy a reliable reputation in the world as sources of
scientific development, economic development, human potential and prosperity. With careful attention to the
creative possibilities inherent in the urban environment, the advantages of the location of the city or the
effect, agglomerated cities - both as separate municipalities and as part of integrated urban systems - can in
many cases achieve a renaissance of their economy. Through this report, UN-Habitat hopes to contribute to
this process of urban revitalization and improvement of the urban environment for the benefit of the people
of Europe in transition.

The problems outlined in this paper and the proposed development paths are of great importance, due
to the strategic position of Georgia itself, the city of Thilisi and the economic importance of such a location,
combined with an increase in the frequency of slowly progressing development of the entire Caucasus
region, the city of Thilisi has the prospect of progressive development and expansion.

As the city develops, the population will also grow, which in turn necessitates the creation of new
districts and micro districts in the city, and taking into account modern requirements, the construction of
multi-storey buildings and structures will expand, which will require the expansion, improvement or creation
of new transport routes within the city. On fig. 12-14, the possible options for the development and creation
of new and multifunctional areas for the expansion of the city of Thilisi, taking into account the use of
modern vehicles, are presented. These options were developed on our initiative and are presented taking into
account fragments of the development of complex terrain and hills.

3+ 006O3EbEszsL LabgamMdob fysems dgm®dbymdol oblGoGMEOL LsdgEboghm BGMIsms 3MHgdmwo Ne75, 2022 §. 53



J. Gigineishvili, D. Gigineishvili, G. Javakhishvili, G. Chikvaidze

Fig.12.Bird's-eye view from the northwest side of the hippodrome, along the river Vere (fragment).
Arch. Valerie Gogava

Construction is often carried out in conditions of difficult terrain and elevation changes in the city,
taking into account high natural risks, which makes it necessary to take into account the following factors
when designing: taking into account seismic effects, unstable soils, the presence of landslide slopes,
temperature changes, destructive hydrogeological processes, heavy precipitation, floods and, most
importantly, with a shortage of land. All of the above significantly complicates the construction of not only
modern buildings and structures, but also highways, transportation of passengers and goods. Because of this,
the construction of roads in mountainous conditions (at the foot of the mountains and on the slopes) needs to
make decisions on engineering protection - strengthening the slopes and building protective barriers for
small rivers and streams that occupy a place in gorges with ravines. As a result, transport costs within the
city may still increase significantly.

Fig. 13. Bird's-eye view from the southeast side along the Vere River (aiong the new highway. fragment).
Arch. Valerie Gogava

Fig. 14. General view of a multi-level and multifunctional cehter ona slope in Thilisi. In the foreground are a
complex of 1-2 story terraced buildings, with an inclined elevator and footpaths. Arch. Malkhaz Jeyranashvili
and Zurab Jeyranashvili
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One of the urgent problems of old and modern cities located on difficult terrain (such as Thilisi and

others) is the problem of organizing urban roads and parking lots.

This problem includes both - legal and economic, urban planning, environmental, social, and

municipal aspects.

BASED ON THE FOREGOING, THE FOLLOWING CONCLUSIONS CAN BE DRAWN

The approaches discussed above to the formation of the process of creating a monorail road (RM) for the
transportation of passengers (people) and auxiliary cargo, based on the general principles of technical
capabilities and achievements of modern science, allow modeling and studying the functioning of the
RM, taking into account the prospective development of new micro districts with complex terrain along
proposed route;

It is here that the construction of monorail lines is especially interesting and profitable, which can be of

great benefit to both the city and the country in the near future, if the production of monorail cars based
on modern composite materials using basalt fiber, instead of aluminum and other metals [9,10];
Planning for the construction of monorail transport systems is based on the establishment of the required
number of passengers, the number of goods and transportation routes, taking into account the
development of new micro districts, an increase in the population of the city, and especially those micro
districts where the construction of MD is planned. To simulate these systems, it is advisable to use the so-
called transport problem of linear programming and its modifications;

With the help of the proposed solutions for the construction of new micro districts and an increase in the
population of micro districts along the gorges of the Vere River and adjacent places, taking into account
Mount Ikalto and others (according to the proposed architectural and planning solutions and for the
development of gorges) and the city, a more correct and reasonable solution is possible in scientific and
technical plan;

The main priority areas of socio-economic development, identified by the strategy of the city of Thilisi,
should be disclosed and specified in the submitted proposals for strategic planning, developed within the
framework of planning and programming, taking into account the long-term development of the city;
With permits for the development of gorges and their improvement, floods will be excluded here forever
and the gorges will turn into one of the well-maintained centers for people's lives, a comfortable place for
the city's population and guests;

One of the key tasks in the development of a modern urban planning methodology is to improve the
settlement structure and form a system of new districts, micro districts and settlements, taking into
account the complex terrain of the city.

CONCLUSION

The presented conceptual work is an innovative scientific and technical development dedicated to
establishing the patterns of formation, based on the studies conducted by the authors, of the problems of
the long-term development of the city of Thilisi. We have obtained a new and more modern solution to an
urgent problem, which is of great scientific, technical and economic importance in terms of long-term
development for the city and the country, which consists in developing the scientific foundations for
creating new districts and micro districts in the city, taking into account monorails and highways with
optimal parameters with scientific, technical and economic points of view;

For the first time for the city and all the Transcaucasian countries, a model for the functioning of
monorails has been developed as an element of the logistics system for existing and new areas of the city,
which allows using the solutions found to minimize the cost and time of delivery of passengers and
goods, as well as correctly, scientifically, to establish expedient scope of monorail transport, taking into
account the development and development of the complex terrain of the city. This allows you to create
more comfortable conditions for both citizens and visitors;

For the first time, the regularities of the rolling stock of monorail cars were determined, taking into
account the complex trajectory of movement along the monorail, combined with road transport, which
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made it possible to propose simultaneous action during the movement of the rolling stock along the
monorail and other motorized vehicles.

4. In the developed project for the development of the gorge and the landscape adjacent to it as a whole,
undesirable processes of both natural and technogenic origin (washout and weathering of the soil,
erosion, waterlogging, floods, shallowing of the Vere River, mudflows, pollution of water, air, soil) etc.).
The entire project will contribute both to the conservation of natural resources and to the improvement of
the quality of the living environment of citizens and guests of the city;

5. In the conditions of Thilisi, self-propelled monorail cars of the citywide public transport network on a tire
track can be created;

6. Judging by the very great interest in the development and application of monorail transport throughout the
world, it must be assumed that in the near future it will be possible to create powerful magnetic fields
where the suspension will be made in an unconventional way - that is, without bearing rails. At the
moment, the future of maglev trains has great prospects and is able to hold the wagons and trains of new
generation monorails on weight. We hope that soon they will become very affordable and will prove to be
cost-effective transport for Georgia as well.
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INTRODUCTION

Studies conducted to identify the possibility of creating pre-stressed concrete sleepers for railway
transport reinforced with basalt-plastic reinforcement (BPA) showed the possibility and prospects of using
BPA for their reinforcement, as well as for the reinforcement of other prestressed concrete structural
elements. When using BPA in structures for reinforced concrete sleepers, the problems associated with
corrosion of steel reinforcement can be avoided, which ultimately translates into durability of the structure.
In addition, BPA has a low density, which can somewhat reduce the weight of reinforced concrete and
reduce the pressure from its own weight.In the conducted theoretical and experimental studies, new results
have been obtained on the design of concrete sleepers reinforced on the basis of the use of BPA and tension
concretes based on NTs-20. The use of BPA and tension concretes makes it possible to obtain materials not
only without metal, but also with qualitatively new higher characteristics, which make it possible to increase
the service life of structures used in an aggressive environment, reduce the metal consumption of structures,
their weight, cost and, accordingly, the complexity of construction.Such structures have higher mechanical
strength, corrosion resistance, heat-shielding and dielectric properties, non-magnetic and radio-
transparent.The use of BPA can give a noticeable economic effect both in the reinforcement of prestressed
concrete sleepers for railway transport, as well as for civil engineering, for hydraulic and other structures.

BASALT FIBER FOR BUILDING REINFORCEMENT

The positive results obtained in the USSR for melting basalt in bath furnaces in the production of
basalt super thin fibers (BSTF) using spinneret feeders formed the basis for research and development of a
technology for manufacturing basalt continuous fiber (BCF) in a single-stage method.

In the USSR, the development of structural elements using basalt fiber for the needs of the military
industry and for space was carried out continuously, and for the needs of construction with a noticeable lag.
The Scientific Research Institute NIISK in Kyiv, on the instructions of the USSR State Construction
Committee, starting from 1987, began to create a new composite material - basalt fiber-reinforced concrete.
However, even earlier, starting in October 1978, at the Kiev ZNIIEP Research Institute, on the initiative of
the author of this article and under the guidance of Ph.D. MM. Akulenko, research began to create concrete
structures reinforced with basalt plastic reinforcement.Due to the complete lack of funding on this topic, all
theoretical and experimental studies were carried out at our own expense, as well as problems with
conducting full-scale experiments, the work did not move fast enough and from the summer of 1984 was
continued at the Kiev Civil Engineering Institute (KISI) and Kiev Institute of Civil Aviation Engineers
(KHGA), under the guidance of Doctor of Technical Sciences, prof. Yu.V. Veryuzhsky.

To effectively address the issues arising from this problem, it can be very useful to manufacture and
use concrete sleepers reinforced with basalt plastic reinforcement for both existing (for selective or complete
replacement) and new railway lines both for Georgia and for the republics of the former Union. This
development is still innovative in the railway industry, although it has almost 40 years of history [1,2,3,4].

Basalt plastic reinforcement (BPA) can be classified as a modern composite material with good
chemical and physical properties. The basis for the production of BPA are basalt fibers and special organic
binders, which ensure their effective joint work.A feature of BP fittings is anti-corrosion performance, anti-
magnetic and dielectric properties of fittings and other features. BPA has high tensile, tensile and tensile
strength characteristics, which is especially important in areas where increased structural stress or exposure
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to aggressive chemical environments, including acids and alkalis, is expected.It is more expedient to use
BPA in the temperature range: from -70 to +100°C (for special cases up to -160°C) [5,6,7,8].

By varying between binder and filler materials, it is possible to obtain products based on basalt fiber
with the most suitable properties and properties for a particular application.Due to the fact that for the
reinforcement of sleepers made of concrete and with the use of basalt-plastic reinforcement, high strength of
reinforcing rods is required, with a large number of tension-compression cycles, as well as sign-changing
transverse forces, taking into account the dynamics, special attention was paid to the selection of such
materials in combination with concrete value [9,11].

KievZNIIEP and KISI, studies were carried out to identify the interaction of cement stone (concrete) and
basalt fiber (Fig. 1). We were also engaged in the research and creation of effective concrete structures
reinforced with basalt plastic reinforcement.

Time dependence of the loss of strength of basalt, glass and

other fibers in the medium of hardening Portland cement
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Fig. 1. Comparative time dependence of the loss of strength of basalt and other types of fibers in hardening
Portland cement

Numerous studies have confirmed that the adhesion of concrete to BPA is less than the adhesion of
concrete to steel reinforcement [4-8]. Therefore, the engagement factor during the adhesion of BPA
reinforcement to concrete should be given an even greater role and attention than in the adhesion of steel

reinforcement to concrete. In this regard, numerous studies have been carried out (Fig. 1. And Photos 1, 2, 3
and 4).

Photo. 2. The result of the experimental study: the distribution of contact and other stresses along the BPA
contact line during concrete shrinkage. BPA without braided thread (Research was carried out in a closed
laboratory of the BOLSHEVIK plant in 1987-1988).
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| - - w-
Photo 3. Reinforcement made of basalt fiber with a Photo 4. test results of basalt fiber reinforcement
diameter of 4 mm, 6 mm and 8 mm

On the basis of the theoretical and experimental studies carried out, the parameters of the basalt-plastic
reinforcement, effective in terms of adhesion to concrete, were obtained. Such a profile of basalt plastic
reinforcement ®3-6 mm is a profile created with glass fiber NS-75/6 (we replaced glass fiber with basalt
fiber) when winding it onto a core with a pitch of 2.2 mm and a thread force of 0.1-0.2 kgf.

Photo.5, 6. Stress distribution in concrete in the zone of Photo 6 shows the results of the experiment - the

contact with the BP: in ordinary concrete (left) in  distribution of stresses in concrete in the contact zone
photo 5; in expanding concrete (right). with BPA

In experiments, it was established how the profile without braided thread and with the use of braided
thread with different pitches affects the distribution of stresses along the contact line of the basalt plastic
reinforcement.The change in the depth of the dents with an increase in the pitch of the braided thread is
shown in the photo. 2. We found that the presence of a braided thread and dents on the surface of the BPA
greatly increases the adhesion of basalt plastic reinforcement to concrete, and later it was found that the
increase occurs by 3-4 times.The "stress-strain" diagram of the BPA obtained with this method of production
is almost straight up to the point of rupture.

When analyzing the test results, we found that the highest adhesion rates of BPA and concretes made
using NTs-20 were obtained by BPA samples having a winding with threads located at an angle of 45
degrees in the reinforcement axis.

Elastic modulus Ea. unidirectional basalt rebar (under tension) can be calculated by the formula:

Ep. on — Ea6FCT + Ech ’ (1)
where:
Ea and Ec - respectively, the modulus of elasticity for stretching the fiber and binder;
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Fst and Fc - volumetric content of basalt plastic and binder in the composite. The cross-sectional stress of the
reinforcement itself must be determined by the following formula:

o=V,E;€; +V;EE,, 