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Abstract

Hydraulic failures are a global problem where engineering, ecology, economics and
social responsibility intersect. Development of monitoring technologies, improvement of
design solutions and implementation of international safety standards are the key to reducing
risks and protecting the population.

Given the large number of dams existing in the world, the safe operation of these
structures takes on important social, economic and environmental significance. A dam failure
can have extremely negative consequences, including large human casualties. For countries
with a large number of dams, the issue of ensuring their safety becomes especially acute.

The failure of dams and other hydraulic structures causes enormous economic losses,
including the costs of rebuilding infrastructure, eliminating the consequences of floods,
compensating for damage to property and businesses, as well as long-term environmental costs
and the costs of economic recovery. Physical modelling is a powerful tool that can be used at
the end of the design phase to check that all the design criteria have been met and thus guarantee
the long-term structural soundness of the structures and ensure that they will function efficiently
from the hydraulic standpoint, whatever the conditions. Physical modeling is also very useful
in the rehabilitation of hydraulic structures after accidents.

Keywords: dam failure, hydraulic modeling, laboratory testing, safety of facility
operation.

Introduction

The socio-ecological consequences of dam failures, caused mainly by the impact of the
breakthrough wave, exceed the consequences of accidents at many other engineering structures.
The number of human casualties and material damage from dam failures and accidents at large
hydraulic structures are comparable to the consequences of natural disasters and accidents at
nuclear power plants.

Physical modelling offers a means of obtaining a technically and economically
optimised design of the hydraulic structures associated with dams and hydropower schemes. In
particular, it allows vortices, strong turbulence, and complex flows involving air/water mixtures
to be replicated. The principal objective of the studies that on physical models is to validate and
optimise the various hydraulic aspects of a dam project (new or rehabilitation), with a view to
guaranteeing the degree of safety whilst avoiding any excessive oversizing. Optimisation and
validation of the design of dam safety structures (flood spillways, downstream stilling basin,
surge shaft, etc.) Determination of the stage/discharge relations for complex structures. Study
of 3D flows on the approaches to structures to structures and in their vicinity (for example
formation of vortices at the inlets to water intakes or in forebays). Study of sedimentation risks
in reservoirs and with regard to water intakes, and validation of structural or operational
solutions (bypasses, sediment deposition areas, flushing structures) [1].

A comprehensive analysis of international experience allows us to draw the following
conclusions:

1. Damage from accidents at hydraulic structures is large-scale and multi-layered, especially
in densely populated and industrial areas.
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2. Prevention is cheaper than elimination of consequences — investments in monitoring,
modernization and risk management are justified in the long term.
3. New challenges — climate change, increasing number of extreme weather events, etc.
require revision of design standards.
4. International cooperation and data exchange (e.g. through ICOLD) help to develop common
approaches to dam safety.
The most common causes of accidents at hydraulic structures are:
= Natural disasters (floods, mudflows, earthquakes, etc.);
= Technical defects and aging of structures;
= Violations of operating rules and insufficient supervision;
= Failure of engineering systems;
= Human factor: from negligence to deliberate actions (including military ones).
The economic consequences of dam failures and accidents at large hydraulic structures
include:
= Damage to infrastructure:
Destruction of roads, bridges, buildings, dams, power plants, water pipes and other
infrastructure.
= Losses in agriculture:
Flooding of agricultural land, crop damage, loss of livestock, disruption of agricultural
production.
= Damage to industry:
Destruction of industrial enterprises, stoppage of production, loss of jobs.
= |Long-term recovery costs:
Expenses to eliminate the consequences of the flood, restore infrastructure, provide
assistance to victims, compensate for damage.
= Environmental damage:
Water and soil pollution, disruption of ecosystems, loss of flora and fauna.
= Social costs:
Deaths, injuries, population displacement, psychological trauma.

The Kakhovka Dam failure affected more than 100,000 people, and long-term recovery
costs are estimated at several billion dollars.

The 2010 Indus River dam collapse in Pakistan caused $6.2 billion in damage, destroyed
thousands of homes and flooded millions of hectares of farmland. Up to 895,000 homes were
destroyed and more than 2 million hectares of farmland were flooded. More than 1,700 people
died. The flooding affected up to 20 million people in the country, according to the UN.

The collapse of the Brumadinho Dam (Brazil, 2019), which held waste from iron ore
mining (tailings pond), resulted in the death of 270 people. The environmental disaster and the
shutdown of the mining company Vale S.A. cost more than US$7 billion. This includes:
payments to the families of the deceased and injured; fines and compensations; environmental
costs; reputational damage; and a drop in the market value of shares. What makes this case
special is the combination of environmental, economic, and legal damage, which illustrates the
growing demands for business responsibility for man-made risks.

5
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As a result of the accident at the Sayano-Shushenskaya hydroelectric power station
(Russian Federation, August 2009), 75 people died, the equipment and premises of the station
were seriously damaged. The work of the station for the production of electricity was
suspended. The consequences of the accident affected the environmental situation of the water
area adjacent to the hydroelectric power station, and the social and economic spheres of the
region. The amount of damage amounted to more than 40 billion Russian rubles.

One of the most tragic man-made disasters of the 20th century occurred in Henan
Province (Bangiao, China, 1975). As a result of the failure of the Bangiao Dam after Typhoon
Nina and the cascading destruction of neighboring dams, more than 170,000 people died. The
damage was estimated at more than $1.5 billion (in 1975 prices), which is equivalent to over
$10 billion today. Millions of homes were destroyed, crops were destroyed, and transport
infrastructure was destroyed. The disaster demonstrated the vulnerability of design solutions to
extreme climatic events and the lack of early warning systems.

The Orroville dam (California, USA) in 2017 was at risk of failure due to erosion of
the main and emergency spillways. The accident was avoided, but more than 180,000 people
were evacuated, and the costs of repairs, temporary accommodation, logistics and strengthening
of infrastructure amounted to about $ 1.1 billion. This case showed that even in highly
developed countries, rapid deterioration of hydraulic structures is possible if risk assessments
are not carried out in time and modernization is not invested in.

Assessing economic damage is an important tool not only for analyzing the
consequences, but also for justifying investments in the safety of water infrastructure.

World practice offers the following approaches to assessing economic damage from
accidents at hydraulic structures:

= Modeling destruction scenarios;

= Inventory of assets in the flood-prone area;

= Estimate of restoration costs (repairs, compensation);

= Calculation of long-term losses (downtime of hydroelectric power station, crop loss,
reduction of tourism).

Indicators of indirect losses, such as declining property values, deteriorating investment
climate, and rising prices for utilities and food products, should also be taken into account.

Research Results
Considering that hydraulic structures are not subject to precise calculations, physical
modeling plays an important role in their construction, restoration, technical diagnostics and
emergency response. In this regard, hydraulic modeling laboratories are of great importance for
ensuring the safety of hydraulic structures.
Model studies of structures allow to increase the safety of water facilities and reduce the
costs of construction and operation.
Hydraulic modeling is carried out for the following hydraulic structures:
= Dams;
= Catastrophic spillways;
= Water intakes;
= Artificial and natural canals, aqueducts;

6
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= Anti-mudflow structures;

= Pumping stations, hydraulic rams;

= Hydro turbines;

= Hydraulic locks;

= Water conduits, water diversion structures;
= Water treatment facilities;

= Drainages, melioration systems,

= Fish passages.

Hydraulic modeling laboratories in several countries

The world's leading scientific centers and universities, successfully combining
educational and scientific research processes in the field of water issues and hydraulic
engineering, have achieved tangible successes. In particular, the hydraulic research laboratories
operating within them, along with the implementation of scientific research and experimental
programs, are used to organize training courses and student research work. Information about
a number of such laboratories is provided below.

The University of Utah is ranked 62nd in the list of the best universities in the United
States. The university is rightfully considered the heart of innovation. It combines engineering,
medicine, and economics. Fig. 1 shows some models of the hydraulic research laboratory of the
University of Utah, USA.

Fig. 1 Hydraulic Modeling Laboratory at the University of Utah (USA)
In particular, in 2024, the University of Utah Hydraulics Lab developed a device (AWH)
to extract water molecules from the air and then release them into liquid form under the
influence of heat. The device uses hygroscopic materials, such as metal-organic frameworks,

7
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which have high selectivity and the ability to absorb water vapor. Even a small amount of this
material can hold a lot of water.

The research and design potential of the VNIIG named after B.E. Vedeneyev (RF) is in
demand by a variety of industries, but the main focus of work is on topics related to hydropower
[1]. The VNNIG hydraulic laboratory has an experimental hall measuring 140 x 48 m. The
room contains a 5,000 cubic meter basin with a pumping station that provides water circulation
for the laboratory. In the center of the experimental hall there is a free space for placing spatial
models (Fig. 2).

WD wﬁ@" N .'f'.,

A"AE..\"JM,&? g

Fig. 2 Hydraulic Research Laboratory of the B.E. Vedeneyev Institute
of Hydraulic Engineering (St. Petersburg, Russia)

For research of fragments of hydraulic structures on flat and semi-spatial models of large
scales, as well as for conducting methodological research, the laboratory has eight stationary
hydraulic trays. The laboratory of the institute houses cavitation, aerodynamic, high-pressure
and other stands.

The Hydraulic Research Laboratory of the Technical University of Athens deals mainly
with wave modelling problems (Fig. 3).

The study of wave action on structures in laboratory conditions is carried out in wave
trays on a two-dimensional model (plane problem) and in wave pools on a three-dimensional
model (spatial problem). In the case of spatial modeling, all three dimensions of the object
under study are introduced into the study to the fullest extent possible: its height, width and the
third dimension, for example, the profile of the coast and its orientation in relation to the wave
beam at different non-frontal approaches to the coastline, in particular, the entire actual relief
of the coast and the bottom of the reservoir is fully reproduced.
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Fig. 3 Hydraulic Research Laboratory of the
Technical University of Athens (Greece)

Hydraulic structures built on rivers must be able to withstand mudflows and flash
floods.A mudflow is one of the most dangerous natural phenomena. It is a sudden, rapid flow
of mud, rocks and water. A mudflow poses a threat not only to human life, but also leads to
material damage and destruction of infrastructure. Unlike ordinary flows, mudflows do not
move continuously, but in separate shafts (waves), which is due to the mechanism of their
formation and the jam nature of the movement - the formation of accumulations of solid
material in narrowings and on bends of the channel with their subsequent breakthrough.
Mudflows move at a speed of up to 10 meters per second or more. The volumes of one-time
removals reach hundreds of thousands, and sometimes millions of cubic meters, the size of the
transferred debris is 3-4 meters (in diameter), with a mass of 100-200 tons. Having a large mass
and speed of movement, mudflows destroy structures, infrastructure facilities, and destroy
agricultural lands.

Flood waters, overflowing their channels or changing their natural channel, inundate
coastal agricultural and other lands. Floods cause significant damage to coastal buildings and
engineering structures, including bridges, roads, irrigation networks, etc. Large-scale landslides
occur.

The laboratories of the Moscow Hydrodesign Institute named after N.E. Zhuk (Fig. 4),
Moscow State University of Civil Engineering (Fig. 5) and Novocherkassk Engineering and
Reclamation University (Fig. 6) specialize in hydraulic studies of river hydraulic structures.
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Fig. 4 Hydraulic research laboratory of the Moscow
Hydrodesign Institute named after N.E. Zhuk (Russia)

& 3.

Fig. 5 Hydraulic Research Laboratory of Moscow State University
of Civil Engineering (Russia)
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Fig. 6 Hydraulic research laboratory of Novocherkassk
Engineering and Meliorative University (Russia)

The center of leading hydraulic modeling laboratories "Artelia™ is located in Grenoble
(France) (Fig. 7).

Fig. 7 Hydraulic research laboratories "Artelia", Grenoble (France)
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The Scientific and Educational Center for Hydraulic Research in Tajikistan was closed
for more than 30 years, and its restoration was a significant step in the development of the
scientific research and educational base in the field of water management (Fig. 8). The
laboratory is equipped with modern equipment. The Ministry of Energy and Water Resources
of Tajikistan considers the opening of the laboratory one of the key goals of the strategy for
scientific, technical and personnel support of the water industry. The renewal of this laboratory
creates the necessary conditions for the training of highly qualified specialists in demand both
in Tajikistan and abroad [3].

Fig. 8 Hydraulic research laboratory of the Tajik Agrarian University

The hydraulic modeling laboratory of the Institute of Water Problems and Hydraulic
Engineering named after Academician I.V. Yegiazarov is one of the best in the South Caucasus.
In terms of its capabilities, it is not inferior to similar laboratories in many leading countries.
The laboratory has existed for about 30 years since its denationalization, having been
replenished with a number of new structures (Fig. 9).

In the laboratory of hydraulic research, models of the culvert were built, on which the
structural features, types and sizes of coastal protection measures of mountain rivers were
determined based on the results of the tests. A large amount of theoretical and experimental
research was carried out on the protection of pipelines against non-stationary fluid movement,
in particular, hydraulic shock.

In 1997-98, an automatic system for protecting against hydraulic shock in the 1st stage
of the Mkhchyan pumping station's pumping pipelines was developed, designed and installed,
which is still in operation today. The implementation of this system eliminated frequent pipeline
ruptures in the event of emergency power outages.

12
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Fig. 9. Hydraulic research laboratory of the Institute of Water Problems and Hydraulic
Engineering named after Academician 1.V. Yegiazarov (Armenia)

Modeling of water intake structures

Whether in a marine or river environment, on an urban or industrial site, the design of
a water intake for a process (hydropower, irrigation, drinking water, industrial use, cooling,
etc.) or an outfall discharging effluent into the environment raises issues that are often examined
using physical modelling. Water intake structures must comply with a certain number of
hydraulic design criteria, such as: uniform intake velocity; absence of vortices; limitation of
head losses; low sensitivity to floating debris; fish-friendliness; etc. Similarly, to minimise
environmental impacts, effluent discharged from the outfall must be well diluted in the
receiving environment. The energy from the flow must be dissipated efficiently in order to limit
risks of scour. The structural stability of intake and outfall structures exposed to hydrodynamic
stresses from their environment must also be checked. [1].

In the area of water intake and sanitation, the following tasks must be solved:
= dimensional design and hydraulic optimisation of intake and outfall structures;
= checking of different operating configurations and identification of operating limits (flow

rate, water level, obstruction, head loss);
= characterisation of hydraulic behaviour, velocity field and risk of air entrainment;
= checking of efficient effluent dilution following release from an outfall
= checking of the hydraulic stability of intake and outfall protection structures.
An example of a model of a shaft-type water intake structure is shown in Fig. 10, Scale

1:20.
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Fig. 10 Water intake in a vortex drop shaft (Scale 1:20) [1]

An example of a model of a water intake structure for a hydroelectric power station
(Morocco) is shown in Fig. 11, Scale 1:68.

g

Fig. 11 Wave propagation on the outfall structure of the
Safi thermal power plant (Morocco) - Scale: 1:68 [1]
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An example of amodel of a water intake structure hydroelectric power station (Portugal)
is shown in Fig. 12, Scale 1:33.

Fig. 12 Upstream water intakes of the Venda Nova I11
(pumped storage) hydropower scheme (Portugal) - Scale: 1:33.33 [1]

Spillway structures

Optimising and validating the design (new or rehabilitation) of flood spillways: a critical
issue with regard to dam risk management.

The flood spillway of a dam built for any purpose (hydroelectricity, irrigation, flood
protection, etc.) is a safety component designed to avoid an uncontrolled rise in reservoir level
during a flood in the catchment basin, a water overflow over the dam crest, and the potential
subsequent failure of the dam and all the ensuing catastrophic consequences for the population
living downstream. For this reason, correct spillway dimensional design and operation are
fundamental aspects of risk management.

Physical modelling is the best tool for checking and optimising the hydraulic design of
these structures, and the entire profession (project owners, engineering consultants, control
authorities, funding agencies) has used it continuously for more than 100 years, in spite of the
emergence since the early 2000s of numerical modelling, which still tends to remain insufficient
for certain technical aspects [1].

Physical modelling contributes a guarantee of satisfactory operation over the full range
of the expected flow rates, detecting and correcting any possible hydraulic malfunctions that
would not be seen in an analytical approach, and if necessary searching for the geometrical
configuration that will be sufficient to ensure an adequate degree of safety, without excessive
oversizing.

The physical model allows all the hydraulic aspects of the operation of a spillway to be
explored, in particular the following main points:
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Discharge capacity of the structure: the "stage-discharge" relation for various degrees
of opening of any movable components. This point in particular can be of great interest:

o for the dam design, potentially generating significant savings,

o providing discharge charts for the future operator of the prototype structure;

= Determination of water level profiles and changes in flow conditions (free surface,

pressurised);

= Evaluation of energy dissipation and risk of scouring at the downstream toe;

= Mesurement of forces and pressures;

= Evaluation of sensitivity to floating debris;

= |dentification of areas of negative pressure on training walls or aprons;

= etc.

Physical modelling provides substantial technical added value for all spillway

construction or rehabilitation projects:
= involving large dimensions or conveying large floods;
= where there is potential to make real budget savings, but a need for reliable verification;
= with a complex geometry and in which the dam - even if it is small - presents a
particularly high safety concern.

The following structures are systematically tested using a hydraulic model:

= spillway equipped with fusegates;

= nonlinear spillways, for example labyrinth or semi-labyrinth configurations;

= spillways equipped with gates or flaps;

= high-velocity pressure spillways;

= morning glory spillways;

= |ateral spillways with the risk of submersion of the weir from the downstream side;
= high velocity chute;

= flip bucket spillway with a natural or concrete-faced stilling basin;

= efc.

To increase the useful volume of the reservoir, a water-retaining structure can be
installed on the head of a concrete dam or on the crest of the head of a spillway structure — an
additional barrier that, if necessary (dangerous), opens and allows the water level, which has
risen above the design level, to be lowered.

The increase in the useful volume of the reservoir may vary from the normal backed up
level of the reservoir to the fared backed up level. However, in the case of an increase in flood
flows, an unacceptable increase in the water level in the upper pool of the reservoir may occur,
requiring the operator's intervention to open the gates of the spillway structure.

It is necessary to take into account that in emergency situations the valve control
equipment may fail.

In particular, due to the lack of backup power supply for the electric motors of the pre-
turbine gates of the Sayano-Shushinskaya hydroelectric power station, the turbine penstock was
not automatically closed, which resulted in an increase in the development time of the disaster,
which led to further destruction.

The «Hydroplus» system gates are free from the above-mentioned drawbacks, which is
why they have found wide application at many hydroelectric power plants [4]. The «Hydroplus»
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system gates are installed on the upper part of the spillway of the dam and are designed to
increase the useful volume of reservoirs and ensure safe passage of flood discharge. Their first
prototype is a sand embankment erected along the entire length of the spillway structure. If the
water level in the reservoir does not exceed a specified value, the embankment is stable, and an
additional volume of water accumulates in the reservoir. When the water level on the spillway
exceeds a specified value, the embankment is destroyed and washed away by the flow of water.

The appearance of the "Hydroplus™ system is shown in Fig. 13.
e .

Fig.13 Retaining structure of the ""Hydroplus' type

In particular, the design of the «Hydroplus» system was modeled in France (Fig. 14).

&j;;' v g
Fig. 14 Development of piano-key weirs on the existing spillway
at the Charmine dam (France) [1]

The design of the stationary automatic gate was developed and tested by professors
Albert Margaryan and VVache Tokmajyan in the laboratory of hydraulic modeling of the Institute
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of Water Problems and Hydraulic Engineering named after Academician 1.V. Egiazarov (Fig.
15) [5].

The purpose of the experimental study was:

1. checking its operability;

2. determining the value of the opening angle of the gate shield depending on the amount
of water supplied to the pool;

3. checking the operability of the seals, changing their design or material if necessary;

4. determining the effect of the hydroballast regulator on all phases of the gate operation;

5. checking the functionality of the softener , adjusting the opening-closing speed (if
necessary, changing the type of throttle unit by increasing or decreasing the throughput capacity

of the valve).

Fig. 15. Testing of the model and prototype of a stationary automatic gate
in the hydraulic laboratory of the Institute of Water Problems and Hydraulic
Engineering named after Academician 1.V. Yegiazarov

When constructing the theory of hydraulic calculation of the gate, the main initial data
are the estimated maximum flow rate of the river flowing into the reservoir, and the maximum
flood level determined for the reservoir. The use of a stationary automatic gate allows to
significantly increase the accumulation of additional water in the reservoir, ensuring the safety
of the dam operation. Only by installing the already developed gate with a height of 1 m, on the
Akhuryan, Azat and Kechut reservoirs, it is possible to accumulate an additional 46 million m3
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of water per year. Since this volume is at the highest existing mark of the reservoir mirror, it
creates the possibility of irrigating an additional 9,000 hectares of land by gravity [5].

e

Fig. 16. Catastrophic spillways of the Kechut and Azat Dams, modeled
in the hydraulic laboratory of the Institute of Water Problems and
Hydraulic Engineering named after Academician 1.V. Yegiazarov

In 1995, as a result of an accident caused by a sudden flood, the power unit and the main
building of the Argel HPP (Gumush HPP) were so damaged that foreign experts recommended
building a new one next to the old one. However, a decision was made to restore the structure
and a project was developed. The proposed designs were modeled in the hydraulic research
laboratory of the 1.V. Yegiazarov Institute of Water Problems and Hydraulic Engineering. The
hydroelectric power plant was put into operation again in 1999.

A model of an earth dam breakthrough was built and tested in the hydraulic research
laboratory of the 1.V. Yegiazarov Institute of Water Problems and Hydraulic Engineering under
the supervision of Professor Pargev Baljyan (Fig. 17).

Research has shown that, contrary to popular belief, the dam does not completely
collapse during a breakthrough. Significant fragments of the dam banks (more than 50% by
volume) remain undamaged. Experiments also show that the expansion of the initial dam
breakthrough toward the river bed occurs more than 2 times faster than toward the walls. This
fact is confirmed by world experience of natural disasters.
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Fig. 17 Model of the collapse of an earthen dam in the Hydraulic Research
Laboratory of the Institute of Water Problems and Hydraulic Engineering
named after Academician L.V. Yeghiazarov

Mudflows. Sedimentation in rivers and reservoirs

The goal - Finding ways to manage the sedimentary impact of river structures, in
particular sedimentation in dam reservoirs, to operate them sustainably in the long-term and
limit their ecological impact. This sedimentary aspect of hydraulic projects is now rightly
considered to be a serious environmental and sustainable management issue. In particular, the
risk of sedimentation in dam reservoirs is an essential component of the dimensional design :
sediments from the catchment basin can rapidly fill up part of the reservoir and thereby reduce
its water storage capacity.

In the hydraulic modeling laboratory, it is possible to study the mechanisms of
sedimentation of sediments in rivers and reservoirs. The physical model replicates these
complex mechanisms and provides a means of testing various solutions to limit the impact of
sediment on projects, such as by-passes, sediment flushing, or full gate opening during floods,
in order to propose durable structures. In addition, these studies are paired with an operational
study of the various hydraulic components of the structure (flood spillway, outlet structure,
operation of the water intake, etc.) (Fig. 18 and 19).

World experience in hydraulic modeling to define and study [1]:
= Extremely precise physical modelling;

= Sediment transport: bed-load or suspended transport;

= Phenomena in steady and unsteady flow conditions.
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Fig. 18 Modelling of sedimentation in the Inga dam headrace channel
Scales: 1:140 (horizontal), 1:100 (vertical)

Fig. 19. Model studies of erosion of accumulated sediments in the hydraulic laboratory of
the Institute of Water Problems and Hydraulic Engineering named after 1.V. Yrgiazarov
(within the framework of the European program: Greece, Turkey, Georgia, Armenia)

High pressure water systems

In mountainous terrain, the pipelines of irrigation, gravity water pipelines for drinking
water, and pumping stations have numerous siphon sections in the vertical plane, in which air
accumulations are formed. The main reason for the formation of air accumulations in high-
altitude sections of gravity pipelines is the entry of aerated currents arising in the head structures
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into the pipe. The upstream and downstream branches of high-altitude sections of the pipeline
in most cases have large slopes, due to which the air accumulations formed in siphon sections
are not carried away by the liquid flow under the conditions of the hydraulic regime of
operation. As a result of all this, the amount of output released through the pipeline decreases.
Not infrequently, in particular, in the case of relatively small diameter pipes, air accumulations
become the cause of complete blockage of the pipe. The phenomenon of air emissions is
extremely dangerous during the operation of the pipeline, which can lead to a loss of strength
and stability of the structures of the head of the pipeline.

Fig. 20. Experimental setup for studying air accumulations in the
hydraulic laboratory of the Institute of Water Problems and Hydraulic
Engineering named after Academician 1.V. Yegiazarov

Preventive methods of protection of hydrotechnical structures

In order to take appropriate measures to prevent emergency situations and mitigate the
consequences of possible accidents at hydraulic structures, it is necessary to predict all types of
emergency situations that may arise and assess them taking into account the scale of the
consequences in the event of a dam break [6].

During the design, construction, commissioning, operation, decommissioning,
reconstruction or major repairs of hydraulic structures, as well as in cases of temporary
cessation of activity, the owner or, on his behalf, the user draws up a declaration of safety of
hydraulic structures, which is the main official document containing information on the
compliance of hydraulic structures with safety standards [7, 8].

The preparation of a safety declaration for hydraulic structures in operation is preceded
by their inspection. The safety declaration for hydraulic structures is prepared by their owner
or user, and the declaration for hydraulic structures under design and construction is prepared
by the customer. The Water Committee ensures that the safety declaration for hydraulic
structures submitted by the declarant is examined and, based on the conclusion, approves it,
which is subject to registration in the state water cadastre [7].
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The Water Committee, in agreement with the interested state bodies, forms a technical
commission to conduct an inspection of hydraulic structures. The Technical Commission
establishes [8]:

1) Control over the activities of organizations operating hydraulic structures in terms of
ensuring compliance with safety rules and regulations;

2) Assessment of the technical condition of hydraulic structures.

According to the decision of the Government of the Republic of Armenia, inspections
and declarations of safety of hydraulic structures are carried out at least once every three years
[9].

The declaration of safety of hydraulic structures may be supplemented and amended at
the initiative of the declarant [7]:

= |nthe event of a change in conditions affecting safety;

= |n the event of detection of new damage;

= After reconstruction, major repairs, restoration or termination of operation, before
acceptance of the relevant construction and installation works.

Visual inspection may be accompanied by verification measurements and, if necessary,
by decision of the technical commission, verification tests and calculations. The composition
of special instrumental examinations is determined taking into account the purpose of the
structure, its design features, natural, climatic and technological conditions, operating
requirements, and the nature of defects in the structure [9]. Tests may be carried out in research
laboratories that have the appropriate capabilities.

The hydraulic laboratory of the Institute of Water Problems and Hydraulic Engineering
named after Academician I.V. Yegiazarov has the appropriate capabilities to conduct the
necessary hydraulic tests.

A comprehensive assessment of observations to identify the genesis of anomalies in
hydraulic structures can sometimes lead to radical inaccuracies, so it is necessary to separate
possible violations and try to separately build cause-and-effect relationships for each violation.
A scenario of possible failure development can be presented by constructing a so-called "failure
tree”, which will allow predicting the further course of development of phenomena and
assessing its impact on the reliability of the structure.

The scope of work to assess the safety of a dam must be proportionate to the significance
and complexity of the hydraulic structure, as well as the nature of the consequences of a possible
accident.

Conclusions

1. The processes of investigating faults identified during the operation of dams and other
large hydraulic structures should be based on the use of modern calculation methods and
comparison of the results of hydraulic modeling.

2. Physical modelling is a powerful tool that can be used at the end of the design phase to
check that all the design criteria have been met and thus guarantee the long-term structural
soundness of the structures and ensure that they will function efficiently from the hydraulic
standpoint, whatever the conditions (floods, screens blocked by waste, etc.). Physical modeling
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is also very useful in the rehabilitation of hydraulic structures after accidents. In this regard, the
issues of preserving and modernizing the relevant hydraulic modeling laboratories are relevant.
3. The solutions proposed on the basis of the study should ensure the safety of further operation
of hydraulic structures, based on the following priorities:

= Physical safety of the population;

= Prevention of economic losses;

= Environmental protection;

= Prevention of transboundary impact.
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300 no nonumuueckum, NPagoBbLM U IKOHOMUUECKUM UCCTEO08AHUAM U RPOSHO3AM

SUncmumym 600mnwix npobnem u 2udpomexnuxu um. axao. M.B. Ecuazapoea

ABapur THAPOTEXHUYECKHX COOPYXCHHH SBIIOTCS TJI00ATbHOM  TpoOJIeMoi, rae
MEPeceKaroTCss BOMPOCHI HMHXEHEPHH, ISKOJOTHH, JKOHOMHUKA W COIMAJIbHONH OTBETCTBEHHOCTH.
Pa3Butne TexXHOMOTHMIT MOHHUTOPHHIA, COBEPIICHCTBOBAHHE IIPOEKTHBIX pEUIEHWH U BHEIpEHHE
MEXIyHapOJIHBIX CTaHIAPTOB OE30MaCHOCTH — KJII0Y K CHIDKEHHIO PHUCKOB W 3alllUTE HACEJICHUS.
VYuuTeiBas OO0JNBIIOE KOJIMYECTBO IUIOTHH, MMEIOIIUXCS B MHUpe, Oe3omacHas HKCIUTyaTalusl ITHX
COOPYKEHHI HMMEET Ba)XKHOE COLMAIBHOE, HKOHOMHYECKOE M HKOJIOTHYECKOE 3HaueHue. ABapus
IUIOTHHBl MOXET TIOBJI€Yb 3a CcOOOW KpaliHE HEraTHUBHbIC IIOCIEACTBMSA, BKJIIOYas OoJbIIUe
YeJoBeuecKue KepTBhl. I cTpaH ¢ OOJBIIMM YUCIIOM IIOTHH BOIIPOC o0ecreueH s uX 0€30macHOCTH
npuoOperaer 0coOyro ocTpoTy. PaspylieHue MIOTHH U APYTUX THIPOTEXHUYECKUX COOPYKECHHUH
HAaHOCHUT OTPOMHBII 3KOHOMHYECKHH yIiepO, BKJIIOYAOLIMKA B ce0s 3aTpaThl Ha BOCCTAHOBJICHHE
UHPACTPYKTYphl, JUKBUIALMIO IOCIEACTBUI HAaBOJHEHUM, KOMIICHCALMIO yiepOa HMMYIIECTBY H
Om3HeCy, a TaK)Ke JOITOCPOUHBIE SKOJIOTHUECKUE N3IEP’KKU U 3aTPAThl HA BOCCTAHOBIIEHHE 9KOHOMHKH.
®u3znyeckoe MOJCIUPOBAHUE — MOUIHBIA HMHCTPYMEHT, KOTOPBIM MOKHO HCIOJb30BaTh Ha
3aKIIIOUUTEIHHOM dTaIe MPOCSKTUPOBAHUS AJISl IPOBEPKU COOTIOJICHHUS BCEX MIPOEKTHBIX KPUTEPHEB, UTO
rapaHTUpyer JOJTOCPOYHYIO MPOYHOCTh KOHCTPYKIMH W TapaHTupyeT e€ d¢d¢deKTHBHOE
(YHKIMOHUPOBAHUE C TOUKH 3PEHHS TUAPABIMKU B JIOOBIX YCIOBHsIX. PU3HUECKOE MOACIUPOBAHHE
Tak)Ke BECbMa IMOJIE3HO MTPU BOCCTAHOBIIEHNHU THAPOTEXHUUECKUX COOPYKEHUN MOCTIE aBapHil.

Kntoueevle cnoea: TIpOPHIB TUIOTHHBI, THIPABINYECKOE MOIECITHUPOBAHUE, JIAOOpaTOpHBIE
WCTIBITAaHHsI, 0€301TaCHOCTH IKCIUTyaTaIllii COOPY KEHHI.
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Abstract

River water flowing in mountainous areas are characterized by significant seasonal
changes due to spring and autumn floods, making their efficient use difficult. Fountain wells
increase total water consumption by providing water not only for irrigation but also for drinking
and household needs. It is known that in many countries the use of water comes from
groundwater basins, into which, in addition to atmospheric precipitation, river runoff is forcibly
directed. In flat places, these activities require large financial costs both for water purification
and for injection into underground reservoirs. Mountainous areas have high water quality
indicators. In addition, natural relief differences make it possible to pump large volumes of
fresh water into the underground basin without the use of pumping stations. The volume of
water injected into underground aquifers is determined by the pipeline's water pressure, the
filtration properties of the aquifers, the number of wells, the distance between them, and other
factors. Based on comparisons of the calculated data on water consumption according to
different empirical formulas, which showed close results, the mentioned researchers were given
reason to believe that these formulas can be trusted. The authors of this paper consider the use
of empirical formulae for calculating the replenishment flow rate of an artesian basin is
inappropriate, because of the large risk of distorting the real picture. Based on the fundamentals
of technical hydromechanics a method for hydraulic calculation of the distribution of flow rates
in absorbing wells has been proposed

Keywords: underground water basin, artificial recharge, absorbing borehole, river
streams regulation, reservoir

Introduction

Accumulation of significant volumes of water runoff in reservoirs in complex
hydrogeological conditions requires not only large investments in construction, but also in
water transportation to the consumer, which is fraught with significant filtration losses. Tatevik
Yedoyan et al. show that artificial replenishment of the Ararat artesian basin with water in an
underground basin is possible and profitable [1].

The global freshwater deficit is expanding faster than predicted at the turn of the century.
Water scarcity has already become an urgent issue for more than 40% of the world's population.
There is a good chance that the situation will deteriorate. Currently, 1.7 billion people live in
river basins where the demand for water far outstrips the river's ability to purify itself. resource
and the inefficiency with which it is used [2, 3]. More than 80 percent of the world's wastewater
is discharged untreated into rivers or seas. Ensuring sanitation, hygiene and a sustainable supply
of clean drinking water has become imperative in the fight against the COVID-19 pandemic.
Regular hand washing is one of the most effective actions a person can take to reduce the spread
of germs and prevent infections. When discussing the issues of water resource management, it
should also be taken into account that significant climate changes are also already present in
the South Caucasus region. In particular, the average annual temperature increase in the eastern
regions of Armenia during the last 50 years was 1.3°C, and the average monthly temperature
increase reaches 3.2°C [4, 5]. In many countries of the world, these indicators are much more
worrying. Because the existence of both human society and flora and fauna is dependent on this
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unique resource, fresh water has become a symbol of the concept of "life" in the modern world.
However, as a study of indicators of fresh water resource use in individual countries and regions
of the world reveals, the specific volumes of water use vary greatly, indicating a lack of
socioeconomic tools for this resource and a low efficiency of its use [1, 2].

During periods of low water demand, there is a problem of storage of excess fresh water,
which during the last two centuries has been mainly done by $3.5. It is not possible to effectively
solve the issue of filtration prevention in many reservoir bowls. Although a number of effective
technologies for implementing anti-filtration measures have been developed in recent years,
their widespread application necessitates long-term experimental research, and the problem will
remain unresolved for a long time [6, 7].

In addition to these open water ecosystems, there is a decrease in the amount of stored
water due to evaporation. The construction of reservoirs also raises a number of other problems:
seismic risks increase, the consequences of a possible collapse of the dam can lead to major
humanitarian disasters. It should also be noted that over the years, the reservoirs are filled with
sediments, which, mainly being installed in the useful volume, continuously reduce the
possibility of regularization of the structure [8].

The possibility of storing storm water in underground basins has received a lot of
attention in recent years. In a number of countries, where reservoir construction is technically
difficult and inefficient, and the hydraulic structure system lacks the capacity to store the
required water, special wells are built for this purpose, primarily in decommissioned mines.
Tests of constructed wells have shown that there are large differences in the hydraulic
parameters of the well between pumping and recharging wells, because such wells are
frequently blocked [9].

Recharge schemes for the various managed deep aquifers are varied. They are mainly
used in developed countries for various purposes, but until now there is no systematic
classification and collection of data about them [10].

The goals of underground water artificial storage are the following [11]:
= to increase the usable water balance;
= improve water quality in aquifers;
= use aquifers for seasonal storage;
= store excess water during periods of low water demand.

Studies show that in wells where water is injected from aquifer-rich coastal aquifers,
absorption capacity drops by up to one-third during the season. Experiments have shown that
dual-purpose wells work more efficiently than single-purpose injection wells because it is
relatively easy to wash wells of solid and organic contaminants in dual-purpose wells.

However, the main disadvantage of using wells for water storage is the low injection
rate and the need for multiple recharge wells when the total volume of water to be injected is
large. However, it should also be noted that interest in artificial storage of water in underground
basins has increased in response to a decrease in the level of groundwater, an increase in the
pollution and vulnerability of surface water, the opposition of a number of environmental
factors to dependence on surface water resources, and other reasons [10, 12, 13].

Artificial storage of water in underground basins also requires that there is a flow in the
aquifer or that it has a sufficiently large volume [14].
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During the artificial storage of water in underground basins, water quality deterioration
may also occur, affecting the quality recovery processes of the injected water [15]. In this
regard, for artificial storage of water in underground basins, it is preferable to use those
boreholes that have been used for irrigation, fish farming or other purposes of groundwater
abstraction. There are many such preserved or partially used boreholes in Armenia, particularly
in the Ararat Plain.

Conflict setting

The purpose of this work is to develop a universal hydraulic system providing the
transfer of storm water to underground basins, and in the period of water shortage, to the water
intake through the existing deep wells.

Using the methods of technical hydromechanics, the problem is to obtain a calculation
scheme for the determination of flows transported by deep wells to underground basins.

Research Results

Consider the calculation schemes for two and three absorption wells to obtain a
theoretical general solution. The first calculation scheme consists of an above-ground basin, a
main pipeline AB, a distribution pipe BC, units B and C, and a number of two vertical pipes
that supply water to the underground artesian basin (Fig.1).
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Fig. 1 Calculation scheme of two absorption wells
1 — ground basin, 2 — piezometer, 3 — distribution pipe,
4 — deep well, 5 — underground basin, 6 — highway pipe
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Piezometers are placed at the unit points, which determine the pressure levels in the
underground basin. The energy losses in the above-ground pool, main pipe, distribution pipe
and delivery pipe system are determined by the well-known Shezi formula: Piezometers are
placed at the unit points, which determine the pressure levels in the underground basin. The
energy losses in the above-ground pool, main pipe, distribution pipe and delivery pipe system
are determined by the well-known Shezi formula: h,, = SQ2.

The pressure at unit B will be

ye = Vo — Vg — SQ?, 1)

where S is the hydraulic resistance of the pipe AB, which is determined depending on the length
and diameter of the pipe, Q is the discharge established in the pipe AB, V0,VB are the geometric
characters of the above-ground reservoir and unit B, respectively, yB- where B is the pressure
at the unit.

In the underground basin, let's denote the mark of piezometric height in the vertical
pipe descending from unit B as V1, the flow: Q1, the hydraulic resistance of the pipe S1. For
the pipe descending from unit C, these parameters will be: V2,Q2,S2, respectively.

The flow Q1 in the vertical pipe descending from unit B will be determined by the
following formula

v + Vg — V1= 50,7, 2)

The pressure at unit C will be:

Ye =¥ — (Ve —Vp) — SBCQBCZl (3)

where SBC is the hydraulic resistance in the pipe BC, QBC is the flow through the pipe BC,
VC is the geometric character of the unit C, yC is the pressure at the unit C which will be less
than the pressure at the unit B SBC QBC2 in size.

If the system consists of two branches, the flow from the external pool will be equal to
the sum of the flow rates Q1 and Q2 in the vertical pipe descending from units B and C

Qpc=0:=0—-0 (4)

The flow Q2 in the vertical pipe descending from unit C will be determined from the
following equation

Yo + V¢ = Vo= 5,Q,°. ®)
Thus, the system of equations (1)...(5) is closed, and the unknowns Q,Q1,Q2, yB,yC

are determined uniformly.
Suppose B unit feeds three deep wells (Fig.2).
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Fig. 2 Calculation scheme of the three absorbing wells

In this case, the calculation equation system consists of seven equations.

( yp = Vo — Vg —SQ?
yg+ Vg —Vi=5,0,°
ye =yp— (V¢ — V) — SpcQ3¢
) ye = (V2 = V) + 5,05 (6)
ye = (Vo = V) + 5,03
yp = (V3 = Vp) + 5303
\ Q=0:+0,+03

System blockages may necessitate the need to protect pipelines from short-term
impact forces caused by non-stationary hydraulic regimes. It is proposed that the distribution
pipes be equipped with a vent and a universal ventilation device to establish an accounting
mode in the system. The system of equations contains 2n+1 equations if the surface basin is
fed by n wells, each with its own distribution pipe (Fig.3).
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It is recommended that the discharge from the catch basin to the underground basin
be distributed from a single unit (for example, unit B). Water is supplied from the selected
unit to existing deep wells that have been decommissioned or are partially operational via
pipes buried deeper than the freezing mark.

L/ !
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i 5
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\L \L T //8 ‘L E\L
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Fig. 3 Calculation scheme of the absorption well with n number
1-7 appointments see in Fig.1, 8- water collection well,
9- submersible pump, 10- revers, 11 —valve

It is recommended that the discharge from the catch basin to the underground basin be
distributed from a single unit (for example, unit B). Water is supplied from the selected unit to
existing deep wells that have been decommissioned or are partially operational via pipes
buried deeper than the freezing mark.

The proposed outlet distribution scheme allows for the storage of abundant spring flows
through a deep well in the underground basin and the use of the accumulated water in times of
water scarcity. In other words, the deep well serves two purposes throughout the year: first as
an accumulator, then as a feeder.

Conclusions
1. The magnitudes of flow transported by deep wells to underground basins are determined
by the surface basin's character, the underground basin's piezometric heights, and the geometric
and hydraulic parameters of the pipelines.
2. The proposed hydraulic system assumes underground basin storage during periods of
flooding and water intake during periods of water deficit.
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3. In order to put these conclusions into action, at least one nearby well must be outfitted

with a submersible pump. The water will be pumped into the above-ground basin in this manner
using the same delivery main pipe. At the same time, all distribution pipe inlet valves are closed,
with the exception of the valve on the distribution pipe of the pump equipped with a pump. To
prevent reverse water movement in the event of an emergency power failure of the pump's
electric motor, the given push pipe is equipped with a reverse valve.

10.

11.
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Abstract

The article is a study of the phenomenon of photography, its place and significance in
the design of graphic design objects. The essential difference between photography as a
technological process and photography as a type of fine art is highlighted. A description is
given of the author's methodological approaches to teaching the academic discipline
«Photography» in the framework of training student designers.

Keywords: photography, communication design, graphic design object, photo image
transformation.

Keywords: Informal employment, income tax, construction sector, shadow economy,
tax reform, undeclared work

Introduction

Communicative or graphic design is a special area of artistic creativity that includes a
multi-stage task of visualizing and promoting certain information. This type of design activity
combines many different elements that help transform a message into a visually attractive,
understandable and ergonomically convenient product. Among the rich spectrum of
communication design tools, photography occupies a very significant place.

First of all, it seems necessary to define the essence of the concept of "photographics".
Unlike photography, the purpose of which is to record objective reality, photographics involves
stylization, transformation and conversion of a photographic image into a graphic object. The
degree of transformation depends on many factors, including the stylistic direction of the design
concept, current trends in graphic design, and the subjective author's method, which determines
the preferences of the designer-photo artist. In any case, photography is not so much a
technological process as an artistic one, which brings it closer to the fine arts, although the
purpose of photography is usually applied, related to design projects [1, 2].

In almost any project situation, when creating a graphic image, photography is an
indispensable tool for a designer. Thanks to its use, text information becomes more visual,
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accessible and attractive from the point of view of its aesthetic perception. In other words, with
the help of this tool, a designer can transform even purely semantic information into an aesthetic
product, which significantly increases its competitiveness in the unlimited information flow.
And this determines the modern mission of graphic design, in connection with which it has
recently been increasingly renamed into communicative design.

Photographics can be widely used in the creation of both an independent work (and then
it becomes similar in function to artistic photography), and can also become part of more
complex structures, combining with other techniques of designer form-making [3]. Therefore,
the professional training of future graphic designers must necessarily include the study of the
basics of photography.

For the first time, this discipline was included in the methodological structure of the
educational program in the German Bauhaus and in the Russian VKHUTEMAS (Higher Art
and Technical Workshops), which became the first higher education institutions to train
designers. The photography course for designers was developed by such avant-garde artists and
teachers as Laszlo Mahoy-Nagy (Bauhaus) and Alexander Rodchenko (VKHUTEMAS). They
became the inventors of a large number of manual techniques for artistic processing and
transformation of photographic images, achieving almost fantastic effects [4]. The Hungarian
artist and theorist of photography and cinematography, Mahoy-Nagy, was the author of the
concept of the New Vision, which represented a modern visual system. He made photography
the basis of a new artistic program, where “it is not photography that is subordinate to painting,
but vice versa — painting and the architectural program depend on the conditions of
photographic perception” [5, 144].

No less significant in the field of photography were the innovations of the representative
of the Russian avant-garde Alexander Rodchenko. He is rightfully considered the "father" of
perspective photography. He was the first to feel the emotional effect of using an unusual point
of view when creating a photo - "top-down" and "bottom-up™. In addition, Rodchenko boldly
distorted perspective and scale, used sharp diagonal composition and cropping of objects in the
image, and revealed the aesthetics of material surfaces [6]. Both photo artists skillfully engaged
in photomontage, using exclusively manual technologies, which today seems almost incredible.
In 1929, Laszl6 Mahdly-Nagy, who was an active member of the German Werkbund, organized
the exhibition "Cinema and Photography" on behalf of the organization. The exhibition became
a creative platform for demonstrating the achievements of avant-garde photography. It
showcased photo experiments by leading artists of the world, who convincingly presented
technical forms of art as a self-valuable phenomenon in art. Among other "stars" of world
photography, the exhibition included Russian constructivists Alexander Rodchenko and El
Lissitzky [7].

Conflict Setting
The task is to determine the difference between photography as a technological
process and photography as a form of fine art.

Research Results
This study aims to present the experience of teaching the discipline "Photography" at
the Department of Design at the Don State Technical University. Inheriting the creative
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pedagogical technologies of Laszlo Mahoy-Nagy and Alexander Rodchenko, the teachers of
the discipline enriched and updated them with their own methodological techniques. The course
is mastered over two semesters in senior years of study. Practical assignments develop
exponentially both within one semester and within the course as a whole, relying on knowledge
and skills acquired consistently.

The photography course solves many problems, both practical and research. The latter
include the ability to analyze, critically comprehend, structure a project task and, based on
immersion in its problems, generate an author's idea [8]. In terms of practical competencies, it
is important to teach the student to transform, compare processed photo images according to
certain characteristics and, based on the chosen design methodology for creating a product,
apply certain techniques to create a complete and holistic result. The essential tasks of the
educational strategy of this academic discipline also include the development of skills in the
use of innovative computer technologies, and mastery of professional software for the creation
of a unique and compositionally harmonious project.

In order to successfully master the program material and acquire the necessary practical
skills, it is necessary to use a rich arsenal of tools. Since students process exclusively the
author's photo material, they must have a camera. In the context of solving educational
problems, it is sufficient to use a camera in a mobile phone if it provides good quality resolution
of the pictures. Photo processing is performed using computer programs (Adobe Photoshop,
Adobe Illustrator) [8], but at the same time, analog materials are also used (simple pencils,
liners, markers, etc.) to record ideas and concepts, associative series, and to make preliminary
sketches.

When creating photographs, students follow methodological recommendations to avoid
difficulties with further processing of photographic material. The most important of these
include requirements for framing - it should be without excessive distortion, without elements
that block the center of the composition, disrupt the unimpeded perception of the photographed
object, complicate further cropping, retouching. In addition, photography is carried out with
sufficient lighting (artificial or natural). Photography is not recommended at all in unlit areas.

Taking photos in unlit areas is not recommended at all. Avoid depicting other people's
graphics, people and animals, shots containing overly decorative and stylized elements. A
conceptual approach to form-building based on formal composition using unexpected scaling,
angles, and contexts is welcomed. The recommendations also regulate technical requirements
for photographic material.

As an example of the author's methodology for teaching the academic discipline

"Photographics”, several examples of practical tasks can be given.
The first example describes an assignment aimed at developing students’ skills of observation,
attentiveness, final critical analysis and professional assessment of the surrounding everyday
environment when choosing an object for creating the original photographic material. The
object of visual research is the products of industrial design, which surround the average person
in sufficient quantities, forming an aesthetic living environment [7].

As part of the pre-project analysis, it is recommended to study the prerequisites for the
emergence and principles of form-creation of samples of innovative, significant works in the
field of industrial design to identify the fundamental characteristics [2]. Personalities to study:
Peter Behrens, Dieter Rams, Jonathan lve, etc. After studying the theory, it is important to
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choose such a household object that, when transferred to the plane of a photograph, looked
expressive and memorable. After taking several photos from different angles, processing and
cutting out the object, it is important to compare the elements within the framework of a
harmonious (static or dynamic) composition [9].

Fig.1 Compositions based on photographic recordings of everyday objects.

The essence of the second task is to create an image of a movie poster. A poster or a
playbill essentially conveys a catchy expressive metaphor, a message, and calls for action. At
the same time, typography is an integral part of the layout. As a result of the task, the student
creates an organic symbiosis of photography and typography, based on the principles of
harmony (both stylistic and compositional), structure, and information content [3].

Stages of implementation:

= Selecting and watching a film (further development of horizons; a film is a sequence of
static frames, photos);

= Argumentation, justification of the idea, identification of the key image that conveys the
essence of the film;

= Moodboard, sketching;

= Photographing, transferring material to a graphic editor, organizing typography, all
elements.

The result of the following task is the creation of a commercial poster. Photography is
often the main tool of advertising campaigns, clearly demonstrating to a potential client an
almost tangible appearance of a product or service.
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Fig.2 Movie posters based on the synthesis of photography and typography

When receiving commercial requests and proposals from customer brands, a graphic designer
must comprehensively assess what properties both the individual components of the layout
and the quality of the whole should have at all stages of preparation.
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Fig.3 Advertising posters for commercial products

The task of the work is to prepare a full-fledged advertising poster using the author's
photography and typography that matches the style (the selection of information is based on the
study of analogs and references). When visualizing an object, it is important to theorize,
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summarize the properties, demonstrating which will be possible "sell" the product to the viewer,
thereby ensuring the potential profitability and commercial success of the brand.

During the final retouching, it is important to maintain the naturalism and sufficient
naturalness of the image to avoid misleading the viewer.

For a designer, the main creative characteristic is the ability to construct an expressive
semantic metaphor. To develop this competence in students, it is necessary to exercise their
associative thinking. For this purpose, the following task is introduced into the course
"Photographics” the following task is introduced. In terms of content, this is an associative
portrait of a creative personality through the analysis of his author's works. It is important to
summarize the main qualities, features of the psyche, biography, preferences, interests for the
selection of optimal design solutions: techniques, color scheme, composition properties. The
result is a collage or series of photographs based on a selected outstanding figure in the visual
arts, design or architecture. Examples of personalities: Andy Warhol, Alexander Rodchenko,
Kazimir Malevich, Zaha Hadid.

The main task is to convey the characteristics of creativity, main ideas, biography
through metaphors, non-standard solutions, avoiding a frontal demonstration through repetition
of works. It is important to comprehend the approaches, experience of personalities, integrating
them into the result of one's own creativity. For a professional designer, such a skill is necessary
for reflection, analysis, and development of horizons.

Stages of implementation:

= Selection of personnel, study of scientific and popular science sources;
= |dentifying significant ideas, structuring information, defining concepts;
= Moodboard, sketching;

= Photographing, transferring material to a graphics editor, retouching.

Fig.4 Photo associations with the work of architect Zaha Hadid
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Conclusions

Mastering the art of photography helps the designer create a truly original, exclusive
product that provides instant perception of information by the viewer through the creation of
visual stimuli. Photographics is one of the main artistic means used in the work of a graphic
designer. Using modern technical means and possessing compositional and artistic culture, the
designer transforms photographic material into an expressive and innovative layout of a future
printed product. Photographics highlight and visualize the product's features, clearly
demonstrating its best properties.
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Abstract

Numerous observations of the process of surface winds at the base of skyscrapers have
nevertheless not enabled scientists to create a physically based technology to combat them.
Consequently, administrations of large cities are forced to restrain the pace of urban
construction to ensure the safety of citizens. The version proposed in the article is based on the
fundamental laws of physics about the movement of air masses and considers the process of
formation of surface wind as a consequence of the formation of the difference of temperature
fronts on both sides of a high-rise building facing south.

Keywords: ground wind, high-rise building, skyscraper, volume of air.

Introduction

High-rise construction appeared back in the 1950s in America at the turn of the
Industrial Revolution, when production began to develop in fast-growing cities, which entailed
a large influx of people. High-rise buildings had many advantages over low and medium-rise
buildings and completely solved the problems of growing megacities. The question of the
impact of high-rise buildings on the environment arose at the same time when high-rise
construction itself began. The interest in studying the impact of high-rise construction on the
environment was caused by the unusual behavior of air masses near high-rise buildings. This
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was manifested in the fact that some buildings literally attracted winds to themselves and vortex
flows appeared in their surface part, creating great inconvenience for pedestrians [1].

Known versions of the causes of surface winds

In these years, such winds were first felt by Chicago residents, but the city authorities
and scientists could not take effective measures to combat them, so the city hall limited itself
to building railings around skyscrapers to provide some safety for pedestrians who were thrown
by the wind on the roadway.

In 2015, the 160-meter Walkie-Talkie skyscraper in the City of London (Fig. 1) was
found to have this property, which was of particular concern to the city authorities, who have
been steadily tightening the standards for skyscraper construction every year for the safety of
pedestrians and cyclists [2,3], thus curbing the city's growth rate.

The cause of hurricane-force surface winds at the base of skyscrapers has been the focus
of attention of experts in the field for decades. However, numerous observations of the
properties of these winds have not yet allowed to create a unified theory from the position of
which it would be possible to develop an effective technology to combat them.

The main version is the following - "Wind acceleration near skyscrapers is caused by
the downward flow effect. This occurs when the wind hits a building and, with no other place
to go, is pushed up, down and sideways. The air pushed downward increases in velocity at street
level.” [4, 5]. However, this version is in contradiction with the laws of Newtonian mechanics,
according to which no body, and in this case a mass of air pushed downward, can acquire
acceleration without the influence of an external force, and the noted version does not specify
the mechanism of any force on the noted mass of air. Moreover, its velocity will decrease due
to friction against the lower floors of the building and due to collision with the wind blowing
perpendicular to its direction at the level of these floors. Therefore, this volume of air will not
be able to maintain the speed of the wind rushing against the skyscraper, especially since much
of its energy will be lost when it hits the street, when the wind must change direction to blow
along it.

New methodology for studying surface winds

Research conducted at the State University of Architecture and Construction of Armenia
has shown that the surface wind of skyscrapers can occur even in conditions of absolutely
windless weather and along with a huge number of “problem-free” skyscrapers is observed only
in those that are directed with the broad side to the south or at an angle to it.

Such buildings themselves generate the surface wind around themselves in the following
way - the sun-warmed facade of the building across its width and height forms a powerful
upward flow of warmed air, forming a low-pressure area at its base. This area draws in cooler
air from the surrounding streets and especially the much colder and heavier air from the north
side of the skyscraper, where it has created a large shadow area due to its size and has kept the
nighttime cool for a long time. These air currents, which girdle the skyscraper on both sides
from north to south and are directed towards it from all nearby streets, create the surface winds
recorded at the base of the skyscraper.
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The proposed version is in full compliance with the laws of physics describing the
process of wind formation as a consequence of atmospheric pressure difference. Moreover, it
provides an exhaustive explanation of all observations about the behavior of these winds in the
vicinity of skyscrapers. In this context, the observation that - “wind acceleration occurs if the
building has absolutely right angles” [ 4, 6 ] is very interesting. However, in the laws of physics
and in known technical solutions there is no such concept that a right angle of a building or any
other structure can serve as a source of additional energy for the wind and accelerate it. On the
contrary, it is known from the theory of tunnel ventilation that straight ( unrounded) corners of
tunnel portals counteract the drawing of fresh air into it.

In fact, the reason for strong winds is not the presence of right angles in a building, but
the fact that buildings of rectangular construction containing right angles have a larger surface
area and create a greater upward flow than buildings with rounded construction, such as
Gherkin (Fig. 2) in London [6] and Burj Khalifa (Fig. 3) in Dubai [4 ], which are less warmed
by the sun and do not create a sufficiently powerful upward flow, which is also dissipated due
to the narrowing of their structure towards the top.

It is also quite true that taller skyscrapers create stronger winds. However, the reason
is not that their upper floors face stronger winds [6], but that their larger surface creates a
stronger upward flow. It is certainly true that higher altitudes are dominated by faster winds,
but such a wind would need to overcome much greater frictional resistance against all floors of
the building before reaching street level.

In some works, the presence of strong winds at the foot of skyscrapers is explained by
the «channeling» effect [6], where the wind is forced through a narrow space, entering a canyon
between two skyscrapers. It is also suggested that "the wind between two skyscrapers is
compressed and accelerated. It is exactly like using a nozzle to increase the velocity of water"
[7] . However, the physical basis of wind and water motion are diametrically opposite - wind
moves due to the fact that the force of atmospheric pressure «pushes» the air from the high
pressure area to the low pressure area, and water moves due to the fact that the Earth's gravity
«attracts» a certain mass of water with some constant force and therefore, according to the law
of conservation of energy, the speed of water increases when the volume and, accordingly, the
mass of water passing through the narrowing openings of rivers decreases.

This is not the case with wind. There is no physical force that «pulls» it into the
narrowing opening - it hits obstacles, is dispersed and partially thrown back. This effect is
clearly demonstrated in practical wind energy classes by a fan blowing into a funnel. Experience
shows that the same amount of air passes through the outlet nozzle of the funnel and at the same
velocity as through the same opening in a smooth barrier. This is explained by the fact that the
wind, reflecting from the conical walls of the funnel, creates an air cushion in front of the
entrance to its nozzle, the pressure in which is directed against the wind blowing into the funnel.

The same thing happens when the wind hits buildings - it dissipates from hitting them
and the air thrown into the space between the buildings creates a barrier to the oncoming wind,
preventing it from accelerating, as in the case of the funnel. However, the observation that the
narrow streets of London generate stronger surface winds than the wide streets of New York
[4] is quite true. This is explained by the fact that skyscrapers of the same size in London and
New York form the same upward flow, but the air, which, according to the stated version, is
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«pulled» into its place (in this case by analogy with water) along the narrow London streets,
has a higher speed in comparison with the movement of the same volume of air along the wide
streets of New York.

The large number of «problem» skyscrapers and stronger surface winds in England
can also be explained by the fact that, due to weather conditions, English architects are more
inclined to “sunny” orientation of skyscraper facades and prefer to clad their structures with
heat-absorbing materials. Examples of this are the cladding of Bridewater Place in Leeds (Fig.
4) with aluminum, which is the second most heat-absorbing material after copper, and the bright
Walkie- Talkie cladding in London (Fig. 1), on the reflected rays of the sun, according to
journalists [ 2 ], you can cook eggs.

Recommendations on design and diagnostics of skyscrapers aerodynamics

Thus, it can be stated that the proposed version fully explains all the reasons for the
formation of surface winds and manifestations of their properties in the vicinity of skyscrapers.
This allows us to formulate some recommendations for their design:

= high-rise buildings should face south with a narrow side;

= even in such an arrangement, building facades should not contain heat-absorbing
cladding to avoid surface winds during sunrise and sunset hours;

= buildings located to the north of the projected skyscraper will contribute to the reduction
of its surface winds, as the warming of their facades will draw some of the cold air
from the northern courtyard of the skyscraper to itself;

= the presence of buildings to the south of the projected skyscraper will increase its surface
winds, as in their shadow areas will be formed an additional volume of cold air, which
will rush to skyscraper as soon as its heating will create an upward flow of air and will
form, as a result, an area of low pressure at its base.

Consequently, the surface wind of each skyscraper is the result of the complex influence
on its «wind situation» of all nearby buildings. Therefore, the diagnosis of the expected surface
winds on each street should be carried out by the technology of computer modeling, in the
program of which it is necessary to introduce algorithms of the underlying physical phenomena:
1 - air moves from a high-pressure region to a low-pressure region;

2 - warmed air rises upwards.

Diagnostics is also possible by analogy with tests of buildings in a wind tunnel [6],
but for the case of studying surface winds it is necessary to build a model of a residential
complex from heat-absorbing material, simulate the sun by means of a thermal radiator and
register the air movement on the streets of the model by means of smoke or micro sensors. The
warming effect of building facades can be enhanced by realizing their local heating by means
of built-in electric heaters.

Technologies to reduce the intensity of surface winds

However, the diagnosability in the design of new skyscrapers leaves open the following
question — «buildings that create wind flow problems are large, beautiful and expensive, so they
cannot simply be demolished» [4, 6] . Currently, to reduce the intensity of surface winds near
these buildings, protective barriers are used [8] , which partially disperse or deflect the already
generated wind from the sidewalks without having any effect on the causes of its occurrence.
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In this perspective it is of interest the method of counteracting the process of formation
of surface wind [9], based on the statement of the above-mentioned version that a large volume
of cold air is formed in the northern part of the building, which creates the greatest pressure at
its base, pushing the air from there to the southern side of the building, where the upward flow
of air formed a low-pressure area.

The movement of this volume of air along the entire circumference of the building can be
prevented by providing the air with a shortened corridor from the base of the north wall of the
building to its south fagade through several 30-50 cm diameter pipes that will run through the
technical floors of the building and exit through its lobby at the second floor level, so as not to
interfere with pedestrians and traffic. Design solutions will make it possible to make the pipe
outlets look like portholes or other design structures.

From the perspective of theoretical physics, it can be argued that this technology can
provide complete suppression of the surface wind around the building only if it is assumed that
the pipes laid through the building present zero resistance to the air passing through them. In
the real case, however, a very small amount of wind flow will continue to girdle the building
due to the fact that the inner walls of the pipes will offer some non-zero resistance to air
movement.

Therefore, the wind intensity in the pipes and in the direction around the building will be
determined by the ratio of the resistance of these directions to the air flow in accordance with
the well-known physical law of the movement of certain media in the direction of least
resistance, which is a fundamental principle in both electrical engineering and computing
technologies.

Consequently, it can be concluded that increasing the number of “parallel” installed
pipes in a building will contribute to reducing the total resistance of the through corridor
running through the building. It is also obvious that the increase of wind flow through the pipes
will be promoted by the increase of their diameter, as in this case the internal resistance of the
pipes will grow in proportion to the radius of the pipe, and its capacity - in proportion to the
square of the radius.

Fig. 1. Walkie -Talkie skyscraper (160 m) Fig. 2. Skyscraper Gherkin (180 m) in
in London London
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Fig. 3. Skyscraper Burj Khalifa (828 m) Fig. 4. Bridgewater Place skyscraper (112

in Dubai m) in Leeds

Conclusion

The presented version gives an exhaustive explanation of all manifestations of the
properties of surface winds. It allows us to formulate some recommendations for the design of
high-rise buildings, providing the reduction of the effect of surface winds, as well as to develop
a technique for diagnosing their interaction with high-rise buildings. A new technology for
reducing the intensity of surface winds at the base of already built skyscrapers is proposed.

References
1. Kashin M.D., Nabokova T.B., Bgashev V.N. Ecological interaction of high-rise

buildings and the environment - experience of foreign countries // International electronic
scientific and educational journal N1(30) 2015 Moscow Architectural University

2. Gwyn Topham , Adelina Adjei City of London Tightens rules on skyscrapers over
wind tunnel fears // The Guardian. Tue 20 Aug 2019 . The Guardian

3. Antonio Pacheco London to regulate wind design for new skyskrapers //Archinect
News. Aug 20 ,2019. Archinect News

4. Jose Diego Monroy Why is there more wind at the base of the skyscrapers and how to
reduce it? //Civl Engineering - Construction - Land Development. 16 July 2019. Civil
Engineering

5. Skripchenkova S.Yu. Impact of wind loads on high-rise buildings // Astrakhan Bulletin
of Environmental Education. No. 2 (40) 2017. pp. 103-108. Astrakhan State University

6. Justin Parkinson The problem with the skyscraper wind effect /BBC News. 9 July
2015. 2015 BBC News

7. By editor of Windcrane Logic Energy LTD. Why Skryscrapers cause windiness in
the streets around them Windcrane

8. Nada Piradeepan Bridgewater Place puts «wings» in place to block wind". BBC News .
13 okt. 2017. 2017 BBC News

50


https://bit.ly/4kBQuAj
https://bit.ly/The-Guardian-News
https://bit.ly/Archinect-News
https://bit.ly/Civil-Engineering-News
https://bit.ly/Civil-Engineering-News
https://bit.ly/3FYCBgi
https://bit.ly/2015-BBC-News
https://bit.ly/Windcrane
https://bit.ly/2017-BBC-News

Bulletin Of High Technology N 2 (34) 2025.-pp. 45-52 NATURAL SCIENCES

M.V. Markosyan, H.H. Ayvazyan

RESEARCH OF MODEL FOR INCREASE LEARNING SPEED
OF ANEURAL NETWORK IN THE LINUX OPERATING SYSTEM

9. Ayvazyan H.H. High-rise building with reduced intensity of surface wind //Patent AM
954 Y. Priority 30.08.2023. Patent

pUrarucury ceuLerkh aStuUBrau3dbL LULUPLENP LYURESUUL L
ureSnrncuuu vnr SsvunLnaruuer

U.d. UwpYynuywt, £.£. Uyjuqu
Epluwtip Yuwh dhonghiiph 9<h ®LL

Pwpapwhwnly otuptiph  hphdpbiph  2powlwipnd  wnwowgnn  glitmuwdbipdw)hu
pwdhubiph  pwqdwrehy nwnwduwuhpnee)niuubpp dhtuy opu nbinbu  pny; s6U nyby
ghntwlwuubpht wnwownpb $hghljwih wnbuwuyniuhg hpduwynpwd wnbjuuninghw
upwug nbd wwjpwpbint hwdwp: Hpw hGnbwupny fungnp pwnwpubiph h2luwunteniuubpp
unphyywsd  bLu uwhdwuwthwyby  pwnwpwohuniejwu wép  pwnwpwghubiph
wuywmwugnipinitup - wwwhngbine tywwwyny:  <nnjwdnid - wnwowpywd  Jwnplwdp
Ywnnigwd £ onwjhtu quugqywdubiph swpddwt $hghlwjh hhduwpwp optupubiph Jpw W
nhunwnpynud | gbinuwdbpdwihu pwdhubph wnweowgnidp npwbtiu nbwh hwpwy dwlwnwphu
dwuny ninnyuwd otupbiph tipyne Ynndbph onh quuqywsdubtiph dhol 9bpdwjhtu tnwppbipniejw
Guwynpdwt hbinlwup:

Pwtwih pwnbp' gbnuwdbpdwihu pwih, pwpdpwhwpy obup, pluwpbn, onh quugywd

HOBBIE TEXHOJIOI'MN JUAT'HOCTUKHU U CHUKXEHU A
WHTEHCUBHOCTHU MPU3EMHOI'O BETPA BLICOTHBIX 3JAHUI

M.B.MapkocsH, I'.I'.AjiBazsin
Epesanckuii HUW Cpedcms Csszu

MHoro4uciaeHHble HaOJIOJCHUS TMPOIecca BO3HUKHOBEHHS MPHU3EMHBIX BETPOB Yy
OCHOBaHMsI HEOOCKpPEOOB TeM HE MeEHee HE TMO3BOJNWIM YYEHBIM CO3AaTh (PU3UUECKU
000CHOBAaHHYIO TEXHOJIOTHIO OOpbOBI ¢ HUMU. B CBSI3M C 3TUM aJIMUHHCTpAUU OOJBIINAX
TOPOZIOB BBIHYXKJIEHBI CIIEP)KUBATh TEMITBI TOPOJICKOTO CTPOMTEIhCTBA JUIA OOECIICUCHHUS

Oe3omacHoCTH rpaxkaaH. [lpennoxeHHass B cTaThbe BepcUsi OCHOBaHA Ha (yHIaMEHTaIbHbBIX

51


http://bit.ly/4e1vGjd

Bulletin Of High Technology N 2 (34) 2025.-pp. 45-52 NATURAL SCIENCES

M.V. Markosyan, H.H. Ayvazyan

RESEARCH OF MODEL FOR INCREASE LEARNING SPEED
OF ANEURAL NETWORK IN THE LINUX OPERATING SYSTEM

3aKOHax (1)I/I3I/II(I/I O ABWKCHUHU BO3AYHIHBIX MACC U PACCMATPUBACT IMPOLECC (I)OpMI/IpOBaHI/IH
MMPU3CMHOT'0 B€TPa KaK CICACTBUC O6p8.30BaHI/I}I Pa3HOCTU TEMIICPATYPHBIX (I)pOHTOB mo 0oe

CTOPOHBI BEICOTHOT'O 3/1aHH, O6paH_IéHHOFO (1)8.08.2[OM Ha Ior.

Knioueewvie cnosa: npu3eMHbIN BeTep, BHICOTHOE 37aHUE, HEOOCKPED, 00BEM BO31yXa

Submitted on 03.02.2025
Sent for review on 10.02.2025
Guaranteed for printing on 26.07.2025

52



Bulletin Of High Technology N 2 (34) 2025.-pp. 53-62. ECONOMICS

L.H.Azatyan
LABOR MARKET PROSPECTS AS A RESULT OF IMPLEMENTATION OF DIGITAL TECHNOLOGIES IN THE FINANCIAL SECTOR

UDC - 331.526
LABOR MARKET PROSPECTS AS A RESULT OF IMPLEMENTATION OF

DIGITAL TECHNOLOGIES IN THE FINANCIAL SECTOR

Lusine H. Azatyan

Public Administration Academy
e-mail: lusiazatyan@gmail.com
ORCID iD: 0009-0004-3536-168X
Republic of Armenia

https://doi.org/10.56243/18294898-2025.2-53

Abstract

The path of human development has always been aimed at identifying innovations and
improving the quality of life. It is noteworthy that, especially recently, the development of the
latest topologies is lightning fast, creating a perfect version at each subsequent stage, and very
often people do not even have time to follow the dynamics of development. However, like
almost all economic phenomena, this development also has both its positive and negative sides.
In particular, with the introduction of the latest digital technologies, the business environment
becomes easier to manage., strives to be more secure and improves productivity by providing
greater fair value. But at the same time, the introduction of digital technologies is pushing the
labor market into a crisis situation, since an automated mechanism is replacing a person, which
in many cases is a more profitable option for the employer. This phenomenon in itself causes
an increase in the unemployment rate, which is one of the most important strategic tasks for
any country. This article aims to present the implications of the introduction of digital
technologies in the financial sector., analysis and vision of the development of the financial
sector of developing countries, both in the Republic of Armenia and in the international arena,
in accordance with the Armenian economy. The causal article presents the impact of digital
technologies on the labor market in the financial and banking sector, the pros and cons of this
phenomenon. The article concludes with a conclusion drawn from the analysis and comparison
of the above-mentioned phenomena.

Keywords: Digital technologies, financial sector, labor market trends, IT, artificial
intelligence(Al), automation of robotic processes (RPA), fintech (fintech).

Introduction

The introduction of digital technologies in the financial sector over the past decade has
radically changed the business environment, affecting both the operations of companies and the
structure of the labor market. Traditional banking and financial systems are being transformed,
becoming more secure, automated, fast and flexible, which creates new professions, as well as
reduces the demand for some traditional jobs. The impact of the digital age on the financial
labor market is inevitable, and it requires adaptation and continuous training on the part of
employees.

In Armenia, this process is also evident in the digitization of financial institutions, the
development of innovative payment systems and fintech startups. Digital technologies such as
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artificial intelligence (Al), machine learning (Machine Learning), blockchain, and
cybersecurity are strongly influencing how financial and banking services are provided,
requiring professionals with new skills.

This article will describe how the labor market is changing due to the introduction of
digital technologies in the financial sector, what new professions are emerging, what are the
main factors of job cuts, and what are the prospects for professionals in this field.

Conflict Setting

Today, almost all countries of the world are making major investments in the
development of digital technologies in their country. This development, in turn, brings forward
a number of new needs that may have been unrealistic and unattainable until now.

The introduction of digital technologies, especially in the financial sector, has become
an important turning point in the global economic context. The introduction of digital
technologies in the financial sector is significantly changing the traditional ways of providing
financial services.  This, of course, helps to speed up the execution of transactions, reduce
costs, increase security, and also contributes to more efficient management. Of course, the
introduction of digital technologies in the financial sector also opens up new opportunities., but
there are also new challenges in the labor market [1]. The introduction of digital technologies
in financial services is also affecting the labor market, creating new professions and demands
on the workforce. This requires new skills from employees in the financial sector, given the use
of artificial intelligence, blockchain technologies, digital assets, data analysis, and mobile
payments. Digital technologies such as blockchain, artificial intelligence (Al), big data (big
data), mobile payment systems and other innovations, not only financial services are changing,
but also the structure of the labor market. Innovations related to automation in the financial
sector using robots and bots may reduce the demand for traditional financial work. For example,
in banking services, customer service can be automated, leading to the provision of less
traditional services without human intervention. The introduction of digital technologies
requires new skills from employees of the financial sector. Artificial intelligence, The growing
demand for blockchain technology and data analysis is forcing employees to acquire technology
skills. The development of high technologies plays a crucial role in improving the
competitiveness, security and standard of living of the state. States that create and develop high
technologies register changes in the competitive environment and occupy leading positions in
the international arena. The financial technology market is experiencing significant
development in Armenia, This is accompanied by significant investments from private market
participants and the development of their own high-tech products. The fastest growing market
segments are digital banking services, digital wallets, digital credit platforms, etc. [2]. Armenia
has made some progress in terms of digital technology development, but compared to the
leading countries of the world, it is at different levels.

Research Results

If we look at global experience and statistics, the leading countries are distinguished by
the widespread use of digital banking services, fintech innovations and the relevant regulatory
environment in terms of the level of implementation and development of digital technologies
in the financial sector. However, the introduction of digital technologies in the financial sector
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has had a significant impact on labor markets around the world. if we look at an analysis of

several leading countries based on official data, we will have the following description:

= USA-The rapid development of artificial intelligence (Al) and digital technologies in the
USA has led to the automation of certain professions. A study by the Brookings Institution
found that the impact of Al is particularly noticeable in high-paying professions such as
programmers, lawyers, and financial analysts. This may lead to the reduction of certain jobs,
but at the same time opens up new opportunities in Al-related fields [3];

= United Kingdom-According to a PwC report, widespread adoption of artificial intelligence
in the UK has led to increased productivity and higher wages. The number of jobs requiring
artificial intelligence skills has increased significantly, and employers are offering an
average of 14% higher wages in these areas [4] This indicates the positive impact of
artificial intelligence on the labor market;

= Australia-By 2030, the development of artificial intelligence in Australia is projected to
affect up to 1.3 million jobs, especially in the areas of catering, office support and customer
service. But sectors that require physical labor, such as mining and construction, are
relatively less threatened by automation [5];

= India-The fintech sector in India has grown significantly in recent years. According to the
Ernst & Young report, India ranks second after China in terms of fintech adoption - 87%.
This has contributed to the creation of new jobs and the expansion of the labor market in
the financial technology sector [6];

= EU countries-data analysis shows that the demand for digital professions in EU countries
has grown significantly. For example, in lItaly, the demand for database and network
technology specialists increased nine-fold between 2014 and 2021. This demonstrates the
importance of digital skills in the labor market. [7].

If we look at the degree of implementation and development of digital technologies in
countries that are comparable to Armenia in terms of development and economic size, it can be
noted that Georgia is perhaps in the leading position, occupying a leading position in the field
of digital technologies in the South Caucasus. Financial services, digital payment systems, and
blockchain technologies are actively developing in this country, as well as FinTech and Log-In
startups in Georgia. [8].

Perhaps we can also include Bulgaria and Romania in the list of countries comparable

to Armenia in terms of development and economic size.
It is true that Bulgaria has a stable and growing digital technology sector, which is one of the
largest income-generating sectors in the country, but at the same time it is worth noting that
only 41% of the Bulgarian population has basic digital skills, which is a challenge for the
development of digital technologies [7].

Romania is an emerging economy in which digital technologies are beginning to play
an increasingly important role in the financial sector. Although the growth of the Romanian IT
market is projected to slow down in 2025, it will remain one of the leaders in the region due to
the transformation of digital technologies and outsourcing [9].

Now, if we compare and analyze the changes in the labor markets in these countries
over the past 5 years with the introduction of digital technologies in the financial sector, the
picture will be as follows:
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=  The number of new jobs in the digital technology sector in Georgia increased by about 30%,
and the demand for digital technology specialists in particular increased by about 50%. In
particular, blockchain technologies, jobs that required data analysis and other digital skills
were the most advanced. Due to the development of digital technologies in the financial
sector, the number of remote jobs has increased by about 25%. Implemented digital tools
have enabled financial services workers to work remotely without needing a physical
presence. All this has led to the growth of digital banking services by about 35% over the
past 5 years. The number of mobile banking users has exceeded 1.5 million people., which
makes up about 50% of the world's population [8];

= Due to the introduction of digital technologies in Bulgaria, the number of new jobs in the
financial technology sector increased by 20%. In particular, the demand for digital
technology specialists, blockchain technology developers, and data analysts has increased
in percentage terms. The demand for digital security specialists in Bulgaria has grown by
40% over the past five years. This is due to the increasing number of digital financial
instruments and the growing needs of banks for the security of digital infrastructure as
digital technologies are introduced., According to statistics, the number of mobile banking
users in Bulgaria increased by about 45%, and in general, the frequency of use of digital
banking services also increased, accounting for about 60% of all banking transactions. From
all this, we can conclude that the introduction of digital technologies in Bulgaria has
changed the financial sector and the labor market, creating new opportunities and demand
for professionals [10].

= Due to the introduction of digital technologies in Romania, the number of new jobs in the
financial technology sector increased by 20%, and the number of remote jobs in the
financial sector increased by 30%. And the 45% increase in the number of mobile banking
users over the past five years has led to an increase in demand for digital security specialists
alone by about 40% [11].

Keeping up with the times, it should be noted that the development and promotion of
digital technologies today is perhaps a prerequisite for the economic growth of both the state
and organizations. It should be noted that, especially in the financial and banking system, the
more innovative and modern digital technologies are introduced, the higher the level of
accessibility and trust. The Republic of Armenia, as well as the aforementioned countries, as
developing countries, we can note that in the economy, In particular, in the financial and
banking sector, the main focus is on the development and modernization of digital technologies.
However, it should be noted that despite the fact that the Armenian government has recognized
the IT sector as a priority sector of the economy, nevertheless, no substantive steps are being
taken to stimulate the development of the sphere. In particular, small amounts of government
consumption contradict the logic of international experience in the development of the sphere
[12]. More than 60% of Armenian companies have not implemented modern technologies,
which indicates that, that compared to European partners, local companies are still lagging
behind in the level of "digital maturity”. Advanced digital technologies are little used in such
important business functions as manufacturing and service provision (only 7% are used).
companies face uncertainty, shortage of skilled workers, as well as a lack of information and
awareness about digital technologies that meet the needs of their business, while at the same
time experiencing uncertainty about the results of investments in these technologies. The
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quality of management and integration with global markets are two more stimulating factors

that explain the trend of technology use.[13] In accordance with these incentives, the following

important signs of the introduction and development of digital technologies in the financial and

banking sector appear:

= "Instant” data analysis at any time, for any period of time, and decision-making based on
them-—artificial intelligence (Al) and machine learning (ML) — are used to assess risks,
analyze credit histories and detect fraud, while big data (big data) helps predict customer
behavior and develop personalized solutions. financial offers;

= Process Automation and Optimization-Robotic process automation (RPA) reduces the
amount of manual work, speeds up transactions and increases operational efficiency, and as
for reducing transaction costs and transparency, it is based on the Smart Contracts tool based
on the blockchain;

= Cybersecurity and data protection - Multi-factor authentication (MFA) reduces the risk of
unauthorized access. Protects financial and personal information with data encryption.And
implemented cyberattack prevention systems are important in the banking sector, where
cyber attacks often occur;

= Customer feedback — This tool is perhaps one of the tools for developing an effective and
correct strategy in the financial sector, since, for example, chatbots and virtual assistants
simplify customer service. Modern and convenient mobile and online banking provides fast
and convenient provision of financial services, which is the key to attracting new customers
and retaining existing customers.And personalized offers Digital technologies make it
possible to offer customized loans, insurance, and investment opportunities by offering
them to customers. What do they need at the moment?

The list of these symptoms can probably be continued indefinitely, and all this, merging
together, forms a powerful competitive resonance among the structures of the financial sector.
However, it is worth noting that an attractive vision for improving management efficiency and
competitiveness in the market may be presented from the employer's point of view, but what
about the labor market? By introducing new systems and innovative programs, we can note that
in the Armenian reality, as the demand for digital technology specialists grows in the labor
market, At the same time, the demand for specialists in the financial sector has declined sharply,
as digital technologies have begun to replace human thinking, meeting needs and at the same
time predicting the future and making optimal decisions.

Observing the labor market of the Republic of Armenia, according to the indicators of
the Statistical committee, we can see that the most sought-after profession in the labor market
of the Republic of Armenia is the specialty "Banking and credit business"”, and the innovation
of digital technologies in the financial and banking sector leads to an increase in demand for
the services provided.So, in 2024, financial sector services showed an increase of 15%, from
which we can assume that the employment rate in the financial and banking sector has
improved, but unfortunately,, Official sources have not released specific figures . [14] Despite
the fact that the unemployment rate rose to 13.9% in 2024, the demand for specialists in this
field in 2024 even exceeded the most in-demand IT sector over the past decade. In the Armenian
labor market, this area accounted for about 30% of advertised vacancies, which exceeds its own
figure compared to 2023. Summary data for 2024 show that the average employment in the
financial and banking sector is 838,000 AMD (including taxes), which is the second highest-
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paid sector., giving way only to the IT sector, where the average salary is 1,125,000 AMD
(including taxes) . [15] If we make a historical review, we can note that the introduction of
innovative digital technologies in the financial and banking sector in Armenia began in the late
1990s. In 1999, the Central Bank introduced the CBA electronic payment system.NET, which
automated cash flows between banks. In 2001, the national payment system ARCA was
established, which allowed servicing local and international payment cards.: In the mid-2000s,
the introduction of remote banking services began, but they became widespread only in the
2010s. In 2017, the government launched the Fintech Hub Armenia program to stimulate the
development of fintech startups. In 2022, the Information Systems Agency of Armenia was
established to support the country's digital agenda. [16] Thus, over the past two decades, the
introduction of digital technologies in the financial and banking sector of Armenia has
continued, contributing to the modernization and development of the sector., at the same time,
contributing to the growing demand for the workforce of digital technology management
specialists. The financial and banking sector of Armenia uses digital technologies such as digital
banking platforms such as online banking, payment systems with NFC and QR codes, artificial
intelligence and chatbots, big data, blockchain and other digital assets, analytical tools, API
integrations and Open Banking. It should be noted the introduction and improvement of
cybersecurity, which provides features such as 2FA (two-step authentication), biometric
authentication., cyber training for employees. It is noteworthy that with this tool, all investments
are monitored in order to protect against hacking and ensure data confidentiality. It is also
important to note that AM Local FinTech has been introduced in the Armenian financial and
banking sector, providing innovative solutions such as SoftConstruct, Hexact, Mambu
integration into some banks, Digitain (Digitain financial branch), innovative digital Credit
Systems, and, of course, the availability of a digital credit history of a credit bureau. The
introduction of these digital technologies, Despite the widespread increase in unemployment,
this contributes to the expansion of the labor market in the financial and banking sector and the
growing demand for digital technology management specialists, providing new jobs and new
horizons.

However, it should be noted that the introduction of digital technologies, like any
phenomenon, has not only positive but also negative sides. Unfortunately, there is currently no
official digital data showing how much the number of jobs has decreased as a result of the
introduction of digital technologies in the financial and banking sector. Nevertheless, it is
important to note that the government and the private sector of Armenia are actively working
in accordance with changes in the labor market, introducing training programs and educational
initiatives to support employees in acquiring new skills. Example, It is planned to conduct
online courses on financial and digital literacy for the participants of the voucher employment
program [17].

The introduction of digital technologies in the labor market of the Armenian financial
sector is causing profound structural changes. This applies both to the nature of jobs, as well as
to the required skills of employees, the professions involved, wages, and ways of organizing
work [18].

Considering international experience and vision, we come to an analysis of global and
regional trends, according to which automation, Al and fintech in the financial sector lead to
staff restructuring rather than widespread reduction, at the same time, one of the most changing
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industries is banking and financial services, where the number of data processing and analysis
specialists is growing. According to McKinsey & PwC forecasts, approximately 30-40% of the
financial sector will be automated by 2030. However, at the same time, 10-15% of new jobs
will be created in the digital sphere [1].

If we analyze the changing types of jobs as a result of the introduction of digital
technologies in the financial and banking sector, we will get the following scale of changes in
requirements, which decrease and increase:

Professions with declining demand Sought-after professions with growing demand

Classical accountants Fintech analysts

Service Operators Data Analysts

Cashiers Cybersecurity Specialists

Standard Credit Specialists Developers of online and mobile applications
Conclusion

The introduction of digital technologies into the financial sector has played an important
pivotal role in the context of economic development and economic growth. However, at the
same time, new demands were put forward in the labor market and new requirements for
specialization in the latest digital technologies appeared. We can note that digital technologies
have advanced the following trends in the labor market:
= Job growth: the introduction of digital technologies creates new jobs, especially in the field
of banking IT and analytics;

= Automation: As a result of automation, some traditional functions are reduced, which may
lead to the reduction of some jobs;

= Demand for skills: There is a growing demand for professionals with digital skills;

= Educational initiatives: The Government and the private sector are implementing training
programs to improve the skills of employees.

As for the analysis of risks and opportunities of the labor market.

We will have the following problems with medium-term risks:

1. Lack of qualified specialists

2. Job cuts at an average skill level

In the context of long-term opportunities, we will have the following vision:

1. A competitive workforce can be formed through special training programs

2. New high—paying positions are emerging - fintech, cybersecurity

3. Digitalization of the economy can contribute to the activation of regions through

remote work
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NEPCHHEKTHUBBI PBIHKA TPYJIA B PE3YJIBTATE BHEAPEHUS HU®POBbBIX
TEXHOJIOT'M B ®PUHAHCOBYIO COEPY
JI.A. A3zaTan

Axademus eocyoapcmeentozo ynpasnenus PA

[IyTe yenoBeyeckoro pa3BuUTHs Bceraa ObUT HAIPaBJICH HA BbISBICHUE MHHOBALUN U
MOBBIIIEHHE KauecTBa ku3HU. [IpruMeuarensbHo, 4TO, 0COOEHHO B IOCIEIHEE BpEMs, pa3BUTHE
HOBEWIIMX TOMNOJOIMH HPOMCXOIUT MOJIHMEHOCHO, CO3/1aBas COBEPIIEHHYIO BEPCHIO Ha
Ka)KIOM MOCJIEIYIOIIEM 3Talle, U OYEHb YaCTO JIFO/IM 1aXKe HE YCIEBAIOT CIEINUTh 3a INHAMUKON
pa3BuTHs. OHAKO, KaK U IMOYTH BCE SKOHOMUYECKHE SBJICHHUS, 3TO PA3BUTHE TAK)KE UMEET KaK
CBOU TIOJIOKUTENbHBIE, TaK W OTPHIATENbHbIE CTOPOHBL. B YacTHOCTH, C BHEApPEHHEM
HOBEHIIMX HU(PPOBBIX TEXHOJIOTUI OM3HEC-CPEeJON CTAHOBUTCS JIET4Ye YNpPaBIsATh, CTPEMUTCS
ObITh OoJiee 0€30MacHbIM U TMOBBIIAET MPOU3BOAUTENBLHOCTh, OOecreunBas OOJIBLIYIO
CTpaBeNIUBYI0 CTOMMOCTh. Ho BHenpeHne mH(POBBIX TEXHOJIOTMA B TO K€ BpeMs
MOJTAJIKUBAET PHIHOK TPYJIa K KPU3UCHAS CUTYallUs, TOCKOJIBbKY Ha CMEHY YeJIOBEKY NPUXOIUT
aBTOMAaTU3MPOBAHHBIA MEXaHU3M, KOTOPBI BO MHOTUX CIydYasX SIBJISETCs O0jiee BBIMOJHBIM
BapUMaHTOM M paborojarens. OTO SBICHHE CaMO IO ceOe BBI3BIBAET POCT YPOBHS
0e3paboTHLIbI, UTO ABJISAETCS OAHON U3 BAKHEHIINX CTPATErHUYECKUX 3a/1a4 JUIsl JTF0O0M CTpaHBbl.
OTa cTaThs HalpaBlieHa Ha MPEICTaBUTh MOCIEICTBHS BHEAPEHUs NU(POBBIX TEXHOIOTUN B
(MHAHCOBOM CEKTOpE, aHAJIW3 U BUJCHUE Pa3BUTUS (PUHAHCOBOI'O CEKTOpa Pa3BUBAIOLIMXCS
CTpaH, Kak B PecrnyOnuke ApMeHHs, TaKk U Ha MEXKAYHApOIHOW apeHe, B COOTBETCTBUU C
SKOHOMHUKOW ApMeHHH. B cTaThe ¢ MPUUMHHO-CIEACTBEHHOM CBS3bIO MPEICTABICHO BIUSHUE
1M(POBBIX TEXHOJIOTUI Ha PHIHOK Tpy/Ja B (PMHAHCOBO-0AHKOBCKOM cdepe, MIF0CHl U MUHYChI
3TOrO SBJICHUS.

Knroueswie cnosa: nndpoBbie TEXHOJIOTUH, (PMHAHCOBBII CEKTOp, TEHACHIIUU PBIHKA
tpyna, UT, uckyccrBennsiit uatesuiekt (M), aBromaTuzamnus poOOTU3UPOBAHHBIX MPOIECCOB
(RPA), punrex (FinTech).
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Abstract

The provision of public finances of the state, as well as the increase in their efficiency
and scale, the growth of the population's well-being, and the development of the national
economy depend on a number of factors and prerequisites. These factors, both in the present
and in the long term, predetermine the main strategic directions of socio-economic progress.
To ensure the comprehensive development of society and the strengthening of the country, it is
necessary not only to achieve an adequate level of consumption but also to ensure a sufficient
norm of accumulation, which serves as the basis for further development and expanded
reproduction. If this natural course of reproduction is not ensured, society loses guarantees of
further development, which may result in the undermining of the country’s security and the
failure of the state’s economic policy. In other words, it is essential to have certain financial,
material-technical, labor resources, and natural reserves from the perspective of future
development, which can ensure further socio-economic progress. Thus, the formation and
multiplication of the country's national wealth acquire not only economic but also political
significance and importance.

The state and process of economic progress and expanded reproduction are
characterized by several macroeconomic aggregate indicators. Among these, the calculation of
gross domestic product (GDP) (with its various modifications, such as the volume, growth rate,
GDP per capita, etc.), national income, gross national income, and other macroeconomic
indicators with their various modifications is particularly emphasized.

However, the main shortcoming of these indicators is that they essentially represent the
current state of a country’s development without reflecting its potential and capacity for socio-
economic development. This key gap is addressed by the indicator of national wealth.

Currently, the unified methodological guidelines of the World Bank are widely used for
defining and calculating national wealth. National wealth constitutes an integral part of the
System of National Accounts (SNA). The SNA serves as a foundation for calculating economic
growth by governments, the private sector, international organizations, and other stakeholders.

National income and well-being are based on the assets or wealth of a country,
calculated based on various criteria. National wealth includes the following four components:
produced capital, natural capital (resources), human capital, and net foreign assets.
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It follows that the primary source of increasing a country's national wealth is the growth
of gross domestic product. One of the methods for calculating the magnitude of gross domestic
product (GDP), as the main macroeconomic indicator for assessing the country’s economic
potential (strength), is the expenditure approach. The article discusses the relationships of
distribution and redistribution of national wealth and their impact on the formation of incomes
of different population groups.

Keywords: national wealth, income groups, public finances of the state, economic
growth, GDP, GDP growth rate per capita

Introduction

The economic development of the former Soviet Union countries has undergone
complex transformational processes, driven by political changes, challenges in transitioning to
a market economy, and varying levels of global economic integration. The pace of economic
growth, development trajectories, and economic policies of these countries differ significantly
depending on their natural resources, human capital, governance systems, and international
economic relations.

The South Caucasus countries, Armenia, Georgia, and Azerbaijan represent a unique
region where economic development is influenced by both internal reforms and external factors.
Georgia has focused on infrastructure development, positioning itself as a regional transit hub;
Azerbaijan continues to rely on its oil and gas industry, creating economic dependence on
resource exports; and Armenia, with limited natural resources, is compelled to build its
economy based on human capital development and technological innovation.

Over the past decades, Armenia's economic model has gradually shifted from a labor-
based model to one dominated by capital income. Despite the overall growth in national wealth,
the country's economic stability remains dependent on effective governance, innovative
policies, and the implementation of long-term development strategies.

The aim of this study is to assess the economic development trends of Armenia, the
South Caucasus, and the former Soviet Union countries by analyzing their national wealth
structure, economic growth dynamics, and income distribution patterns. Based on this analysis,
well-founded recommendations will be presented to ensure economic stability and growth.

National wealth is widely recognized as a measure of a country's economic potential
and well-being. Simon Kuznets (1955) emphasized the relationship between economic growth
and wealth accumulation, arguing that wealth acts as a catalyst for sustained development. He
noted that unequal income distribution could limit the overall socio-economic impact of
growth!. The World Bank’s unified methodological guidelines for national wealth estimation
provide a comprehensive framework for measuring produced, natural, and human capital, and
their report highlights the role of wealth in sustainable economic development?.

Wealth distribution has been a focal point of economic inequality debates. Thomas
Piketty’s Capital in the Twenty-First Century (2014) provides an extensive historical analysis,
showing that wealth inequality has grown disproportionately due to lower taxation on inherited

1 Kuznets, S. (1955). "Economic Growth and Income Inequality." American Economic Review, 45(1), pp. 10-12.
2 World Bank. (2006). Where is the Wealth of Nations? Measuring Capital for the 21st Century. Washington, DC: World
Bank, pp. 25-30.
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capital®. Similarly, Stiglitz (2012) explored how unequal distribution of wealth hinders
economic growth and creates systemic instability, particularly emphasizing the need for
redistributive fiscal policies*. Anthony B. Atkinson (2015) further outlined practical approaches
to reduce inequality, including progressive taxation and public wealth-sharing mechanisms®.

Gross Domestic Product (GDP), while a widely used measure, has been criticized for
its inability to fully capture a nation's wealth. Herman Daly (1996) advocated for using genuine
savings and national wealth as indicators that incorporate environmental and human capital
considerations®. Hamilton and Clemens (1999) proposed adjusted net savings, which account
for natural resource depletion and investments in human capital, as a more accurate measure of
long-term wealth’.

The institutional frameworks governing wealth capitalization and distribution play a
significant role in economic outcomes. Douglass C. North (1990) analyzed how political and
economic institutions shape wealth creation and allocation, emphasizing that inclusive
institutions foster equitable growth®. Acemoglu and Robinson (2012) expanded on this by
demonstrating that inclusive policies contribute to sustained wealth generation, whereas
extractive policies exacerbate inequality®.

In the South Caucasus, disparities in wealth distribution and income levels are
pronounced. Grigoryan (2017) examined the region’s structural economic challenges,
highlighting the uneven capitalization of natural and human resources and its impact on income
inequality’®. Mammadov and Petrosyan (2018) explored the relationship between natural
resource wealth and economic growth in the region, emphasizing the need for diversified
economic policies to reduce overreliance on natural resources®?.

Research Results

Ensuring the sovereignty and independence of the state, the improvement of the
population's well-being, and the development of the national economy depend on several
factors and prerequisites that determine the main strategic directions of socio-economic
progress both in the present and the long term. To ensure the comprehensive development of
society and the strengthening of the country, it is necessary not only to achieve an adequate
level of consumption but also to secure a sufficient rate of accumulation, which serves as the
foundation for further development and expanded reproduction. If this natural course of
reproduction is not ensured, society is deprived of guarantees for future development, which
can undermine the country's security and lead to the failure of the state's economic policy. In

3 Piketty, T. (2014). Capital in the Twenty-First Century. Harvard University Press, pp. 430-440.

4 Stiglitz, J. E. (2012). The Price of Inequality: How Today's Divided Society Endangers Our Future. W.W. Norton &
Company, pp. 62-65.

5 Atkinson, A. B. (2015). Inequality: What Can Be Done? Harvard University Press, pp. 91-94.

6 Daly, H. E. (1996). Beyond Growth: The Economics of Sustainable Development. Beacon Press, pp. 45-48.

7 Hamilton, K., & Clemens, M. (1999). "Genuine Savings in Developing Countries." World Bank Economic Review, 13(2),
pp. 339-341.

8 North, D. C. (1990). Institutions, Institutional Change, and Economic Performance. Cambridge University Press, pp. 68—
71.

9 Acemoglu, D., & Robinson, J. A. (2012). Why Nations Fail: The Origins of Power, Prosperity, and Poverty. Crown
Business, pp. 87-90.

10 Grigoryan, A. (2017). "Economic Development and Wealth Distribution in the South Caucasus." Caucasus Analytical
Digest, 93, pp. 6-8.

11 Mammadov, R., & Petrosyan, T. (2018). "Natural Resource Wealth and Economic Growth in the South Caucasus."
Economic Journal of the Caucasus, 12(4), pp. 126-128.
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other words, it is essential to have certain financial, material-technical, labor resources, and
natural reserves from a perspective of long-term development, which can ensure continued
socio-economic progress. Thus, the formation and multiplication of the country’s national
wealth acquire not only economic but also political significance and importance.

The state and process of economic progress and expanded reproduction are
characterized by several macroeconomic indicators. Among these, the gross domestic product
(GDP) is of particular importance, calculated in its various modifications, such as its absolute
size, growth rate, and per capita GDP. Additionally, the calculation of national income, gross
national income, and other macroeconomic indicators with their various modifications is vital.

However, a primary shortcoming of these indicators is that they represent, so to speak,
the state of development at a given moment without providing insight into the potential and
opportunities for socio-economic development. This significant gap is addressed by the national
wealth indicator. Unfortunately, despite its importance, the Statistical Committee of the
Republic of Armenia (formerly NSC of the RA), with over three decades of history, has yet to
calculate the value of this indicator. Currently, the unified methodological guidelines for
defining and calculating national wealth, developed by the World Bank®?, are widely accepted.
National wealth is an integral part of the System of National Accounts (SNA). The SNA serves
as a foundation for calculating economic growth by governments, the private sector,
international organizations, and other interested parties. National income and well-being are
based on a country's assets or wealth, calculated using various criteria. National wealth
comprises the following four components: produced capital, natural capital (resources),
human capital, and net foreign assets. It follows that the primary source of increasing a
country's national wealth is the growth of gross domestic product (GDP). One of the methods
for calculating GDP, a key macroeconomic indicator for assessing a country's economic
potential (strength), is the expenditure approach, expressed with the following formula:

GDP=Consumption+Investments+Government Purchases+Net Exports

Since the primary source of investments at the national level is gross accumulation, it
is advisable to use this indicator. Gross accumulation includes gross fixed capital formation
plus changes in inventory (stocks).

Analysys

As shown by the trends in the main components of GDP structure (Fig. 1), during 2012—
2023, the share of consumption exceeded GDP in some years (2012, 2013, 2014). From 2015
to 2020, it accounted for more than 90% of GDP, while in 2021-2023, it decreased from 84.9%
to 79.4%, which is a positive trend as it leaves more resources for accumulation. With such
indicators, it is evident that Armenia's economy is more “consumptive” than "accumulative."”
This is also reflected in the accumulation rate (gross accumulation/GDP, as a percentage),
which declined by 4.0 percentage points in 2023 compared to 2012. Similarly, the et
exports/GDP ratio decreased by 24.1 percentage points over the same period.

Sustainable long-term economic growth requires more intensive inclusion of
investments and portfolio assets. While GDP is an important metric for measuring economic
growth, it accounts only for income and production, failing to reflect changes in the core asset

12 World Bank Group. (2018). The Changing Wealth of Nations 2018: Building a Sustainable Future. Retrieved from
https://openknowledge.worldbank.org/bitstream/handle/10986/29001/9781464810466.pdf.
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base. Observing GDP in isolation may not accurately depict the economic situation. It does not
capture the depletion of natural capital or asset depreciation, nor does it answer critical
questions such as whether investments and wealth accumulation are growing due to population
increase, or if the composition of assets aligns with the country's development goals.

%o
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80.0 W; :
60.0
40.0
20.0 — — g — e ——§
0.0 —
200
-0.0 2012 2013 | 2014 | 2015|2016 | 2017 | 2018 | 2019 [ 2020 | 2021 | 2022 | 2023
—g— Consumption / GDP, % 1012)1024|1015| 912 | 908 | 923|913 | 560 (%903 | 849|793 | 794
== Gross Accumulation / GDP, % | 253 | 223 | 209 | 207 | 180 | 184 | 224 | 174 [ 197 | 230 | 216 | 213
Net Exports / GDP, % -248|-210|-199|-121| 96 |-12%(-101|-134|-100| -79 | -1.0 | -0.7

Fig. 1 The Ratio of Consumption, Gross Accumulation, and Net Exports
to GDP in Armenia, 2012-2023"*

The calculation of national wealth, as noted, is based on the following four components,
categorized by asset classes:

. Produced Capital: Expressed at market prices and includes buildings,
machinery, equipment, residential and non-residential urban land.
. Natural Capital (Resources): Includes energy resources (oil, gas, coal),

minerals (10 categories), agricultural land (pastures and arable land), forests (timber and certain
unique forest products), and protected areas. The value of natural capital is calculated as the
discounted sum of rental income over the entire active period of the resource.

. Human Capital: Measured based on the value of efforts, skills, and experience
of the population classified by gender and employment status (employed or self-employed).
The value of human capital is calculated as the discounted sum of lifetime wages.

. Net Foreign Assets: The difference between a country’s foreign assets and
liabilities, such as foreign direct investments.

Among macroeconomic components that characterize the socio-economic development
of each country, national wealth holds a crucial place. It is measured both at the scale of
individual countries and per capita. The national wealth indicator is not merely a quantitative
measure but also a qualitative, synthetic indicator. It reflects the effectiveness of utilizing the
economic system and social infrastructure potential of the country and its level of development.

This indicator primarily characterizes a country's socio-economic potential for creating
material and spiritual goods, serving as the foundation for shaping and improving the standard
of living of the population.

13 Compiled by the authors based on data from the Statistical Committee of the Republic of Armenia.
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It is worth noting that the issue of national wealth has been and continues to be a
fundamental subject of study in economics. Adam Smith's seminal work The Wealth of Nations
(1776) laid the foundation for economics as a distinct field of study. Both historically and today,
economics seeks to identify the sources of national wealth formation in various nations and the
primary methods and pathways for increasing this wealth.

Surprisingly, despite the Republic of Armenia having embarked on the path of
independence nearly three decades ago, the Statistical Committee of Armenia has yet to publish
data on the country's national wealth indicators.

The methodology for calculating this important macroeconomic indicator and the work
on its quantitative assessment have only been developed at a global level over the past 15 years.
The first study by World Bank specialists was published in 2006 under the title "Where is the
Wealth of Nations. Measuring Capital for the 21st Century."” This study introduced the concept
of national wealth, its assessment methodology, and provided quantitative estimates of national
wealth and its components for several countries worldwide!*. The second publication by the
World Bank in this direction, "The Changing Wealth of Nations: Measuring Sustainable
Development in the New Millennium," was released in 2011'°. This report clarified
methodological issues and expanded the scope of countries included in the assessment. The
third study in this field, titled "The Changing Wealth of Nations 2018: Building a Sustainable
Future," was published in 2018. It is notable for its refined methodology for assessing national
wealth, the quantitative evaluation of its individual components, and the expansion of the range
of countries included in the analysis'®. The data summarized in that report pertain to the year
2014, while specific data for former Soviet Union countries are presented in Tab. 1. The latest
report on national wealth, titled "The Changing Wealth of Nations 2021: Managing Assets for
the Future,X”" was published in 2021. It includes an overview of national wealth per capita for
countries and country groups worldwide, along with its individual components for the year
2018 (Tab. 2).

Tab. 1 presents the per capita national wealth figures, composition, and structure for
countries of the former Soviet Union, income-classified country groups, and the world, based
on the latest available estimates.

As evident from the table, the size of wealth varies significantly both across individual
countries and income-classified country groups, which is influenced by the proportions of the
different components forming national wealth. For instance, in the Republic of Armenia, the
share of subsoil assets in the wealth structure is 4.1%, whereas in Azerbaijan, this figure is
42.1% (more than ten times higher than Armenia's), and in Georgia, it is twice as low as
Armenia’s. It is also clear that the primary component of wealth globally is human capital,
accounting for 64.5% of the world's wealth, while in high-income OECD countries, it is 70.4%.
Armenia does not lag far behind the global average in this regard, with human capital

14 "Where is the Wealth of Nations. Measuring Capital for the 21st Century." The International Bank for Reconstruction and
Development/The World Bank, Washington, D.C., 2006, pp. 19, 143-158.

15 "Where is the Wealth of Nations. Measuring Capital for the 21st Century." The International Bank for Reconstruction and
Development/The World Bank, Washington, D.C., 2006, pp. 159-162.

16 "The Changing Wealth of Nations: Measuring Sustainable Development in the New Millennium." The International Bank
for Reconstruction and Development/The World Bank, Washington, D.C., 2011, pp. 27-49.

17"The Changing Wealth of Nations 2018: Building a Sustainable Future." International Bank for Reconstruction and
Development / The World Bank, Washington, D.C., 2018, pp. 28-29, 38-39.
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comprising 51.7% of the country's national wealth. In contrast, Azerbaijan has one of the lowest
human capital shares among the former Soviet Union countries, at just 14.0%.

Table 1

Per Capita National Wealth, Composition, and Structure for Former Soviet Union Countries,
Income-Classified Country Groups, and the World in 2014

Including
| 3 3 3 E
. . =} B o = 2
Countries and Income- National 3 =3 22 =2 1:
Classified Country Groups Wealth 3 % = § 2 2
s 5 £ < g 5
8 o = = L
QL_ =z s I 2
1 2 5 6 7
Armenia 52,894 15,451 12,702 2,150 27,329 -2,588
100.0 29.2 24.0 4.1 51.7 -4.9
Azerbaijan 85,341 20,061 45,935 35,938 11,961 7,384
100.0 235 53.8 42.1 14.0 8.7
Belarus 99,685 33,388 21,882 1,167 49,004 -4,588
100.0 335 22.0 1.2 49.2 -4.6
Estonia 258,903 91,646 20,093 591 155,041 -7,876
100.0 35.4 7.8 0.2 59.9 -3.0
Georgia 44,327 20,415 7,344 917 21,251 -4,682
100.0 46.1 16.6 21 47.9 -10.6
Kazakhstan 180,911 40,150 66,606 53,440 76,617 -2,461
100.0 22.2 36.8 29.5 424 -1.4
Kyrgyzstan 24,429 6,159 12,570 1,490 6,729 -1,029
100.0 25.2 51.5 6.1 275 -4.2
Latvia 236,906 113,746 18,738 0 113,472 -9,049
100.0 48.0 7.9 0.0 47.9 -3.8
Lithuania 169,046 63,254 12,758 174 100,081 -7,047
100.0 37.4 75 0.1 59.2 -4.2
Moldova 35,380 14,213 4,898 0 17,852 -1,582
100.0 40.2 13.8 0.0 50.5 -4.5
Russia 188,715 48,807 46,921 38,247 90,812 2,175
100.0 259 24.9 20.3 48.1 1.2
Tajikistan 42,286 30,397 7,431 229 5,015 -557
100.0 71.9 17.6 0.5 11.9 -1.3
Turkmenistan 146,831 39,740 59,062 37,843 47,510 519
100.0 27.1 40.2 25.8 324 0.4
Ukraine 56,053 25,171 13,345 5,210 18,952 -1,414
100.0 44.9 23.8 9.3 33.8 -2.5
Average of Former Soviet 115,836 40,186 25,020 12,671 52,973 -2,343
Union Countries
100.0 34.7 21.6 10.9 457 -2.0
Low-Income Countries 13,629 1,967 6,421 568 5,564 -322
100.0 14.4 47.1 4.2 40.8 -2.4
Lower-Middle-Income 25,948 6,531 6,949 1,944 13,117 -650
Countries
100.0 25.2 26.8 7.5 50.6 -2.5
Upper-Middle-Income 112,798 28,527 18,960 6,623 65,742 -432
Countries
100.0 25.3 16.8 5.9 58.3 -0.4
High-Income Non-OECD 264,998 59,096 80,104 72,074 111,793 14,005
Countries
100.0 22.3 30.2 27.2 42.2 5.3
High-Income OECD Countries 708,389 195,929 19,525 8,011 498,399 -5,464
100.0 21.7 2.8 1.1 70.4 -0.8
World 168,580 44,760 15,841 7,262 108,654 -676
100.0 26.6 9.4 4.3 64.5 -0.4
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Note: Data for Uzbekistan are missing. Values are expressed in US dollars for the numerator and as a percentage of total wealth
for the denominator. Compiled and calculated by the authors based on "The Changing Wealth of Nations 2018: Building a
Sustainable Future," International Bank for Reconstruction and Development / The World Bank, 2018, pp. 226-233.

World |
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Fig. 2 Per Capita National Wealth, Composition, and Structure in Armenia, Azerbaijan, and
Georgia by Income-Level Country Groups and the World, 2014

From the analysis of the table data, the following conclusions can be drawn:

= Per capita total national wealth: The highest values are observed in Estonia (258,903),
Latvia (236,906), and the Russian Federation (188,715), while the lowest values are in
Tajikistan (42,286), Moldova (35,380), and Kyrgyzstan (24,429). This means the difference
between the country with the highest per capita national wealth (Estonia) and the country
with the lowest (Kyrgyzstan) is 10.6 times, while the difference between the highest value
(Estonia) and Armenia’s value is approximately five times.

= Produced capital: The highest values are observed in Latvia (113,746), Estonia (91,646),
and Lithuania (63,254), while the lowest values are in Armenia (15,451), Moldova (14,213),
and Kyrgyzstan (6,159). The difference between the countries with the highest and lowest
values for this component is 18.5 times, while the difference between the country with the
highest value (Latvia) and Armenia is 7.4 times.

= Natural capital: The highest values are found in Kazakhstan (66,606), Turkmenistan
(59,062), and Russia (46,921), while the lowest values are in Tajikistan (7,431), Georgia
(7,344), and Moldova (4,898). The difference between the countries with the highest and
lowest values for this component is 13.6 times, while the difference between the highest
value and Armenia’s value is about five times.

= Human capital: The highest values are found in the three Baltic states: Estonia (155,041),
Latvia (113,472), and Lithuania (100,081), while the lowest values are in Azerbaijan
(11,961), Kyrgyzstan (6,729), and Tajikistan (5,015). The difference between the countries
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with the highest and lowest values (Estonia and Tajikistan) is 31 times, while the difference
between the highest value and Armenia’s value is 5.6 times.

= Net foreign assets per capita: This indicator is positive in fuel and energy resource-
exporting countries, such as Azerbaijan (7,384), the Russian Federation (2,175), and
Turkmenistan (519). For all other countries, net foreign assets have a negative value. The
three countries with the largest negative values are Lithuania (-7,047), Estonia (-7,876), and
Latvia (-9,049), while the smallest negative values are observed in Tajikistan (-557),
Kyrgyzstan (-1,029), and Ukraine (-1,414)*,

By the per capita total national wealth indicator, the Republic of Armenia ranks 10th
among the 14 former Soviet Union republics. For the produced capital indicator, Armenia ranks
12th; for natural capital, 10th; and for human capital, 8th. In terms of population size, Armenia
also holds the 10th position.

Considering that a significant portion (51.7%) of Armenia’s per capita national wealth
consists of human capital, and that Armenia demonstrates a comparative advantage in the
composition of its national wealth components, it can be concluded that human capital is the
primary factor driving the increase in national wealth. Therefore, the economic policies
implemented in the republic must be aimed at developing human capital and improving its
utilization efficiency. Tab. 2 provides data on the per capita national wealth, its components,
and structure for the former Soviet Union countries grouped by income levels, as well as for
countries worldwide, as of 2018. It was noted that national wealth consists of several key
components: produced capital, natural capital, human capital, and net foreign assets. Among
the selected countries, the Russian Federation has the highest per capita national wealth,
amounting to 173,394 USD, which is attributed to the large values of produced capital and non-
renewable natural capital.

In Armenia, the per capita national wealth is relatively low at 48,031 USD, with the
majority (59.9%) allocated to human capital. Latvia and the Russian Federation have the highest
values in national wealth for produced capital, with 121,108 USD and 77,549 USD per capita,
respectively. In Armenia, produced capital amounts to 17,263 USD, making up 35.9% of the
total national wealth.

Azerbaijan leads in non-renewable natural capital, with 16,121 USD per capita (or
44.4% of national wealth), due to the country's oil and gas reserves. In Armenia, renewable
natural capital amounts to 4,888 USD (10.2% of national wealth).

Estonia is a leader in human capital, with 157,308 USD per capita, which constitutes
59.6% of Estonia's national wealth. In Armenia, human capital makes up 28,775 USD (59.9%
of the total national wealth), making it the primary component of the country's wealth.

Among regional characteristics, it should be noted that the Baltic countries (Estonia,
Latvia, Lithuania) have high values of human capital, which is due to the high level of their
educational and social systems. Central Asian countries (Kazakhstan, Turkmenistan,
Tajikistan) have a high level of natural capital in their national wealth, which is attributed to
the presence of mineral resources in these countries. Among the South Caucasian countries,
Armenia and Georgia have a lower share of natural capital in their national wealth compared to

18 World Bank Group. (2018). The Changing Wealth of Nations 2018: Building a Sustainable Future. pp. 226-232. Retrieved
on April 1, 2021, from https://openknowledge.worldbank.org/bitstream/handle/10986/29001/9781464810466.pdf.
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other countries. The low level of natural capital indicates limited mineral resources, but this can
be mitigated through the development of produced and human capital.

Table 2

Per Capita National Wealth, Composition, and Structure for the Former Soviet Union Countries

Grouped by Income Level and the World in 2018

Including
8 = S I g
Countries and Income- National g' '§ é - '% <
Classified Country Groups Wealth et o <8 O 5
g g s = e
& z s I g
Armenia 48,031 17,263 4,888 287 28,775 -3,181
100.0 35.9 10.2 0.6 59.9 -6.6
Azerbaijan 36,315 11,475 3,157 16,121 8,367 -2,805
100.0 316 8.7 44.4 23.0 7.7
Belarus 77,516 30,775 8,987 517 40,798 -3,562
100.0 39.7 11.6 0.7 52.6 -4.6
Estonia 263,969 97,983 14,174 764 157,308 -6,261
100.0 37.1 5.4 0.3 59.6 2.4
Georgia 38,510 22,690 3,619 287 18,074 -6,159
100.0 58.9 9.4 0.7 46.9 -16.0
Kazakhstan 109,074 32,785 4,704 28,073 47,630 -4,117
100.0 30.1 4.3 25.7 437 -3.8
Kyrgyzstan 15,328 6,013 4,183 804 5,543 -1,216
100.0 39.2 27.3 5.2 36.2 -7.9
Latvia 233,600 121,108 13,986 0 107,129 -8,623
100.0 51.8 6.0 0.0 45.9 3.7
Lithuania 191,787 71,648 9,619 108 116,240 -5,827
100.0 374 5.0 0.1 60.6 -3.0
Moldova 31,608 22,601 3,833 8 6,719 -1,553
100.0 715 12.1 0.0 21.3 -4.9
Russian Federation 173,394 77,549 9,956 22,799 61,081 2,009
100.0 44.7 5.7 13.1 35.2 1.2
Tajikistan 24,668 18,889 1,773 241 4,433 -668
100.0 76.6 7.2 1.0 18.0 2.7
Turkmenistan 102,707 33,795 5,806 22,822 40,473 -189
100.0 32.9 5.7 222 39.4 -0.2
Ukraine 55,272 32,545 4,818 1,697 16,729 -517
100.0 58.9 8.7 3.1 30.3 0.9
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Average of Former USSR

Countries 100,127 42,651 13,332 6,752 47,093 -3,048
100.0 42.6 13.3 6.7 47.0 -3.0

Low-income Countries

11,462 3,176 2,666 271 5,726 -377

100.0 27.7 233 2.4 50.0 -3.3

Lower-middle-income

Countries 27,108 7,368 2,751 902 16,847 -761
100.0 27.2 10.1 3.3 62.1 -2.8

Upper-middle-income

Countries 141,682 36,606 6,040 5,145 93,794 97
100.0 25.8 43 3.6 66.2 0.1

High-income Non-OECD

Countries 400,891 93,160 3,288 120,029 134,604 49,811
100.0 23.2 0.8 29.9 33.6 12.4

High-income OECD

Countries 621,278 217,190 9,522 3,537 396,222 -5,192
100.0 35.0 15 0.6 63.8 -0.8

World 160,167 49,950 4,948 4,026 101,797 -554
100.0 31.2 31 25 63.6 -0.3

Note: Data for Uzbekistan is missing.

In the denominator, the unit is USD, and the declaration is based on the percentage of national wealth.

Compiled and calculated by the authors based on The Changing Wealth of Nations 2021: Managing Assets for the Future,
International Bank for Reconstruction and Development / The World Bank, 2021, pages 445-462.

Composition of National Wealth in Selected Countries (2018)
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Fig. 3 Per Capita National Wealth, Composition, and Structure in Armenia, Azerbaijan,
Georgia, the RF, the Average of Former Soviet Union Countries, and the World in 2018

Tab. 3 provides data on per capita national wealth in various countries and economic
unions (groups) from 1995 to 2020.

73




Bulletin Of High Technology N 2 (34) 2025.-pp. 63-88. ECONOMICS

M.A. Markosyan
CAPITALIZATION OF NATIONAL WEALTH: KEY CHALLENGES AND DEVELOPMENT OPPORTUNITIES

The Baltic countries (Estonia, Latvia, and Lithuania) have the highest national wealth,
attributed to EU integration and economic reforms. In 2020, Estonia was the leader with per
capita national wealth of 260,000 USD. Resource-rich countries (Russia, Kazakhstan,
Azerbaijan) accumulated significant growth up to 2015 due to their large shares of natural
capital. However, the decline observed in 2020 highlights the risks associated with resource
dependency. The moderate growth in Armenia, Georgia, and Moldova is primarily driven by
human capital and infrastructure development. Among upper-middle-income countries, a
notable disparity exists, with per capita national wealth reaching 180,000 USD in 2020, where
human capital predominates.

Table 3

Per Capita National Wealth in Various Countries and EU (Groups) from 1995 to 2020*°
Country 1995 2000 2005 2010 2015 2020
Armenia 7,800 9,500 16,000 25,000 38,000 48,000
Azerbaijan 6,000 8,500 12,000 18,000 28,000 37,000
Belarus 14,000 18,000 25,000 40,000 60,000 75,000
Estonia 25,000 40,000 85,000 | 150,000 | 210,000 | 260,000
Georgia 7,000 8,500 15,000 25,000 38,000 40,000
Kazakhstan 22,000 30,000 55,000 85,000 | 110,000 | 115,000
Kyrgyzstan 3,500 5,000 8,000 12,000 18,000 24,000
Latvia 30,000 45,000 85,000 140,000 | 200,000 | 240,000
Lithuania 27,000 42,000 80,000 | 130,000 | 190,000 | 210,000
Moldova 6,500 8,000 13,000 20,000 28,000 32,000
Russian Federation 45,000 60,000 100,000 | 150,000 | 200,000 | 170,000
Tajikistan 4,000 5,500 9,000 15,000 22,000 25,000
Turkmenistan 15,000 20,000 35,000 65,000 85,000 | 100,000
Ukraine 12,000 17,000 30,000 50,000 75,000 90,000
Average of Former USSR Countries 19,000 27,000 45,000 75,000 105,000 | 120,000
Low-income Countries 4,000 5,000 7,000 10,000 14,000 18,000
Lower-middle-income Countries 6,500 10,000 18,000 28,000 45,000 55,000
Upper-middle-income Countries 15,000 25,000 50,000 90,000 140,000 | 180,000
High-income Non-OECD Countries 80,000 | 120,000 | 200,000 | 300,000 | 400,000 | 450,000
High-income OECD Countries 120,000 | 200,000 | 350,000 | 500,000 | 600,000 | 650,000
World 12,000 18,000 35,000 60,000 85,000 | 105,000

Note: The wealth of countries is assessed considering human, produced, and natural capital, as well as net foreign assets.
National wealth includes not only the produced capital of the economy (e.g., buildings, infrastructure) but also human
resources (education, skills) and natural resources (renewable and non-renewable). Net foreign assets can be either positive or
negative, depending on the country's international debt situation.

One of the critical issues in the methodology of calculating national wealth is
uncovering the relationship between the magnitude of national wealth and a country’s GDP. It
is evident that an increase in national wealth is achieved through GDP growth, more specifically
through the portion of GDP used for accumulation, which eventually transforms into one of the
aforementioned components of capital or is distributed among them in specific proportions.

Let us examine the relationship between per capita national wealth and GDP in OECD
(Organization for Economic Co-operation and Development) countries and the Republic of
Armenia. This relationship essentially characterizes the period it takes for GDP to “capitalize"

19 Compiled and calculated by the authors based on the data from The Changing Wealth of Nations 2021: Managing Assets
for the Future, International Bank for Reconstruction and Development / The World Bank, 2021. The electronic resource is
available at: https://openknowledge.worldbank.org/handle/10986/36400, accessed on December 13, 2024.
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and transform into national wealth. It is also clear that the shorter this period, the more
efficiently a country’s economy operates, enhancing its reproductive capabilities and socio-
economic development potential. From an economic standpoint, this indicator best reflects the
quality of a country’s governance, serving as a stable guarantee for the socio-economic
development of the economy and the continued improvement of living standards for its
population.
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Fig. 4 Per Capita National Wealth in Various Countries and Economic Unions (Groups)
Worldwide, 1995-2020, and Growth Rates for 2015 and 2020

The analysis of the data shows that the ratio of per capita national wealth to GDP is the
smallest in Turkey, at 4.4 years. In Estonia, this indicator is 13.2 years, while in Armenia, it is
13.7 years. Regarding higher national wealth-to-GDP ratios in other OECD countries, for
instance, the ratio in the United States is 18.0 years, in Canada 20.2 years, and in Switzerland
16.8 years. This can be explained by the high per capita GDP in these countries, where
increasing GDP requires more resources and effort compared to countries with lower per capita
GDP.

It can be concluded that the national wealth indicator has become one of the most
important characteristics for assessing the efficiency of national economies. Economic policy
should focus on increasing national wealth and its components. Given the importance of each
component, particularly over the long term, comparative advantages should guide decision-
making. Examining this phenomenon from this perspective reveals that Armenia’s economy
requires significant structural changes, particularly through the diversification and development
of economic sectors that generate the highest added value by expanding and utilizing the
potential of human capital.

To achieve the above-mentioned goals, the following measures should be prioritized:
= Developing a methodology for calculating Armenia’s national wealth by the Statistical

Committee of the Republic of Armenia (involving the country’s leading economists in the
process) and regularly publishing data on the size and structure of national wealth, for
example, twice a year.
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= Including the size of national wealth created annually as a key indicator for evaluating
the performance of the government and its ministries and agencies.

= Enhancing the efficiency of human capital, recognizing the main advantages inherent in
Armenia’s population, such as a high level of education, significant intellectual property
potential, and so on.

= Increasing the share of high-tech goods and services as well as technologies (especially
advanced technologies) in the structure of exports. This would improve the effectiveness of
human capital and net export indicators, considering Armenia's strong prerequisites for
achieving this®.

In the system of a country’s national wealth and its distribution relationships, measuring
the magnitude of personal (individual) wealth accumulated by citizens holds a significant place.
This is a highly complex and labor-intensive task. In the context of Armenia, this issue is further
complicated by the lack of comprehensive and reliable data. Specifically, there have been no
studies conducted in Armenia on either the complete national wealth or the distribution and
valuation of its individual components and elements. Moreover, solving this problem involves
registering and evaluating movable and immovable property owned by hundreds of thousands
of households and citizens.

To address this gap, it is necessary to conduct a study that at least outlines the
benchmarks for analyzing other, more partial data. For households, studying the Gini
coefficient could reveal the share of wages, real assets, or financial means in total personal
income, thereby providing insights into the structure of personal wealth. This phenomenon
exists in many other countries as well. However, it is noteworthy that based on the results of
research involving, for instance, more than 1,000 households, one could establish the degree of
concentration of national wealth and its components in the hands of the top 10% (decile) of
households, as well as the top 5% and the wealthiest 1%. Such a statistical picture can be derived
through a Pareto distribution analysis, which is considered the best approach for studying
wealth distribution in research samples and has been applied in similar studies in numerous
countries.

Regarding comparisons between countries, certain challenges arise, largely due to
differences in sampling methodologies, methodologies, and tools used in such studies.
Nevertheless, it should be noted that the results of a study on the structure and distribution of
national wealth in Armenia could closely resemble those from similar studies in other countries.
Since the composition of national wealth is multifaceted, encompassing financial and natural
resources (particularly subsoil, land, and water resources), a segregated approach to
determining their value is often applied.

Information on the financial reserves of a country’s citizens in Armenia can be obtained
from two official sources: banks and the regular studies conducted by the Deposit Guarantee
Fund. Data from these two bodies, while maintaining the confidentiality of individual
depositors, can be grouped according to the objectives and priorities of the study and
recalculated based on the decile or other groupings of monetary distribution. Alongside these
estimates, it is also possible to construct a relatively reliable picture of financial assets.

20 Markosyan, A., & Matevosyan, E. (2018). National Wealth as a Key Indicator for Assessing the Degree of Economic
Capitalization. In What to Do: Current Issues and Strategic Directions for the Development of Armenia’s Economy,
Proceedings of the Scientific-Practical Conference (Yerevan: Antares), pp. 95-106.
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To verify data on the financial assets of public officials (including identifying their
sources), these data can be compared with the declared (registered) amounts of their financial
assets. The greatest discrepancies between declared and actual asset sizes typically exist for
valuable assets such as real estate (land plots of various purposes, residential and non-residential
houses, apartments).

In recent years, the sharply rising prices for real estate, particularly land plots, have
"compelled” the government to develop an updated concept for real estate management and
draft an action plan. This effort resulted in the adoption of the Law?! of the Republic of Armenia
“On Establishing a Procedure for Cadastral Valuation of Real Estate Approximated to Market
Value for Taxation Purposes”, approved by the National Assembly of Armenia on November
19, 2019 (Law No. HO-225-N). We also believe that, given the critical national importance of
land resources, it is necessary to establish committees at both the republican and regional levels
to clarify property rights over land plots (particularly those of state significance, which cover
over 700,000 hectares in Armenia) and to improve their management. These committees'
operations should be regulated by government decisions. This will enhance the role and
significance of regional administrations (marzpetarans) as territorial bodies of state governance
in managing state property and improving its efficiency.

The development of a process and program for such measures is further emphasized by
the fact that in previous years, state-owned land plots were handed over to communities for
"management.” Instead of performing this function, these plots were often used by certain
political forces or figures to secure votes during national elections. Thus, state property (mainly
land plots) became a subject of trade or a tool for corruption, thereby discrediting both territorial
and state governance institutions.

To better understand the composition and structure of these land plots, it is sufficient to
note that as of July 1, 2018, of Armenia's total land area (2,974.3 thousand hectares), 335.6
thousand hectares were protected zone lands, 30.5 thousand hectares were lands of special
significance, 334.0 thousand hectares were forest lands (of which 289.2 thousand hectares were
forest-covered), 25.8 thousand hectares were water lands, and 0.6 thousand hectares were
reserve lands, making a total of 726.5 thousand hectares classified as state property. As of July
1, 2022, these figures were as follows: 2,974.3 thousand hectares (total land area), 335.5
thousand hectares (protected zone lands), 30.4 thousand hectares (lands of special significance),
333.9 thousand hectares (forest lands, of which 289.1 thousand hectares were forest-covered),
25.8 thousand hectares (water lands), and 0.6 thousand hectares (reserve lands)?.

To determine the total magnitude of the Republic's national wealth, it is necessary to
evaluate not only the assets managed by citizens (individuals) but also those controlled by legal
entities, communities, and state-owned organizations. Special attention should be given to the
accounting and valuation of subsoil and water resources. It is evident that carrying out these
tasks requires the development of new methodological approaches, time, and significant
financial resources. However, these efforts are essential for obtaining a complete picture of the
Republic's national wealth, expressed in monetary terms.

21 See the Law of the Republic of Armenia “On Establishing a Procedure for Cadastral Valuation of Real Estate Approximated
to Market Value for Taxation Purposes”, adopted by the National Assembly of the Republic of Armenia on November 19,
2019 (Law No. HO-225-N). Official legal information system of Armenia: www.arlis.am.

22 Statistical Yearbook of Armenia 2023, Yerevan, Statistical Committee of the Republic of Armenia, p. 362.
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The relationships between national wealth and the formation and distribution of
population incomes, as well as addressing the challenges arising in this domain, are at the center
of socio-economic policies implemented by governments worldwide (both in developed and
developing countries). This is because the rates of economic growth, its quality, and efficiency
are significantly influenced by the proportionality of income and wealth distribution among
different population groups, which forms the foundation for social harmony and partnership
within society. Moreover, achieving this objective requires targeted economic policy tools that
ensure the alignment of interests and sustainable development of various population groups
within society.

One of the primary reasons for the "Velvet Revolution" that occurred in the Republic of
Armenia in April-May 2018 was the distribution of income and national wealth, which had led
to societal polarization creating a wealthy minority and a large proportion of impoverished
individuals. Aristotle had already noted that if your state has a small number of wealthy
individuals and a large number of poor people, you essentially have two states: one for the rich
and another for the poor.

Furthermore, the low per capita GDP, the inequitable distribution of GDP between labor
and capital, the high poverty rate (26.4% in 2019, 27.0% in 2020, 26.5% in 2021, and 24.8%%
in 2022 based on the 2019 methodology), along with numerous other factors, have shaped an
economy in the Third Republic characterized by low efficiency in wealth creation and
accumulation.

The analysis above highlights the need in Armenia to improve the relationships between
the formation and distribution of population incomes and national wealth. In this context,
economic research and analyses in this domain gain both scientific and practical importance.

The growth of the population's welfare and the development of the national economy in
any country are influenced by a range of factors and prerequisites, which, especially in the long
term, determine the main directions of socio-economic development. To ensure the
comprehensive development of society and the strengthening of the state, it is necessary not
only to achieve an adequate level of consumption but also to secure a sufficient rate of
accumulation. This serves as the foundation for future development and expanded reproduction.
If this natural process of reproduction is not ensured, society is deprived of the guarantees for
further development, which could lead to the weakening of national security and the
degradation of the state. In other words, from a long-term development perspective, it is
essential to have sufficient financial, material, technical, labor resources, and natural reserves
to ensure future economic progress.

Over the years, an unjust society has been formed in the Republic of Armenia, mainly
due to inefficient distribution mechanisms. This has resulted in severe income polarization
among the population, low wage levels, the concentration of wealth in the hands of a small
group (clans), leading to large-scale emigration and high levels of poverty. While there are
statistical data available on the formation and distribution of GDP and the distribution of income
among various population groups in Armenia, the Statistical Committee of the Republic of

23 Statistical Yearbook of Armenia 2023, Yerevan, Statistical Committee of the Republic of Armenia, p. 156. Statistical series
of the Statistical Committee of Armenia: https://armstat.am/am/.nid=12&id=15008.
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Armenia does not calculate or publish data on the formation and distribution of national wealth.
This omission complicates research on this critical economic category.
Thus, the fair distribution of incomes and wealth, the resolution of contradictions
between labor and capital, the formation of national wealth, and its multiplication gain not only
socio-economic but also political significance. Therefore, the issue of forming and distributing
national wealth should remain at the center of attention for economists and researchers. It
should pursue the following goals:
= ldentify trends in the formation and distribution of national wealth and population
incomes in the modern world. This involves examining trends in the growth of population
incomes and wealth, particularly in the context of changes in consumption and
accumulation proportions.

= Study consumption patterns of households, analyze the causes and consequences of
absolute and relative poverty among populations in various countries, and explore effective
systems and mechanisms developed and implemented by governments worldwide for
forming and distributing population incomes and wealth.

By addressing these objectives, it will be possible to gain a deeper understanding of the
processes shaping the formation and distribution of national wealth and to develop policies that
promote equitable and sustainable socio-economic development.

The next issue is the study of the peculiarities of income formation and distribution
among the population in the Republic of Armenia. The relationships of income formation and
distribution in Armenia have been analyzed, with particular attention given to the changes in
the consumption structure of households and an assessment of the nature of these changes.
Significant focus has also been placed on the sources of income formation for the population
and their transformations over recent years. A crucial part of the research has involved
examining the savings of the population, their growth, and the distribution of these savings
among various social groups, as well as assessing the actual distribution patterns.

In recent years, there has been an absolute increase in population incomes in Armenia,
along with an average annual growth in real per capita consumption and a reduction in poverty
rates.

However, it is evident that the distribution of incomes in such a manner cannot foster
an atmosphere of social harmony among different social groups, and may even achieve the
opposite effect. This suggests that the formation of incomes among various population groups
in the Republic has not been equitable and is a consequence of an unjust distribution of GDP.
This situation is largely due to a significant decrease in the share of wages in the formation of
income and an increase in the incomes of capital owners.

For instance, in 2021, compared to 1990, the share of wages in GDP fell from 57.4% to
34.2%, while the share of capital owners rose from 31.7% to 53.6%. The share of the state
(taxes on production and imports as a share of GDP) decreased from 17.8% to 12.4% (see Tab.
4).

The question arises: is it possible to distribute GDP more equitably to achieve a certain
harmony between the incomes of labor, capital owners, and the state. The implementation of
such a social policy is illustrated in Tab. 5, the data of which show that within just 10 years
(1980-1989), it was possible to achieve a balanced and targeted income distribution policy.
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It is evident that the share of the low-income population decreased from 2,101 thousand
individuals in 1980 to 1,117 thousand in 1989, resulting in their proportion of total income
falling from 67.8% in 1980 to 33.5% in 1989. During the same period, the share of the middle-
income group rose from 27.7% (861 thousand individuals) in 1980 to 46.1% (1,537 thousand
individuals) in 1989. Thus, the middle class constituted the majority of the population.

Table 4
Structure of Income Formation in the RA, 1990-2022 (as a percentage of total)?*
i 5 - %né Including: - E
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1990 57.4 17.8 6.9 31.7 14.9 16.8 100.0
1991 525 8.1 1.9 413 15.0 26.3 100.0
1992 38.4 9.0 0.6 53.3 16.6 36.6 100.0
1993 41.8 6.0 0.9 53.1 15.1 38.0 100.0
1994 41.5 5.8 1.1 53.9 14.8 39.1 100.0
1995 39.3 5.4 0.4 55.7 143 41.4 100.0
1996 39.9 6.7 0.3 53.6 15.0 38.6 100.0
1997 41.8 9.2 0.4 493 14.4 34.9 100.0
1998 413 10.2 0.1 48.7 13.6 35.0 100.0
1999 42.9 11.8 1.4 46.8 14.1 32.7 100.0
2000 42.7 11.4 0.7 46.6 14.6 32.1 100.0
2001 41.8 11.8 0.6 46.9 143 326 100.0
2002 39.5 12.0 0.6 49.1 14.9 34.2 100.0
2003 40.3 11.4 0.6 49.0 14.0 35.0 100.0
2004 39.5 10.5 0.6 50.6 13.2 37.4 100.0
2005 39.4 10.7 0.4 50.3 12.7 37.6 100.0
2006 39.0 10.4 0.3 50.9 11.7 39.2 100.0
2007 38.2 11.7 0.3 50.4 11.5 38.8 100.0
2008 37.2 13.0 0.2 50.0 10.5 39.5 100.0
2009 38.4 12.3 0.1 49.4 10.9 38.5 100.0
2010 37.1 12.8 0.1 50.1 11.3 38.9 100.0
2011 36.6 12.4 0.1 51.0 10.7 403 100.0
2012 345 12.5 0.1 53.1 12.6 40.4 100.0
2013 34.0 12.6 0.1 53.6 12.7 40.9 100.0
2014 33.7 12.8 0.1 53.5 12.7 40.8 100.0
2015 34.4 12.0 0.2 53.7 13.8 39.9 100.0
2016 34.8 11.4 0.2 54.0 13.9 40.1 100.0
2017 34.5 11.6 0.1 53.9 13.5 40.5 100.0
2018 33.8 12.0 0.1 543 13.0 41.2 100.0
2019 333 13.0 0.3 53.4 123 41.1 100.0
2020 35.2 123 0.2 52.5 12.9 39.6 100.0
2021 34.2 12.4 0.2 53.6 12.6 41.0 100.0
2022 35.4 11.5 0.3 52.8 13.8 39.0 100.0

24 Compiled and calculated by the authors based on data from the Statistical Committee of the Republic of Armenia,
https://www.armstat.am/am/.nid=202.
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Total (1990-2022
Average Annual)

38.92

11.05

0.62

50.61

13.39

37.21

100.0

Although the number of high-income individuals and their share in total income also

increased, their proportion accounted for only 20.4% of total income.

It is necessary to address the methodological approaches used in Armenia to calculate
(record) the incomes of various income groups, as well as the shortcomings of these approaches.
For instance, during certain periods, studies on annual incomes excluded households receiving
state assistance and those with incomes above a certain threshold.
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Fig. 5 Structure of Income Formation in the RA, 1990-2022 (as a Percentage of Total)

Table 5

Distribution of the Population of Soviet Armenia by Per Capita Income and Groups with Low,
Medium, and High Incomes, 1980-1989 (Based on Integrated Household Budget Data)?®

Average Annual Population
Thousand People Percentage
1980 1985 1988 1989 | 1980 1985 1988 1989
Entire Population,
Including Per Capita | 3115 | 3349 | 3470 |3335| 100 100 100 | 100
Total Income per
Month, Rubles
Up to 50 450 217 120 80 14.8 6.5 3.4 2.4
50-75 891 699 513 397 28.6 20.9 14.7 11.9
75-100 760 825 746 640 24.4 24.7 21.5 19.2
Low-Income Groups
(Up to 50-100) 2101 1741 1379 117 67.8 52.1 39.6 33.5
100-125 470 627 695 650 15.1 18.7 20 19.5
125-150 256 416 510 517 8.2 12.4 14.7 15.5
150-175 135 244 344 370 4.4 7.3 9.9 11.1

25 Compiled and calculated based on the data from The Economy of the Armenian SSR in 1989: Statistical Yearbook,
Yerevan, Hayastan, 1991, p. 39. Available on the official website of the Statistical Committee of the Republic of Armenia:
https://www.armstat.am/file/doc/99507078.pdf.
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Middle-Income

861 1287 1549 1537 27.7 38.4 44.6 46.1

Groups (100-175)
175-200 68 139 221 354 2.2 4.1 6.3 7.6
200-250 56 124 211 261 1.8 3.7 6.1 7.8

Above 250 16 58 119 166 0.5 1.7 3.4 5
High-Income Groups

140 321 551 781 4.5 9.5 15.8 20.4

(175—-Above 250)

Population Distribution by Income Groups (1980-19389)

80
w 60 -..‘"!-.
) \r_ e oW Income (up to 100 rubles)
g 40
A 20 rubles)
0 — =—=High Income (> 175 rubles)
1980 1985 1988 1989

Year

Fig. 6 The Distribution of the Population of Soviet Armenia by Per Capita, as well as Low, Middle, and
High-Income Groups of Total Income for the Years 1980-1989
(Based on Data from the Integration of Family Budgets)

Although surveys conducted since the mid-2000s deliberately avoided excluding any
groups, two key shortcomings in sample formation persist:
= Urban surveys do not include data on the incomes of self-employed individuals
(households) and employer households, instead relying on expenditure data to estimate
their incomes.
= Rural surveys exclude non-agricultural rural households.

According to our estimates, these two groups together account for about 40% of
households in Armenia, which were essentially excluded from the income and expenditure
surveys. Consequently, official statistics indicating improvements in the Gini coefficient should
be viewed and assessed with a degree of approximation.

Although the Statistical Committee of Armenia (formerly the National Statistical
Service of Armenia) has made adjustments to sampling methodologies in population income
and expenditure surveys, the reliability of income formation and distribution data remains
questionable. In particular, it is necessary to create an additional sample for low-income groups
to obtain more representative data.

Let us also consider the relationships in the formation and distribution of national wealth
in the Republic of Armenia (RA). As noted, the Statistical Committee of Armenia does not
calculate or publish data on the national wealth of the country. This can be regarded as one of
the significant shortcomings in the work of Armenia’'s statistical services, which needs to be
addressed within the next 1-2 years. Moreover, this does not merely involve calculating and
publishing a few figures. It is evident that while the World Bank provides serious
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methodological guidelines and research on calculating and assessing national wealth, these
require localization, taking into account the specific characteristics of Armenia’s economy.

It is also essential to understand that the indicator of a country's national wealth is not
just a number but a summary measure that characterizes the state of the economy. It can serve
as a guide for developing the "roadmap™ for the country's future economic development.
National wealth, like a mirror, reflects the key factors of socio-economic development, which
define the pillars of economic growth and should become the tools and mechanisms for
developing and implementing economic policy.

Of particular importance is the development and expansion of economic activities in the
republic that generate the highest added value. This is critical for ensuring the growth of
national wealth. Additionally, this approach can improve the structure of the economy, leading
to the creation of an efficient economic system with all the progressive priorities and measures
required for development in critical areas.

Conclusion

The role of national wealth also becomes crucial in establishing a socially just state and
ensuring social solidarity among different layers of the population. This is achieved by
developing and implementing principles for the distribution of national wealth that optimally
balance the interests of the state, the business community, and social groups.

The country's tax system is of critical importance in achieving this goal. Armenia's tax
system is generally effective and capable of ensuring revenue collection while maintaining, at
least in principle, a degree of progressivity. Naturally, the primary task of the tax system is
revenue collection rather than redistribution. However, with the reforms initiated and partially
implemented under the new tax code, the goals of horizontal and vertical equity in revenue
collection and distribution were chosen. Most of these, however, remain debatable.

It is necessary to briefly discuss and evaluate the various types of taxes in Armenia,
including value-added tax, income tax, profit tax, property tax, land tax, and other forms of
taxation. A review of these tax types will make it possible to establish an efficient system for
redistributing income and national wealth between labor and capital. The need for such
redistribution will create an effective environment, particularly for stimulating labor and
enhancing its efficiency.

This necessity is driven by the fact that more than half of Armenia's national wealth is
concentrated in human capital. Such an approach is justified by the reality that the level of labor
remuneration in Armenia, both in absolute and relative terms (the share of the wage fund of
employees in GDP), is comparatively quite low. This situation fails to create adequate material
incentives for wage earners, leading to low labor productivity and, consequently, slow growth
in national wealth.

The former Soviet Union countries have undergone a complex process of economic
transformation, resulting in significant economic disparities.
= Russia's economy is heavily dependent on natural resources, which provide it with high

national wealth but limit human capital development.
= The Baltic states (Latvia, Lithuania, Estonia) outperform other countries in the region due
to their integration into the EU, promotion of innovation, and infrastructure development.
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= Central Asian countries, particularly Kazakhstan and Turkmenistan, possess large natural
resource reserves, but the lack of economic diversification remains a challenge.

= Belarus and Ukraine rely heavily on produced capital, but external debt and political
instability hinder economic growth.
The South Caucasus countries (Armenia, Georgia, Azerbaijan) exhibit different
economic models and challenges.
= Georgia is making significant investments in infrastructure and transport connections,
allowing it to become a regional transit hub.

= Azerbaijan continues to rely on the oil and gas industry, creating economic dependence on
raw material exports and limiting the development of other sectors.

= Armenia has limited natural resources, which forces its economy to focus on human capital
development and technological innovation.
Armenia must focus on education, innovation, and technological development to utilize
its human capital more effectively.
= The limited availability of natural resources means that the country’'s economic growth
should be ensured through high value-added sectors.

= Increasing produced capital and investments is crucial for economic stability and the growth
of national wealth.

= Armenia’s per capita national wealth declined from $52,894 in 2014 to $48,031 in 2018,
indicating overall economic decline or inefficient capital utilization.

= The share of human capital increased from 51.7% in 2014 to 59.9% in 2018, highlighting
that the country’s economic growth mainly depends on a skilled workforce.

= The share of natural resources dropped significantly, from 24.0% in 2014 to 10.2% in 2018,
showing reduced dependence on natural resources or their reevaluation.

Today, the former Soviet Union countries have different economic models, but for
Armenia and the South Caucasus countries, education, technology, and effective governance
policies can become key factors in ensuring sustainable economic growth. Armenia’'s main
economic challenges include increasing productivity, utilizing capital more efficiently, and
reducing social polarization. For long-term economic growth, it is essential to promote
innovation, education, production, and tax reforms.
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KAITMTAJIN3ALIUA HAIIMOHAJIBHOI'O BOT'ATCTBA: KJIIOYEBBIE
MNPOBJIEMbBI U BOBMOXKHOCTHU PAZBUTUA

M. A. MapkocsiH

Hncmumym sxonomuxu umenu M. Komansna, HAH PA

ObecrieueHne TrOCYIapCTBEHHBIX MyOJMYHBIX (UHAHCOB, a TAKXKE IOBBIIICHUE HX
3¢ HEeKTHBHOCTH U O00BEMOB, POCT OJIATOCOCTOSIHWSI HACEICHUS W PAa3BUTHE HAIIMOHAIBHOMN
9KOHOMHKH 00YCJIOBJICHBI PI0M (DAKTOPOB U MPEANOCHUIOK, KOTOPBIC KaK B HACTOSIIECE BpEMs,
TaK W B JIOJTOCPOYHOW TEPCHEKTHBE MPEIONPEACISIIOT OCHOBHBIC CTPATErMYCCKHUE
HAIMpaBJICHUS COIMATbHO-I)KOHOMHUYECKOro mporpecca. st obecriedeHuss BCECTOPOHHETO
pa3BuTHs OOIIECTBA W YKPEIUIGHHS TOCyJapCTBa HEOOXOAMMO HE TOJIBKO JOCTHIKCHHE
JIOCTATOYHOTO YPOBHS MOTPEOJICHHS, HO U 00ECICUEHHE TOCTATOYHOW HOPMbI HAKOIUICHUS,
KOTOpAasi JISKUT B OCHOBE JATBHEHUIIIETO Pa3BUTHS M PACIIUPEHHOTO BOCIPOU3BoAcTBa. Ecim
He 00eCreYnBaeTCsi 3TOT E€CTECTBEHHBIM IMPOIIECC BOCIPOU3BOJCTBA, OOIIECTBO JIHIIACTCS
rapaHTUil JabHEHIIIEro pa3BUTHSI, YTO MOKET MPUBECTH K MOIPHIBY O€30MACHOCTH CTPAHBI U
NpoBaly SKOHOMHYECKON TMOJIMTHKK TrocyaapcTBa. WHBIMH CIOBaMH, C TOYKHA 3PCHHS
MEPCIIEKTUBHOTO Pa3BUTHSI HEOOXOIUMO HAJTMYUE OTPEICTIEHHBIX (DUHAHCOBBIX, MATEPUATHHO-
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TEXHUYECKHUX, TPYJIOBBIX PECYpCOB M MPHUPOJIHBIX 3aracoB, KOTOPbIE MOIYT OOECIEUYHUTbH
JTATBHEHIIINN  COIMATIbHO-9KOHOMUYECKH Tporpecc. Takum oOpazom, ¢GopMHpOBaHHE U
MIPUYMHOKEHUE HAIMOHAJILHOTO O0raTcTBa CTpaHbl MPUOOPETAET HE TOJIBKO SKOHOMUYECKOE,
HO U IOJIMTUYECKOE 3HAUEHUE U BaKHOCTb.

CocTosiHHE U TPOLIECC IKOHOMUUYECKOI0 POrpecca U paclIMPEHHOT0 BOCIIPOU3BO/ICTBA
XapaKTEpU3yIOTCS C MOMOILBIO Psifia MAKPOIKOHOMUYECKUX arperMpOBaHHBIX IOKAa3aTENEH.
Cpenn HUX Ba)XKHOE MECTO 3aHMMAaeT pacu€T BaJoBOro BHyTpeHHero mnpoaykra (BBII) c
pa3nMYHBIME Moau(pUKanusIMH (Hanpumep, 00béM, Temnsl pocta, BBII Ha nynry Hacenenus u
Ip.), HAIUOHAJbHOIO  JI0XOAa, BaJOBOTO  HALMOHAJIBHOIO  J0X0JAa U JIpYrux
MaKpOIKOHOMHUYECKUX MOKa3aTeel B X Pa3IMYHbIX PeoOpa3oOBaHUSIX.

OnHAaKO OCHOBHBIM HENOCTATKOM YKa3aHHBIX IIOKa3aTelIed SBISETCS TO, YTO OHH,
0o0pa3HO TOBOps, OTPaKalOT TEKYIIEe COCTOSHUE pa3BUTUSl CTpaHbl, HE packpbiBas €&
MOTEHIIMajda U BO3MOXKHOCTEH COLIMAIbHO-9KOHOMHUYECKOTO Pa3BUTHUS. DTOT CYLECTBEHHBIN
npo0es BOCHOIHSETCS TOKa3aTesieM HallMOHAJIBHOTO OOraTcTBa.

B Hacrosmee BpeMms Ui ompenereHHMs M pacuéTa HALMOHAIBHOTO OOrarcraa
UCTONB3YIOTCS  €IUHbIE  METOJNOJIOTHUECKHE  peKoMeHzanuu  BcemupHoro  OaHka.
HanmonansHoe 00ratcTBO SIBIIETCS HEOTheMIeMol YacTbio CHCTEMBbl HAIMOHAJIBHBIX CUETOB
(CHC). CHC cuyXuT OCHOBOM g pacuéTa SKOHOMMUYECKOIO pOCTa IPABUTEILCTBAMH,
YaCTHBIM CEKTOPOM, MEXKAYHapOAHBIMU OpPraHM3alUsIMH M JIPYITMMH 3aUHTEPECOBAHHBIMU
CTOPOHAMH.

HanmonanpeHeli 10X0/ U 6J1ar0COCTOSIHUE OCHOBBIBAIOTCSI HA aKTHUBAaX WJIM OOraTcTBe
CTpaHbl, KOTOPbIE PAaCCUUTHIBAIOTCS IO pa3IMYHbIM KpuTepusMm. HanumonanpHoe Oorarctso
BKJIIOYAET B ce0sl CIEeIyIOIMe YEeThIpe KOMIIOHEHTA: NMPOU3BEAEHHBIN KaluTajl, TPUPOIHBINA
KaruTan (pecypebl), 4eI0BEUECKUN KaluTal U YUCThIe BHEITHHE AKTUBBI.

W3 cka3aHHOrO ClEIyeT, YTO OCHOBHBIM HMCTOYHUKOM YBEJIMYEHUS HALMOHAIBHOTO
OoraTcTBa CTpaHbI SBJISIETCS POCT BaJOBOIO BHYTPEHHEro mnpoaykrta. OJHUM K3 METOJOB
pacuéra o0béma BBII — Kkak OCHOBHOTO MAaKpOIKOHOMUYECKOTO I10Ka3aTelisi OLIEHKH
SKOHOMHYECKOTO TMOTEHIMaNa (MOIIHOCTH) CTpaHbl — SBISIETCS METOX 3aTpar. B craThe
paccMaTpUBAIOTCS BOIPOCHI paclpeiesieHHs U IepepacipeaesieHls HallMOHAIbHOT 0 O0raTcTBa
U UX BJIMSHUE HAa (OPMHUPOBAHUE 10XO/I0B Pa3IMUHBIX IPYIII HACEIECHHUS.

Knrwuegvie cnosa: HanyoHaIbHOE OOraTCTBO, JTOXOJHBIE IPYIIbI, TOCYAAPCTBEHHBIE
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Abstract

This article presents an analysis of the impact of the high income tax rate on informal
employment in the construction sector of the Republic of Armenia between 2014 and 2024.
Based on official statistical data, the study examines the sector’s share in GDP, the dynamics
of construction volumes, employment trends, and average wage indicators. The conclusion
section provides recommendations for reducing informal employment in Armenia’s
construction sector, including suggestions for improving tax policy, simplifying hiring
procedures, and strengthening enforcement mechanisms.

Keywords:Informal employment, income tax, construction sector, shadow economy, tax
reform, undeclared work

Introduction

The objective of this study is to assess the impact of changes in the income tax rate and
the process of its collection on the scale of informal employment in Armenia’s construction
sector. To achieve this goal, the following research tasks were outlined:
Analyze the dynamics of key sectoral indicators (GDP contribution, construction volume,
employment, and wages) during the period 2014-2024;
Examine the reasons for the persistence of informal labor;
Review changes in tax policy since 2020;
Study issues related to the employment of foreign workers;
Analyze the effects of limiting cash payments;
Conduct an international comparison to identify general trends and differences;
Develop corresponding policy recommendations.

The methodological basis of this study consists of both domestic and international
academic research, theoretical approaches, and data from official publications

The construction sector is one of the most significant branches of Armenia’s economy,
ensuring substantial investments and providing employment for hundreds of thousands. In the
pre-crisis period of the 2000s, construction played a major role in Armenia’s economic growth:
its share of GDP was 9.8% in 2000 and nearly 24% by 2008. However, the global economic
crisis of 2008—2009 led to a sharp downturn in the sector: in 2009, the volume of construction
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declined by 37.4%, and its GDP share dropped to 18.4%. In the following years, the industry
failed to recover its previous scale, reaching only about 10.3% of GDP by 2013.

Starting in 2020, Armenia began implementing significant tax reforms. Within this
context, the flat income tax rate of 23% was gradually reduced to 20%.

At the same time, the construction sector’s share in GDP declined from 10% in 2013 to
7% in 2021—a drop of 3 percentage points. However, the period from 2018 to 2024 saw an
increase in officially recorded construction volumes and the number of formally employed
workers in the sector. Nonetheless, informal employment in construction remains at a high
level.

The experiences of other countries—such as Georgia, Poland, Germany, and
Kazakhstan—demonstrate that reducing the tax burden on the sector is important but not
sufficient to eliminate informal employment.

One of the key characteristics of Armenia’s construction industry is the high level of
informality. Many workers are employed without formal registration, labor contracts, or tax
and social security contributions. For instance, according to some estimates, 58% of those
employed in the sector in 2009 worked informally. By contrast, in developed countries, this
indicator is significantly lower—around 4% in Germany [1], for example.

High levels of informal employment negatively affect both state revenue collection and
the social protection of workers.

Tax Reforms and Sectoral Dynamics (2020-2024)

In recent years, the Armenian government has taken concrete steps to reduce the shadow
economy. In 2020, a comprehensive tax administration reform (2020-2024) was launched, one
of its goals being to reduce informality and increase economic efficiency [2].

A key element of this process was the introduction of a new income tax regime —
transitioning from a progressive system to a flat rate and gradually reducing the tax rate. It was
expected that a lower tax burden on payrolls would reduce the incentive for both employers and
workers to use informal arrangements, thereby contributing to a decline in undeclared
employment.

Given that construction is one of the most informal sectors in the economy, it became a
primary focus of these changes.

According to classical economic theory, the scale of informal employment is largely
influenced by the level of the tax burden and the effectiveness of public institutions. Higher
taxes and administrative complexity create incentives for both businesses and workers to avoid
official registration. At the same time, weak oversight and corruption encourage the
proliferation of shadow employment. If state institutions fail to enforce legal requirements,
companies may reduce costs by not registering workers — gaining a competitive advantage.

Historically, a heavy tax burden and flawed enforcement mechanisms have fostered
informality in Armenia. Prior to reforms (2018-2020), the income tax system was considered
burdensome and complex, encouraging tax evasion practices [3].

Informality in Armenia’s Labor Market

According to the International Labour Organization (ILO), by the early 2020s more
than 50% of Armenia’s total employment was informal — most of it in agriculture (primarily
traditional family farms). In non-agricultural sectors, informal employment made up around
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15-20%, with construction and trade showing the highest informality levels. In 2009, 58% of
construction workers were informally employed.

A 2013 estimate by the State Revenue Committee and independent experts placed non-
agricultural informal employment at 19.7%, down from 24.6% in 2009-attributed to improved
tax administration.However,a significant number of workers remained unregistered even in
recent years [4].In theory, reducing the income tax rate should reduce the attractiveness of
informal employment. Lower taxes mean that the gap between net informal income and taxed
wages narrows.

In such conditions, informal work becomes less appealing for employees and more risky
for employers. Yet empirical research shows mixed results, depending on tax enforcement
capacity and the country’s tax culture.

In post-Soviet states where under-the-table payments are deeply rooted, even modest
tax reductions may fail to change employer behavior unless enforcement is strong. Therefore,
reducing informal employment requires a comprehensive approach — combining rational tax
policy, enhanced oversight, simplified regulations, and greater public trust in institutions.

Research Results

To provide a broader context, the study includes a comparison between Armenia and
several countries selected for their varying tax regimes and levels of informal employment.
Georgia — A neighboring country with a comparable economy, which transitioned to a flat
income tax system earlier than Armenia.
Kazakhstan — A member of the Eurasian Economic Union (EAEU), with a low income tax
rate (10%) and significant labor migration.
Poland — A former socialist country and now EU member that has successfully reduced
informality while retaining a progressive tax system.
Germany — A developed economy with very low levels of informality and highly effective tax
administration.

The comparison includes the following indicators:
Share of informal employment;
Income tax rates;
Policy measures aimed at reducing informal work.

This benchmarking approach made it possible to align Armenia’s experience with
international best practices and to identify effective strategies.

Statistical Overview of Armenia’s Construction Sector (2014-2024)

The statistical analysis of Armenia’s construction sector includes:
Share of construction in GDP;
Changes in construction volumes;
Employment levels in the sector;

Growth in average wages before and after reforms.
Post-2020 Developments: Recovery, Wages, and Formalization

Between 2014 and 2019, the construction sector contributed 7—10% of Armenia’s GDP.
Following the 2009 financial crisis, the sector’s share steadily declined — from 18% in 2009
to 10.3% in 2013, and approximately 8.4% in 2014, when output totaled about AMD 433 billion
($1.05 billion). The following years showed relative stability without significant growth.
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Table 1

Key Indicators of Armenia’s Construction Sector (2014-2024)

Indicator 2014 2016 2018 2020 2021 2022 2023 2024
Construction Volume (current prices, AMD) 433.2 bln 709.5 bln
Share of GDP 8.4% 7.0% (est.)
Official Employment 17,000 workers
Total Employment (incl. informal) ~80,000 (est.)
Avg. Monthly Wage (AMD) ~150,000 (est.) 376,000
Avg. Monthly Wage (USD) ~$360 ~$960

Note: 2014 is treated as the baseline year prior to reforms, while 2024 represents the final year of the
analyzed period. The 2014 wage level is estimated based on economy-wide averages.

A modest recovery was observed in 2017-2018; however, by 2019, construction had
still not regained its pre-crisis levels (e.g., 2008: AMD 842 billion). Thus, prior to the reforms,
the sector’s role in the economy remained modest.

Despite economic challenges in 2020 — including COVID-19 and war — construction
showed resilience due to ongoing projects and government support. While GDP fell by 7.2%,
construction activity remained relatively stable. In 2021, the economy rebounded with 5.7%
GDP growth and +12.5% growth in construction. This trend continued into 2022-2024:
construction output reached AMD 709.5 billion (~$1.8 billion) in 2024 — a 14.5% year-over-
year increase.

In 2024, the sector’s share of GDP was ~7%, within a total GDP of ~AMD 10.13 trillion.
Construction accounted for approximately 13.5% of total economic growth that year,
underscoring its importance in post-crisis recovery.

Recent years saw a rise in private investment: in 2024, 48.3% of construction projects
were financed by the private sector.The state budget contributed ~26%, while households
accounted for ~20%.International loans increased by 54%, funding infrastructure such as roads
and energy projects [5].

This diversification of funding sources created conditions for growth in both officially
recorded construction activity and formal employment.

According to labor force studies, total employment in construction (including self-
employed and informal workers) ranged between 70,000 and 80,000 in the mid-2010s. For
instance, estimates placed total employment at 82,900 during that period, of which ~58% were
informal — only 30,000 to 35,000 workers were formally registered [6].

Shifts Toward Formal Employment

After 2020, the situation began to improve. Data from the Ministry of Economy show
that between May 2020 and May 2024, the number of registered workers in construction nearly
doubled — from 9,000 to 17,000. This indicates a clear trend toward formalization.

A similar trend was observed in the food services sector, where formal employment rose
from 16,500 to 31,500. Nevertheless, informality remains high: as of 2022, informal
employment outside agriculture was ~15%, and in construction — 30-40%, meaning around
one in three workers was still unregistered (often working in small crews, on a temporary basis,
or as foreign laborers).
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Wages, Informality, and the Microbusiness Regime

Wage levels in construction are a critical indicator reflecting structural changes in the
labor market. Traditionally, construction wages in Armenia were lower than the national
average due to the sector’s seasonal nature and labor surplus.

In 2014, the average monthly wage in construction was estimated at around AMD
150,000 (~$360), compared to a national average of AMD 160,000. Many employers paid a
portion of wages “under the table,” which skewed official statistics.

However, following tax reforms and economic growth after 2020, the situation significantly
improved. According to official data, the average wage in construction has increased steadily
over the past five years:

2020: AMD 226,000
2024: AMD 376,000 (~$960) [7]

By 2024, construction wages had reached the level of banking sector salaries seen in the
mid-2010s. This served as a strong incentive for transitioning from informal to formal
employment.

Revenue Growth and Reform Outcomes

In recent years, income tax and social contribution revenues to the state budget have
increased. According to the State Revenue Committee (SRC), construction is expected to be
one of the main contributors to tax revenue growth in 2025.

Despite these improvements, a high level of informality persists in Armenia’s
construction sector — driven by a combination of economic, legal, and social factors. These
include:

Historical Tax Burden:

Prior to reforms, income tax could reach up to 36% for high earners, with additional
mandatory pension and social contributions. This created a cost increase of ~30% for formal
wage registration, prompting many companies to avoid it and opt for informal payments —
especially small, unregistered crews that could offer lower prices.

Seasonality and Project-Based Work:

Construction projects are often short-term. Many firms hire labor temporarily, making formal
registration cumbersome or inefficient. Typically, only core staff are registered, while others
are hired informally.

Weak Oversight:

Until recently, labor inspections at private construction sites were rare. Small companies
and individual clients often avoided scrutiny. This gave rise to a culture of working “without
papers,” where even workers preferred full cash payments over formal contracts.

Semi-Legal Work Crews:

Major construction firms often subcontract tasks to small teams without verifying their legal
status. Before the introduction of the microbusiness regime, registration was costly and
complex for such teams.

Worker Behavior and Perception:

Due to historically low construction wages, many workers did not prioritize formal
employment or social benefits. For many, especially newcomers or migrant laborers, formal
contracts were viewed as unnecessary.
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. No Licensing Requirements:

Unlike some countries that require licenses or certifications for construction workers,
Armenia does not. Anyone can claim to be a builder and find employment without formal
qualifications.

Foreign Labor Migration:

Many skilled workers prefer working abroad, particularly in Russia. Those who remain are
often low-skilled or young. Employers are less inclined to formally register them.
Additionally, foreign laborers often work informally (discussed further below).

Low Trust in the State:

Many employers and workers believe the state does not offer sufficient returns in exchange
for taxes. Pensions, for example, are viewed as inadequate. As a result, many prefer
immediate full payments over long-term benefits. This reflects a broader crisis of the social
contract in transitional economies.

Tax Reform in Armenia (2020-2024): From Progressivity to Flat Rate

In 2020, Armenia launched a comprehensive tax reform primarily targeting personal
income taxation. Prior to the reform, a progressive tax scale was in place:

23% for low incomes, 28% for medium-high incomes, 36% for high incomes.

In practice, however, this system incentivized shadow practices — especially among
highly paid professionals and their employers. Starting in 2020, Armenia transitioned to a flat
income tax rate of 23%, with a predefined schedule for gradual reductions:

2020 —23%, 2021 — 22%, 2022 — 21%, 2023 and beyond — 20%

Thus, over a four-year period, the income tax rate was reduced by 3 percentage points.
In parallel, the mandatory funded pension contribution gradually increased (from 2.5% to 5%
between 2020-2023). However, citizens viewed this pension contribution as a personal saving
rather than a loss.

Logic Behind the Reform

The government’s rationale was that a simplified, transparent, and relatively low tax
would ease administration and encourage formal wage reporting. Employers and employees
would no longer be motivated to operate in the shadow economy.

For example, for a high-skilled engineer earning AMD 1,000,000:

Before the reform, income tax would be AMD 280,000-360,000;
In 2023, it was reduced to AMD 200,000.

This difference made official “white” salaries more attractive. Even for low-income
workers, the savings (~AMD 3,000 per AMD 100,000 of income) could influence behavior.
Budgetary Outcomes

According to official data, the income tax rate reduction did not lead to budget losses.
On the contrary, state revenues continued to grow — thanks to increased formal employment
and rising wages. Reports by the Ministry of Finance confirm that the tax base expanded despite
the lower rate.

This means that due to the “whitening” of the economy, the state actually benefited.
These reforms were also accompanied by stronger tax administration. In collaboration with
French partners, the Armenian SRC implemented the “Support for Tax Administration Reform
2020-2024" project.

Key measures included:
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Introduction of electronic payroll reconciliation tools;
Comparison of declared payroll against sector averages;
Joint inspections with the Labor Inspectorate at construction sites.

Inspections at construction sites began to focus on verifying the existence of labor
contracts [8].

The combination of tax reduction and enhanced enforcement created dual motivation:
It became cheaper to pay the 20% tax than to risk penalties (AMD 50,000—100,000 per
unregistered worker).

Initial Results as of 2024:

The number of registered construction workers had doubled;

Income tax revenues had not declined;

Average wages had increased by over 60%;

SRC reports cited a clear rise in formal employment as a direct result of reforms.

Limitations of the Tax Policy and the Role of Foreign Workers

Despite the overall success of the tax reform, it is not a standalone solution. Certain
groups still consider even a 20% income tax rate burdensome:

Micro-enterprises;
Small construction brigades.

For them, Armenia introduced the microbusiness regime — 0% tax on turnover up to
AMD 24 million annually. Additional measures include raising the non-taxable minimum and
adjusting social contributions.

Thus, tax reform has played a key role in reducing informality in the construction sector,
but achieving full formalization requires other policy tools.

Foreign Workers in the Construction Sector: Legalization Challenges

The Armenian construction sector has traditionally attracted foreign workers, especially
during the execution of large-scale projects. Over the years, laborers from China, Iran, India,
and Central Asian countries have worked on Armenian sites. In recent years, there has been a
noticeable increase in workers from India and Iran, particularly on multi-apartment building
projects in Yerevan.

Reasons for Hiring Foreign Labor:

Shortage of qualified domestic workers, especially in specialized trades;

Ability to offer lower wages with fewer social guarantees.

However, these workers are often hired informally, as the legalization process involves
bureaucratic obstacles and additional costs.

Legal Procedure for Work Permits (Non-EAEU Nationals). To legally employ foreign
workers from outside the EAEU (e.g., India, Iran), Armenian employers must:

Apply via the special migration portal (workpermit.am);
Pass a labor market test (to prove there is no suitable local candidate);
Pay a state duty of AMD 105,000 (~$270) per worker.

Permits are usually valid for 1 year and must be renewed with additional fees.
Workers from EAEU countries (Russia, Belarus, Kazakhstan, Kyrgyzstan) are exempt from
these requirements.

Why Employers Avoid Formal Hiring:
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Small and medium-sized construction firms often avoid the official process due to its
cost and complexity — especially if the worker is needed only for 2-3 months.
As a result, employers choose informal paths:
Workers enter Armenia as tourists or visa-free visitors (where allowed);
They work without registration until the visa period expires;
Some later attempt to legalize their status, often through loopholes (e.g., registering as
“students” or “interns”).
Cash Payment Restrictions and Their Effects

Restricting the use of cash has shown effectiveness as a tool for reducing the shadow
economy. However, it has also created new challenges — namely, the emergence of redesigned
avoidance schemes. To counter these developments, the state must invest in analytical and
technological tools to detect and prevent fraudulent transactions.
International Perspective: Informality and Tax Policy

Shadow employment is a global issue, but its scale, causes, and government responses
vary by country — depending on institutional development, tax culture, and enforcement
capabilities.The table below presents a summary comparison between Armenia and selected
countries. Notably, high tax rates do not necessarily hinder the functioning of a formal labor
market when accompanied by strong social guarantees.

Table 2
Comparative Overview
Country Income Tax Rate | Informal Employment Informality in Characteristics
(Total) Construction
Armenia [9] 20% (flat) ~35% ~30-40% Stronger enforcement,
microbusiness regime
Georgia [10] 20% (flat) ~30% ~30% Simplified administration,
digitalization
Kazakhstan [11] 10% (flat) ~35% ~40% Weak oversight, corruption
Poland [12] 17-32% ~12% ~15% Licensing, high minimum
(progressive) wage, labor rights
Germany [13] Up to 45% ~5-6% ~10% High public trust, strong
(progressive) enforcement

Conclusions

The tax reforms implemented in Armenia’s construction sector — particularly the
reduction in income tax rates and simplification of tax administration — have had a positive
impact on reducing informal employment. However, these results are not sufficient to
significantly lower the scale of undeclared work.

Key conclusions and recommendations include:
The construction sector has historically been a hub of informal labor, involving both local and

foreign workers without formal registration.
The reduction of the income tax rate (23% — 20%) has positively influenced wage
formalization and increased the number of registered employees.
From 2020 to 2024, the number of officially registered construction workers nearly doubled,
indicating a clear trend toward formalization.
Average wages in the sector rose significantly — reaching AMD 376,000 by 2024.
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Cash transaction limitations helped reduce shadow turnover, although they also led to the
creation of new avoidance schemes.

The employment of foreign workers often remains informal due to bureaucratic hurdles in the
work permit system.

Policy Implications: While tax rates are an important factor in combating informality, they are
not sufficient on their own. Sustainable reduction in informal employment requires: Effective
enforcement; Simplified administration; Reliable social security systems; Legal obligations
with real consequences; Modern digital technologies in tax governance.
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ApMAHCKUTL 20Cy0apcmeenHblLil IKOHOMUYECKUIL YHUBEPCUMem

B crarbe npexacraBieH aHaln3 BIMSHMS BBICOKOM CTaBKU ITOJOXOAHOIO Hajora Ha
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Abstract

The paper presents the effect of changing the duration of the quantum of processor time
on the efficiency of neural network training in the Linux environment. The speed of training of
a convolutional neural network is considered with different parameters of the computing
cluster. The obtained results demonstrate the possibilities of optimizing neural network training
in a multitasking environment, increasing the overall computational efficiency.

A detailed analysis of the relationship between resource allocation strategies and
training speed is carried out, and recommendations for configuring Linux systems for working
with neural networks are proposed.

Keywords: batching, completely fair scheduler, mathplotlib, hyperparameter, convolutional
neural network, failover cluster, operating environment, processor time quantum.

Introduction

The training neural networks on computing clusters without the use of GPU (Graphics
Processing Unit), an important condition for increasing the speed of training is the choice of
the operating system (OS) and its configuration. One of the configuration parameters is the size
of the quantum of processor time. In Linux OS, this parameter is controlled by the task
scheduler, which supports various algorithms (O(1) scheduler, CFS, EEVDF)! [1] and resource
management mechanisms such as cgroups? [2]. Optimizing the size of a quantum of processor
time is especially relevant in multitasking computing environments, for example, in distributed

1O (1) scheduler - a kernel scheduling algorithm that can schedule processes for a constant period of time,
regardless of how many processes are running in the operating system.
CFS (Completely Fair Scheduler) - a kernel scheduling algorithm that uses a red-black binary search tree based
on the waiting time for a single process to execute.
EEVDF (Earliest eligible virtual deadline first) - a priority distribution algorithm for limited real-time systems.
2 cgroups - is an OS kernel mechanism that allows you to limit the use, keep track of, and isolate the consumption
of system resources (processor, memory, disk 1/O, network, etc.) at the process collection level.
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training of artificial neural networks. By default, most modern Linux distributions, such as
Ubuntu, Debian, CentOS, openSUSE, Red Hat, and Fedora, use the CFS scheduler, which
dynamically manages time slices based on process priorities (some Linux distributions with
kernel versions higher than 6.6 may also use the EEVDF algorithm).

CFS does not have a fixed CPU time slice value, but instead calculates it based on
various factors, including system load and CPU (Central Processing Unit) task priorities. In
early versions of the Linux kernel, the CPU time slice was fixed at 100 or 120 milliseconds,
which is comparable to server versions of Windows [3]. CPU time slice values for various
Linux distributions are presented in Tab. 1.

Table 1
The value of the quantum of processor time in different Linux distributions
Quantum of processor time (ms)
(OF] Scheduler Note
Server OS Client OS
version version
i i Use cgroups for priority
Ubuntu CFS 10-100 4-10 management
Debian CFS 10-100 4-10 Similar to Ubuntu
10-100 Optimized for server and
openSUSE CFS/EEVDF 410 6-15 P desktop solutions
10-100 i Use cgroups and rtprio to
Red Hat CFS/EEVDF 4-10 6-15 manage priorities
10-100 It is possible to change
Fedora CFS 6-10 10-12 the planning mechanism

Linux OS is the main platform for deploying software for training artificial neural
networks [4], an urgent task is to determine both the OS parameters and the optimal value of
the processor time quantum to increase the speed of training/reaction in parallel computing.

A separate task is the task of synchronizing the CFS of the cluster nodes, since different
loads on the OS nodes generate different CFS values of a single node from the cluster, which
ultimately reduces the overall performance of the computing cluster. Machine learning (ML)
researchers offer various solutions to the problem of choosing the optimal value of the processor
time quantum [5-10], each of which has certain limitations.

However, the method of accelerating the training of neural networks by centralized
change of the processor time quantum and synchronous batching of the code during
instrumental tuning of the Linux OS has not been considered. The closest research to this one
is [10], however, this study was conducted on GPU. Also the research [10] was not carried
instrumental tuning of the OS out due to the proprietary nature of the source code.The novelty
of the research lies in the centralized, synchronous for all nodes change of the quantum of
processor time and batching of the code, with the instrumental adjustment of the OS.
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Conflict Setting
It is necessary to determine the optimal value of the processor time quantum for Linux
OS when training a convolutional neural network.

Discussion
Synchronously for all cluster nodes, by changing the value of the processor time
guantum, determine the most effective value for the learning speed.
Boundary condition
* training was carried out only on the basis of CPU,
* at a given point in time, only one neural network is trained,
» Ubuntu Server OS was used as the operating environment for the study. Other Linux OS
distributions were not considered,
» the script for changing the quantum of processor time was installed on all nodes of the cluster
and synchronized with the quorum node.
Experimental procedures
The researchs used a computing cluster® consisting of 12+1 nodes united in a network
(Fig. 1) running Ubuntu Server 22.04 OS [11]. TensorFlow [12] was used as a ML framework.
Computing resources were managed by centralized changes to:
» machine learning library process priorities,

* system timer (processor time quantum) of cluster nodes,
* the number of CPU cores of cluster nodes involved in computations.

Node 0-5

WA

Share & Quorum HDD

Control PC

Node 6-11

Fig. 1 Diagram of the computing cluster

The change of the quantum of processor time was performed using a script. Fig. 2-9
shows the configuration values of the Ubuntu Server 22.04 OS for different operating modes
of a single node.

The following parameters were subject to adjustment:

3 Single computer (node) parameters: CPU-i9, RAM 16Gb
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* the number of CPU cores. For training, 6 physical CPU cores out of 10 on each node were
used (Fig. 2),

» the values of the system timer (Fig. 3-6). The value of the quantum of processor time in this
version (build) of the Ubuntu 22.04 OS is related to the value of the system timer in the ratio
N/10 (N is the number of ticks of the system timer). The change of the value of the system timer
was verified by the getconf CLK_TCK command (Fig. 7),

* the execution priority PPID (Parent Process IDentificator) of the Tensor Flow software
(Fig. 8, 9) [13, 14].

n-8-12@node-8: ~

: S lscpu | grep "CPU(s)"

: 10
On-line list: 0-9
NUMA node® E 0-9

I~9
: S
Fig. 2 Checking available CPU cores on a single node

n-8-12@node-8: ~ Q

: S grep "CONFIG _HZ" /boot/config-S(uname -r)
& _PERIODIC is not set
= 100=y
_250 is not set
B _300 is not set
S _1000 is not set
=100
P9

Fig. 3 System timer value 10 ms (default value)

n-8-12@node-8: ~ Q

: S grep "CONFIG_HZ" /boot/config-S(uname -r)
3 _PERIODIC is not set
3 _100 is not set
_ZSO:y
# Lo .. _._300 is not set
3 _1000 is not set
=250
9

Fig. 4 System timer value 25 ms

n-8-12@node-8: ~ Q

: S grep "CONFIG_HZ" /boot/config-S(uname -r)
_PERIODIC is not set
_100 is not set

_250 is not set
300=y
1000 is not set
=300
P9

Fig. 5 System timer value 30 ms
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n-8-12@node-8: ~ Q

:S grep "CONFIG_HZ" /[boot/config-S(uname -r)
_PERIODIC is not set
_100 is not set
_250 is not set
_300 is not set
_1000=y

9
Fig. 6 System timer value 100 ms

n-8-12@node-8: ~
: S getconf CLK_TCK
: S getconf CLK_TCK
: § getconf CLK_TCK

: S getconf CLK_TCK

P9
Fig. 7 Verifying the change of system timer values

n-8-12@node-8: ~

[ : S chrt -m
SCHED_OTHER min/max priority : 0/0
SCHED_FIFO min/max priority : 1/99
SCHED_RR min/max priority : 1/99
SCHED_BATCH min/max priority : 0/0
SCHED_IDLE min/max priority : 0/0
SCHED_DEADLINE min/max priority : 0/0
L

minimum and maximum valid priorities

Fig. 8 Process execution priority thresholds

n-8-12@node-8: ~

: $ sudo chrt -a -b -p @ 13435 < — Temsow Flow PPID
$=9
=9

Fig. 9 Changing the execution priority of the Tensor Flow parent process

Training was carried out in two stages:

% training without synchronizing the quantum of processor time in the cluster nodes, with the
batching change script disabled and without additional OS configuration (Tab. 2).
Increasing the priority of the Tensor Flow process, fixing the number of CPU cores, and
dynamically changing the system timer in the nodes were not performed,

% training with synchronized values of the quantum of processor time (10, 25, 30, 100 ms)
in the cluster nodes, with the batching change script enabled and the OS configured for the
training task (Tab. 3).

Research Results
The research results of the change in the learning rate with different values of the
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quantum of processor time are presented in Tab. 2-3.

Table 2
Learning rate of neural networks without synchronization of the quantum of processor
time and the disabled script for changing batching

Convolutional Neural Network Convolutional Neural Network
Value of Learning Rate Increment (%) / The value of Learning Rate Increment (%) /
quantum of Accuracy (%) g}e ?gigégg Accuracy (%)
processor ptime
time
Ubuntu (ms) Number of layers ~ (ms). Number of layers
Server Fixed values
Based on CFS
d 3 5 7 3 5 7
22.04 algorithm
0.77/97 | 0.61/94 | 0.38/93 100 0.62/96 0.7/92 | 0.4/97
0.96/94 | 0.74/90 0.54/88 30 0.74/98 1.0/92 | 0.8/93
1.57/871 | 1.12/84 0.8/81 25 0.81/90 1.6/88 0.82/87
1.74/85 0.41/80 0.24/88 10 1.3/95 1.9/90 1.2/87
Table 3

Neural network training speed with synchronized values of the processor
time quantum and the enabled batching change script

Convolutional Neural Network Learning Rate Increment
The value of the (%) / Accuracy (%)
quantum of
processor
time
(ms). Number of layers
Ubuntu Server 22.04 Fixed values
3 5 7
100 2.1/96 2.2/93 1.1/91
30 2.8/98 1.0/98 1.2/92
25 3.87/95 2.82/95 1.8/95
10 2.5/92 2.1/92 1.4/90

The graphs of the dependence of the learning speed and reliability on the quantum of
processor time for different numbers of layers of the neural network are shown in Fig. 10, 11.
The reliability of the output values of the trained neural network was checked by comparing it
with the a priori known output values of the neural network trained in the study [15] (reference
network). The comparison was carried out using the ssdeep software [16].

Based on the conducted research, the following conclusions can be made:

+ optimal balance is achieved with a fixed quantum of 10-30 ms,

+ the best balance of speed and accuracy is observed with a quantum of 25-30 ms,
* CFS quantum provides more stable operation, but with less acceleration,

+ a fixed value of the processor time quantum gives a higher speed increase.
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~o— CFS Speed (3 layers) 97.5
175 v = GFS Snoed (5 lyesw = :
L= H —— CFSSpeEd (7 layarl] ® .
£ ! Ze— Fixed Speed (3 layers) " 95.0
o 1.50 —a— Fixed Speed (5 layers)
g e —————— Ly 7 oy Ul L g
g 1.25 -o~ CFS Accuracy {3 layers) 3
E . -®~ CFS Accuracy (5 layers) _ 90.0 ;
= o~ CFS Accuracy (7 layers) < 2
@ 1.00 =&~ Fixed Accuracy (3 layers) 5
a —e- Fixed Accuracy (S layers) " 875 &
©0.75 —a= Fixed Accuracy (7 layers) <
g ‘ —- -850
2
9 0.50 -82.5
0.25 -80.0
10 25 30 100
CPU Time Quantum (ms)
Fig. 10 Learning speed using CFS
Pesan —&— Leaming Speed (3 layers) - 98
35 " \‘\\ ~~~~~~~~~~ -8 Leaming Speed (5 layers)
o ! \‘\\\ ~~~~~~ :!-:‘Le_yvmng Speed (7 layers) - 97
3 NS -e- Actomey (3 layers)
<30 ‘\\\ -~ Accuracy {5 layersi~~-e -0
g Accuracy (7 layers)
g -95 ¢
£ 25f -
- -94 ‘é
g 2
n 2.0 93 3
o
£
E |9 =i \eeaaoe ——— -92
§ e e s =
""" -91
1.0 =90
10 25 30 100
CPU Time Quantum (ms)
Fig. 11 Learning speed for a fixed value of the
guantum of processor time
Conclusion

The research considers a model for increasing the training speed of a convolutional
neural network based on a hardware cluster running under Linux OS. It is determined that
setting a fixed value of the processor time quantum and instrumental adjustment of other
parameters (increasing the priority of the neural network process, adjusting OS parameters,
centralized synchronization, using batching) allows increasing both the reliability and the
training speed of a convolutional neural network by an average of (2.5+3)% relative to the
standard CFS scheduler, depending on the network depth.

With an increase in the number of neural network layers, in order to reduce fluctuations
in the time of interprocessor exchange in the cluster, it is necessary to increase the processor
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time quantum, which reduces the speed and/or reliability. Using cgroups to control CPU
resources allows only a partial solution to this problem under multi-threaded load. In all cases,
even with limited resources, it is possible to achieve acceleration of neural network training.
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Juwup thnfuhwwnnigdwu, htsybu twl ptwwwhwywuwuwu b nunbunygjut Yujnituwgdwut
ninnywd tpluwpwdwdybn dwiuubiph: Shghlwlywu dnnGiuynpnwdp hgnp gnpdhp L, npp
Yuwpnn £ oqunwgnpdyt hhnpnhwugnygubiph bwhuwgddwu Jpsuwwu thnynd' unnigbijnt
hwdwp Yuwnngwdpubph bwjuwgdwihtu (nwdnwiubph Gownnyeyniup, npny Gpwstuwydnpnud k
npwug wugunwug wruwwnwupp: dhghlwlwu dnnGwydnpndp Ywpnn £ Yhpwnybp bwlb
Jrwpwd hhnpnunbluthwlwu  Yunngdwdpubiph  Jbpwlwuqudwtu  gnpdpupwgnid
wpryntuwybun ndnwdubip gunubint hwdwp:

fuunph npqwsdpp

Mwuwwpubph thiniqdwtu unghwwywu b EYyninghwywu hGwnbwupubpu  wybih
Upwuwlwih Gu, pwu hudbUbpwlwt 2w wy Ywnnygubph Jpwpubph nbwypnud:
Mwuwuywpubph W fungnp  hpnpnunbGhluupluwwtu  Ywnngdwdpubph  thinigdwtu  nbwpnid,
dupnuwjpht gnhbpp L ynpwlwu Juwup hwdbdwwnbh £ ptwlwt wnbwubph W
wwnndwwjwuubiph Jpwpubph htitnbwupubtiph htiwn:

bpghjwlywu  dnnbGwynpndp  pny; b wwjhu unwtw]  wywwnydwnpubpp,
hphnpnEGYwpwwjwuubph, hhnpnunbluthjuwlwu w) Jwnngwdpubph twfuwqgddwu W
owhwgnpddwt hbn Yuwwdwsd wpnyniuwydbun  nwdndubp: Shghlwlywu dnnbubph Jpw
Yuwuwmwpywd nwuniduwuhpnipjniuubph hhduwlwu uywunwlu £ unngb) b owyyunpdwwugub
hhnpnunbGluuphywlwu  Yunngdwdpubph  hhnpuypyulywu  wuwyblunubpp' wuhpwdbowmn
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wuywnwugnypjutu dwlwpnuyp wwwhndbine b bwhiwgddwu thnynd npwug swihbiph
wuhwpyh dEdwgnuip Ywupubnt hwdwp: Uhpwqquiht thnpah hwdwihp bGpnwdnie)niup
Nyl & wwhu wub) htinlw| Ggpuwywgnipniiutipp.

1. <hnpnunbluuhlwlwu Yuwnnygubpnud Jpwpubphg wnwowgwd Juwup dEdwdwyw|
E U pwgdwsbipin, hwnwwbu fupn puwlbgusd b wpryniuwpbpwwu tmwpwdpubipnid:

2. Ypwpubph wuhiwpgbnwu wydbh tdwu £, pwu npwug hbnlbwupubph
ybpwgnuwip.  Bplwpwdwdybn  hEnwulwpnd  wpnwpwgwsd  Gu dnuppnphugh,
wpnhwlywuwgdwu U nhuybph Yunwldwpdwtu ninnniejwdp uwnwnpdwd ubpnpnudubpp:

3. Lnp dwpwnwhpwybpubpp Yhdwih thnhnfunyeyntt, wundw) Gplnypubph wé, U
w)|t) ywhwugnud tu bwfuwgddwu swihnpnohsubiph yGpwuwnid:;

4. Uhowqgquihtu hwdwgnpdwlgnyejniup b wduiubph thnfuwuwynwdp (ophtwy’
pwpdp wwwndwnpubph wunghwghwih' «ICOLD»-h dhongny) uywuwnnud Gu wwwndwpubiph
wuyunwugniejwt punhwuny dninbgnudubph dowydwup:

Lhnpnunbuuhluwlwu  unngwodpubpnud  Jpwpubph  wnwowgdwtu  hhduwlwu
wwwdwnubpu Gu'

»  Puwlwu wnbwubp (9phbntnubn, ubjwdubp, Gpypwowndtn, wy).

»  Shjuuplulwu ptipnyenuubpp U Yuwnnigwdpubiph dtipwgnudp.

»  Cwhwgnpddwu Ywunuubph fuwfunnudutipp b wupwywpwp yspwhuynnnipntup.

»  bhudbubpwywu hwdwlwpgbiph (9phtin Yuwnnigwodpubip, oppunniuhsubn, W wju)
fuwhwunwiubp,

» Uwpnuwjhu gnpdnup’ wuthnipenipiniuhg  dhusl nhunwdnpjw) gnpdnnnugyniuubp

(Ubpwnjw|' nwgqdwlw):

Mwwudwpubph L funonp  hphnpninbluupyulwu  Yuwnnigwdpubph  Jewnpubph
nuwnbuwywu hbwnbwupubtipp ubipwnnud Gu.

»  bupwlwnnigwépubpht hwugwé Juwu.

Awuwwwphtubiph, Yuwdnipgubiph, otupbph, wdpwpunwyubph, LG4unpwlwjwuubph,

opwwnmwpubipph b w) tupwlwnnigwdpubiph nsuswgnid Yud Juwunid:
*  Unpnwunubp gyninununbunipejut ptwquyunnid.

Sjpinuunmtunbuwlwu  hnnbph  dwhbéwgnud, pbpph U wuwunubph  Ynpniuwm,

gninwnunbuwljwu wpwnwnpniejwt fjuwpwpnd:
*  Uprynibwpbpnipjwup hwugyws Juwu.

Upryniwwpbpwlwu dtnuwpynieyniuubph wydbpnud, wpunwnpnuygjuwt nunupbgnid,
w2fuwwnwinbintph Ynpniuwn:

»  bplwpwdwdybn yEpwlwuqudiwn dwiuubp.

2phtintnh hGwnuwupubph JbGpwgdwt, Gupwlwnnigwdpubph ybpwlwuqudwl,
wnnidwdubphtu oqunienu gnigwpbipbing, Juwuh hnfuhwunnigdwu dwhuubp:

- CpowYw dhowduyph Yuwu.
2nh W hnnh wnunnunnud, Eynhwdwwpgbph fjuwpwpnud, pruwut b YEunwuwwu

wotuwnphh Ynpnwun:
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*  Unghwjwlwt Juwu.

Uwhbp,  Juwudwdpubip, puwlysnigjwu  wbnwhwunyeniu,  hngbpwuwlwu
fuwewpnwdutbip:

Uwlundyuwyh <EY-h ywwndwph thinignudp wgnbg wybih pwt 100 hwqwnp dwpnnt
dpw, huy Gplupwdwdybin Yybpwlwugudwu dwhuubpp quuwhwwynd £ dh pwup dhjhwpn
nnwn:

Muwlyphunwund hunnu qinh wwwndwph thingnuip (2010p.) 6.2 dhjhwpn nnpwph
quwu wwwbwnbg, wybpbg hwqupwynp wnubp b 9phbinbnh Bupwplybg dhihnuwynp
htlyunwp gyninuntnbuwlwu hnntip: Uybpgbg dhusk 895 hwqwp wninu: 2nhybig wybith pwu
1700 dwpn: UUY-h ndjujubpnyd’ 9phbinkinhg winwdby £ 20 dhihnu dwpn:

Ppnwdwnhtynh - wngwdpwph  wwwndwph  thngndp - (Ppughihw,  2019),  npp
wwpniuwynd Ep Bplupeh hwupwpnyniuwpbpnyegjwt pwihnuubn, hwugbgpbg 270 dwpnnt
dwhywu: Ptwwywhwwtuwlwu wnbinp bW hwupwpryniwwpbpwlwu puybipnyejwu thwynidp
wpdbgwy wybih pwtu 7 dhipwpn nnwp: Wu ubpwnnd £ dwhwgwdubph b yhpwynpubipp
punmwuppubpht Jéwpnuubp, wnnigquupubp b thnfuhwwnnignudubp, opowluw dhowywnph
ybpwlhwugudwu Swtuubp, pwdubnndubph onlyujwlwt wpdbph wuynd: Uju nbwpp
jntpwhwwinny £ nupdund gpowlw  dhowdwjph, wnunbuwlwu L hpwdwlwu Juwuh
hwdwnpnyejniup, npp gnyg £ wwjhu  wuppnyngbt  nhulybph  hwdwp  phqubup
Wwwnwufuwtuwwnynipjwu wénn wwhwugubpp:

Uwjwun-Cnpbuulyp <EYU-nud (Mnwwwuwmwuh Ttwolnie)nit, ognuwninu 2009) wnbinh
niubigwd Ypwph htitmbwupny qnhyb £ 75 dwpn, Ywjwuh uwppwynpnudubpu ne tnwpwdpp
wybpdb Bu: Eyunpwtubpghwih wpunwnpnyejuwu Yujwuh woluwwnmwupp nwnupbgyb k:
dpwph hbwmlwupubpp wgnbp Gu hhnpnkGyunpwwjwuhtu hwpwlhg opwiht twpwdph
Eyninghwywu Jhbwyh, huswybiu twl nmwpwdwopowuh unghw-inumbiuwwu ninpunubph
pw: Yuwup swihp Ywqdb) b wybih pwu 40 dhjhwpn nniuwlwt nnipph:

20-pn nwph wdbuwnnpbpquwu wnbiwnubiphg dbyp wnbinh b niubghp 2puwunwup
<Buwu bwhwugnud (1975p.): «Lhuw» pwjbniuhg htnn Putipun ywwwywph ingqdwi b
hwplwu uuwnwiht opwdpwpubiph wybpwényeyniuubiph hwmbwupny gnhyby £ wybih
pwt 170 hwquwp dwpn: Yuwup, 1975 pqulywuh qubpny, quwhwwndb) k1.5 dhihwpn nnpup,
husu wyuop hwdwndtp b wybh pwt 10 dhhwpn nnuph: Uhhnuwgnp wnubp L
npwuuwnpunwiht tupwlwnngywdpubin tu wybndt|, pbppp nsuswgyty £: Unbivnp gnyg |
nyb] bwhuwgdwihu nwdnwdubiph fungbijpnyenwup, thnthnfuynn Yihdwjwlwu wwjdwuubph
uljuwndwdp L Juwn  Uwhiwggnipwgdwl hwdwlwngbph pwgwlwyniejwu
Juwuguynpniejniun:

Opnyhih gpwdpwpp (Mwih$nnuhw, UUL) 2017 pduluwuht, gpenntinh Jrwpubph
wwwbdwnny hwjnudb bp bwhiwdpwpwiht ypdwynd: Ypwpp hwonndbig Ywuluby, uwuwju
wyblh pwtu 180 hwqwp dwpn wnbnwhwudbg, huy Jbpwunpngdwu, dwdwuwlwynp
puwlbgdwu, |nghuwnpy b Bupwlwnnigwdpubph wdpwwundwtu dwhuubpp Yuqdbght dnn
1.1 dpjhwpny nnwn: Wu nbupp gnyg wdbg, np unyuhuly gipquipquigwd Bplpubpnud

111



Bulletin Of High Technology N 2 (34) 2025.-pp.109-132 rULUJUEBDL <UMRULY

Upnip Uwiplynupuit, dwhwql vwswegpnippuiti, Mwupqly Pugopuly,

Uipbpyp Uwipquipputs, Iphgnp Qupuyuiti, Kndhwbtibu (Bnpduwguls
<hWNSELPLULUL GUMMSJHUTRLLENh dBUPLLErk SLSEUULUL JLUUL. KUV UCRUNr<LUSPL Nrac bd
NUESNULNAIBUL LULWUPrIELPR UBRNILENL KUSUUSULP KULrUNESNRGB3NAULNRT
(Spummpmip]ly E Pwpap Skjubmnghwblph mbykljugpnid” N2 (34), 2025, Lp® 3-26)

huwpwynp L hhnpninbluuplulwu  Junngwdpubph wudwwugniejuu  wulnd, beb
dwdwuwyphtu sh Yuuwwpnd nhuybph quwhwnnd b hwdwwwwnwujuwu  hudbubpwlwu
dhongwnnwiubip sbu hpwlwtwgynid:

Sunbuwwtu Juwuh qUwhwwndp Ywpunp gnpdhp £ ns dhwju  Jpwpubph
hGunmuwupubpp Jbpnwdtin, wyibk opwiht Gupwlwnnigwdpubph wuynwugnipjwu  dbg
wnwownyynn ubpnpnidubipp hpduwynpbine hwdwp:

Cwdwotuwphwjht ypwhnhlwtu wnwownynd £ hbnlyw| dninbgnudubpp opwjhu
hwdwlwnpgbpnd Jpwpubphg wnwowgwd nunbuwlwt Juwup guwhwnbint hwdwp.

»  wybpwdnipniuubph ugbiuwpubph dnnbGuynpnid.

» ophbintinh Gupwpyywd gnunpubipnd gunuynn wlwmphyubiph gnypwgpned.

»  Jhpwlwugqudwt Sdwiuubiph quwhwwnd (YbGpwunpngnud, ptwlwpwuwshunte)niu,
thnfuhwwnnignid),

»  bplwpwdwdybn  Ynpnwwnubph  quwhwwnnd,  win pdnudt pbpph Ynpnwim,
gpnuw2pontejwl Ypbwwnnd:

Mbuwp L hwodh wnub twle wuninnuyh Ynpniunutiph gnigwupaubipp, huswyhupp Gu
wlowpd gnyph wpdtiph wulyndp, ubpnpnidwihu dhpwduwyph Juwwnpwpwgnudp, Yndniuwg
dwnuwjniejniuubiph W utunwdpbpph qubiph wép:

Lhwnmwqnunipywu wpryniupubpp.

Cwpyh wnubny, np opwjhts hwdwhwnpgbinp stu Gupwplynud dagnhu hwaywplubiph,
npwug Jwnngdwt, yGpwlwuqudwu, nbluuhluwlwtu wpwunnpnadwt (nhwgqUnuinhluwh) b
Jpwnpubph JYbpwgdwu gnpdpupwgnd  Ywpunp  nbp  nmuph  hhnpnnbGiuuhlulwu
Ywnnigwdpubiph Shghljwlwt dnnbjuynpnidp:

Wu wnnuind, hhnpuwyhluywt  dnnbugnpdwu  jwpnpwnnphwubpp Yuplinp
Upwuwynejntt - nwbu  hpnpnnbluupluwlwu  Yunnigwdpubph  wudunwugnipjwu
wwwhnydwu hwdwn: Ywnnigywdpubiph dnnbijwjpu htiwwgnunieniuubpp
huwpwynpnyeyniu G wwhu pwpdpwgubiine opwihtu opjtywmubph wuynmwugnieniup b
hobigubint 2htwpwpnipjwu Nt swhwgnpddwu dwhuubipp:

Zhnpwyhjwhwu  dnnbuydnpnd  hpwlwuwgynd Gu - hhnpnunbGuthlwlwu  hbnbyw|
Ywnnigwdpubiph hwdwp.

= wwwywpubp,

* wnbwnwihtu gphtin Yunngywdputiph gjfuwdwubip b ophtin npwlwubp,

* 9ppunniihsutip,

*  wphbunwwu U puwlwu hnwbp (9pwugpubp),

*  hwlwubjwywjhtu Yunnigwdpubin,

»  wndwwlwjwuubp, hhnpwyhjulwu nmwpwuubp,

* hhnpnuinipphuubp,

*  hhnpnunbGluuhjuwlwu hwywuubp,

»  opwdwwnwwpwpdwu b opwhbnwgdwt Yunnigdwdpubp,
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=  oph dwppdwt Yunnigjwdpubip,
=  gwdwpnipnubin,

= dbjhnpwunhy hwdwlwpgbn,

= alupenn Yunnigwdpubp:

Uh 2wpp Epypubiph hpnpwyihulwu dnnbjwynpdwt jwpnpwnnphwutpp

Uofuwphh  wnwowwmwp  ghunwlwu  YGunmpnuubpp L hwdwuwpwuubpp,
hwonnnupjwdp Jdhwdnpbind nwnuduwywtu b ghnwhbBunwgnunwlwu  gnpdpupwgubpp
opwjht  hhduwhwpgbph UL hpnpnunGluuhlwjh  nippuind,  hwubp Gu 2nowithbh
hwonnnipnuubiph:  Uwutwynpwwbiu  npwug  YJuqdnd  gnpdnn hhnpwyhwlwu
hGunmwgnwniejniuubph  (wpnpwwnphwubpp, ghnwhbunwgnunwlwu b hnpdwpwpwlwu
Spwanbp hpwlwuwgubinu gnigpupwg, oquwgnpdynid Gu nuuntdtwlwu nwupupwgubp b
nuwunnulwt hbnmwgnunuwlwtu wotuwwnwupubp Jugdwybpwbint hwdwp: Unnpbu ppdwd
Gu mbnGlwwnynieniu dh 2wpp winwhup jwpnpuwnnphwubph dwuhu:

Snwnwih  hwdwuwpwup qpuwnbgund L 62-pn wbnp UWUL  jwdwgnyu
hwdwjuwpwuubph gwulynwd: <wdwpuwpwut hpwyjwdp hwdwpdnd £ Unpwpwpniegjui
yGuwnpnu: Wu hwdwwbnnud £ Swpunwpwghwniejniup, pdoynpiniup b
nunbuwghnnyeniup: LY. 1-nid pbpdwd Gu wwnybpubp Snunwih  hwdwuwpwup
hpnpwy hjulwu hGunwgnwunipniuubph jwpnpuwwnphw)hg:

LY. 1 €hnpwyihljulyw hEnmwgnunieniuubph jwpnpwwnnphw
Sninwjh hwdwjpuwpwund (LWU'L)
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Uwutwynpwybiu, 2024p. Snunwjh hwdwuwpwuh hhnpwyhyulwu
hGinwgnwuinieniuubph jwpnpwwnnphwtu dowldbg uwpp (AWH)' onhg oph dniayniubp
wpryntuwhwubiine b wjunthbnl, obipdnipjuu wgnbgnipjwu wwl, npwup htinniy yhtwyh
yGpwdtint hwdwp: Uwppu ogunwgnpdnid £ hhgpnuynwhly ujnyebip, npnup niubu  opwjhu
gninp2h Yuubint niuwwynyegniu: Uju dbennp Ywpnn £ ogumwgnpddb] opwihu gninpsh
Yiwubnt bwywwnwyny hwnny Yunnigjudpubip unbindbint hwdwp: Uju Ujnieh unyuhuy
thnpp pwtwlyp Yunpnn £ dGd dwdwih 9nip wwhbg:

P.b. Jdbntublup wudwu hhnpninbluuhlwih huunpunnunh (Uwuyn-Mbenbppning,
M4 hbwnmwgnunwwt b bwfuwgdw)ht ubipnidp d6d wwhwuowply niuh tmwppbipn ninpunubiph
Ynndpg: Uwlwju wotuwwmwuph hhduwwu ninnudniejniup hhnpntubpgbinhYwjh hbwn
Ywwlws pbdwubpu  Gu:  buunhwnunh  hhnpwyhlulwu  hGwnwwgnunnienuttiph
(wpnpwwnphwu niuh 140 x 48 4 swihubipny thnpdwpwpwlwu upwh, npntin Yw 5000
funpwuwpn dbwnp dwdwiny opwywquu, npinbnhg wndwywwjwuh dhongny wwwhnyynid
E jwpnpuwmnphwih oph opowtwnnieniup: enpdwpwpwluu nuhihth YEunpnund Yuw
wqwn nwnuwdp' mwnwéwqwu dnr}h[‘uhn inbnwnpbint hwdwn (bl{ 2):

LY. 2 <pnpwyihjulu himwgnunyeyniuubph wpnpwwnnpphw Yhnbubbh wujw
Chnpnunbluuhluwjh hpunhnnunnud (Uwulw-Nbunbppnipg, N

Lhnpnuinbhuuhluwlwt  Ywnnigwsdpubiph wwppbp  hwugnygubph hwpe W
Yphuwwnwpwdwlhwu  dnnbubph  Ypw  hGwnwgnunieniuubp wuglwgubine  hwdwp
(wpnpwnnphwt niuh nye unwghnuwp Jwpbp: Lwpnpwnnphwynd wibnuwjws Gu
Ywyhwnwghnu, wbpnnhuwdhl, pwpép duzdwu b w)p hbnwgnunuwt nmwnwywnubp:
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Upbtuph nbfuupyulwu hwdwuwpwuntd gnpdnn hhnpwyhlulwu
htwmwgnuniyeniuubph  jwpnpwwnppwtu  hphduwlwund  gpwunynud £ wihpubph
dnnbjwynpdwu fuunhpubpny (Y. 3):

LY. 3 £pnpwyihluljwu hbnmwgnnnipyniuubph jwpnpwwnnphwu Upbuph
wbupljuwlwt hwdwjpuwpwinud (Enttwumw)

Lwpnpwwnp  wywjdwuubpnd  Junnigwdpubph Jpw  wihpwjht  wgnbgnipjuu
nwunuwuhpnigniut hpwwuwgynd £ wihpwihu  Jupbpnd® Bplswth  dnnblh pw
(hwppnipjwu fuunhp) W wihpwiht wjwquuubpnud® Bnwswih dnnbh Jpw (nwpwdwlwu
fuunpp): Swpwdwlwu dnnbuwynpdwt nbwpnwd nwnwduwuhpynn opjlywh pninp Gpbip
swihnwubipp  huwpwynphtuu  |hwpdtipnpbit tbGpwndnid G nwunuWuwuppnipjwu  dby:
Uwutwynpwwbu' wihh b puophuwly opwywquuh hwwnwyh wdpnng hpwlwu nbht$p
thndht depwpuwnpdnud E:

Gbwbph  Jpw  Ywnngywd hhnpnnbGuuhjulwu  Yuwnngwdpubpp wbwp |
Yupnnwuwtu nhdwlwjb ubGwyubpht e hbnbnweopbpptu: UGwdp wdbbwdwmwuguynp
puwlywu Gpunypubphg deyu £ Wu gbtup, dwntph W opp hwulwpdwyh, wpwqg hnup k:
Ubjwdp uywnuwihp L ubiplujwgunid ng dhwjt dwpnyujht Ywuph hwdwp, wjile nygewyw
quwutbp b tupwlwnnigwdpubiph nsuswgnid: <bntnweopbtipp, nnipu quiny hniubiphg Yuwd
thnfubiin ptwlwu hnup, opwdwdynd Eu  wnwihyjw  gnuquntnbuwluwu b w)
Uowuwyniejwt  hnnwuwpwdpubipp:  <bnbinubipp J&d  swihph Juwuubp Gu  hwugunwd
wnwhujw ohunipniuubphu, hudbubpwlwu Yunnigwdpubphu, wjn pynd’ judnipoubpht,
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twuwwwphubiphu, nnnqdwu guwugbphtu, b wju: Sknp Bu niubunud fungnp swithtiph hwutunn
hnnwwwpdwu Gplnypubn:

Ghinw)hu hhnpnunbluuhlwlywu Ywnnigwdpubiph htitmwgnunte)niuutinh
ninnudnipnitu niubu dnyph wudwu Unulydwih hhnpnuwhuwghd huunhunnunh (Y. 4)
Unuyqujh  wbwwlwu shtwpwpwlwt  hwdwjuwpwup (@Y. 5), Undnsepluuyp
Swpunwpwaghwnwdbihnpwwunhy hwdwuwpwup (UY. 6) (Wpnpuwwnphwubpp:

L. 4 <pnpuwyjhjuljwt hknmwqgnunnieynibubpph pnpuwwnmnpphwu dniljh wujw Unuljugh
hhnppnuwjuwghd huunhwnnunnd ()

L. 5 €pnpuwyjpluljuwu hEnmwgnunnipniuubph jwpnpuwunnppwt Unuljjuyh ywEwnwlw
2htwpwpwlwu hwdwpuwpwunad (1)
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[0y ) X \

LY. 6 Lhnpwyihlulywu hbnmwgnunipniuubph jwpnpwwnnphwu LnynsEpYwulyp
Swpunwpwghnwdbihnpwwnhy hwdwpuwpwund ()

Lhnpwyhyulywt dnnbuwynpdwt wnwowwnwp «Artelia» jwpnpwwnnphwbiph
YGuwinpnup gunuynid £ GpGunpnd (dpwuupw) LY. 7):

LY. 7 £pnpuwyihjulut hbnmwgnunyeyniuubph «Artelia»
jwpnpwwnnphwubpp pbunp] (bpwtuhw)
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Swohlyuwmwuh hhnpuyhlwlwu hGwnwgnunnieniuubph ghnwyppwywtu YEunmpnup
thwy Ep wybih pwt 30 wwph, b npw Jbpwlwiuqunudp bpwtwlwih puy Ep- opuwjht
nUwnbunyejwu  npnpund ghnwlwt  hGnwgnunnieyniuubph bW Yppwlwu  pwquyih
qupqugdwu gnpdnd (Ul 8): Swohluwnwuh Lutingbnhlwih W opwiht wunbuniejwu
Uwfuwpwpniejwtu  Ywpdhpny, |wpnpwunnphwih  wpnhwlwbuwgndp unbndnd  §
wuhpwdbon wywjdwuubp pwpdp npwlwynpnud niubgnn dwutwgbinubph ywwnpwuwndwu
hwdwn:

LY. 8 Chnpwyihjulwt himwgnunieyniuubtph wpnpwwnmnphw
Swohljumwuph wgpwpwiht hwdwjpuwpwund

Cwpwdwihu  Yndlywund  Ulwnbdhynu hd. Bnhwqwupndh  wudwu  9pwjhu
hpduwhwpgbph L hhnpnunbuthlwjh  puunhwnunh  hhnpwyhyulwu  dnnbudnpdw
(wpnpwwnnphwu jwywgnyuubphg £: Wu hp huwpwynpnipyniuubpny sh ghonid wnwowwnwp
owwn bpypubph tdwuwwnhy jJwpnpuwwnnphwubiph: Uywwbunwlwuwgdwt wywhhg dhus opu'
oning 30 wwphubph pupwgpnd, (wpnpuwwnnphwt wwhwwudb) b wpnhwlwuwgdb £
hwdwpdbin pwqdwehy unp Yunnigjwdputipny (uy. 9): Lwpnpwwnnphwjnd junnigybght
htintnwwwnph dnnbutp, npnug Jpw  Yuwwpdnn  hnpdwpynwdubiph - wpryniuputipng
npnaynud Epu |Gnuwjhu gbnbph whwwwonwwtu  dhongunnidubph  Yunnigwdpwjhu
wnwudUwhwwnynyeyniuubpp, npwug wbuwlubpu nu swihbpp: UGS dwywih wmbuwjwu b
thnpdwwtu  hbunwgnunieniuubp  Ywwwpdbght  hbnnyh ns  unwghnuwp  swpddw,
dwutwynpwuwbu, hhnpwyphluwywu hwpjwdhg funnnulwowpbph  wwo2unwwuniysjwu
futnpnud:
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LY. 9 <hnpwyihlulyw hbnmwgnunnyeniuubph jwpnpwwnnphw
Wywnbdhynu b4, Enhuqupnyh wujwt gpwyhts hhduwhwpgbiph b
hhnpnunbjutuhluwih huunmpwnninnud (Kwywumnmw)

ppunniups yunniguspubph dnpbjwynpnudp
Uulwfu upwuhg, b npinbn £ gunudnd 9pwn Yunnigwdpp b hus bywnwyny £ wiu
Ywnnigynid, hwbwhu wnweowund Gu fuunhpubp, npnup wuhpwdbown Bu |hund hbwnwgnnb
dhghywywtu  dnnbwynpdwt  dhongny:  Lpwn  Ywnnigwdpubpp  wbwp  §
hwdwwwwnwufuwubu Jdh owpp swihwuhgubph, huswhuhp bBuU' hnuph  Enywwpbh
wpwagnienup, dpphlubph pwgwwjnieniup, dupdwu Ynpnunubpp, (nnugnn pblynpubiph
uluwwndwdp gwdn qqujniunieniup, W wyu:
2npunniuhs Yunnigwdpubinh hhnpwyihywlwu dnnbuydnpdwi fuunhpubipu Gu'
= oppunnihsh  guwdwuh  wnwppbp  Ynudhgnipughwutiph - hnpdwpynud - L
owhwgnpddwt uwhdwuubph npnond (Gip, oph dwlwpnuy, fugwunud, Guodwu
Ynpntuw):
* hhnpwyihhuwlut punipwgptiph (wpwgnuejuwt nwawnh, onh ubippwthwugdwu nhul
(wbpwghw), U wju) npn2ntd:
*  Juwnngywdpubph wjntunyejw thnpdwplyned:

<npwuwihtu wmhwh oppunniups Yunnigqwdh dnnbh oppuwly £ pbpdwd £ uy. 10-nd’
U 1:20:
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LhnpnkEYunpwlwywuh oppunntups hwugnygh (Wwpnyyn) dnnbiuygnpdwu ophuwy k
ptipdws uy. 11-nud* U 1:68:

A

LY. 10 L npwitwghts gppunniuhs Yuwnnigwésh dnnbih oppuwly, U:20

hwugnygh (Uwpnyyn) dnnbjwynpdws oppiwy, U 1:68
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<hnpnynunwyhs - BEGwpwluywuh o oppunniihy - hwugnygh - (Minpunniquihw)
dnnbjwynpdwu ophuwy k pbpdwd uly. 12-nd* U 1:33:

LY. 12 Spnpnynunwlhs BiEYnpwlwywih gppunniuhs
hwugnygh (Mnpunniquihw) dnpbjwynpdwu opphtwy U 1:33

2phbtin unnigwspubph dnnbjpwynpnudp

2nphtin Yunnigwdpubiph (Unp Ywd ybipwlwnnigynn) twhuwgddwt owunhdwjwugnidp
U unnignudp, ywwndwpubph nhuybph Yunwdwpdwu Yupunpugnyu fjuunhpubiphg k:

2pwdpwph 9phtin Ywnnigywdpubipnp, wuljwhu upwuhg, et hhnpnhwugnygu hus
uwywwnwyny Ywnnigywsd (hhnpnkutipgbunhlw, nnngnid, ophbintinubiphg wwounmwwunye nwu
L wjyu), wwudwph wudunwugnypjut wwwhnddwtu Ywpnp hwugnygubiphg £, npp
Uwfuwwnbujwd £ ophbnbtnph dwdwuwly 9ophwdwp wldwqwund 9oph  dwlwpnwyh
wuybpwhuybith pwpapwgnidp Yuufubine hwdwp: <nnwjht ywwudwph Yuwwph ypwjnd oph
wugnip wufunwwihbhnpbu Yhwugbguh hhnpnhwugnygh thinigdwup' hnuwuptu h Jun
wwnpnn  puwysnipjwtu  hwdwp pninp - wnbnwih hGnbwupubpny: <Gwnbwpwp, 2phbn
wnpwlywh dhon twhuwgdndp b owhwgnpdnuip nhuybiph Yuwnwywpdwu  hhduwpwn
gnpdnuubphg Gu:

bhghlwlwu dnnbGwynpndp bdwu Ywnnygubph hhnpwyhluwwu hwedwplyubpp
unnwgbint b owywnhdwjwgubint wwgnyu gnpdhpu k£, npu wofuwphh dwutwgbnubpp
ogunwgnnpdnd Gu wybih pwu 100 wwph: Uwjwd np, 2000-wlwuubiph uygphtu h hwjn
Gwy pdwiht dnnGwdnpnudp, uwlwit wju nbnbu pwldwpwp & nbluuhyulwu pwpn
fuunhpubp |NdGINL hwdwp: Shghluwlwu dnnGwynpnudp eny; £ wwhu Gpwofuwynpb
Ywnnigwdph wuywmwug woluwwmnwup, uywuynn hnupbiph nng wnhpnyend, hwjnuwpbipb
L Jbpwgubp gwulwgwd huwpwynp hhnpuyhlwlwiu  fuwthwund, npnup  sEhu
hwjnuwpbpdh  Jbpnwdwuwu  dninbgdwdp: buswbu twl, wnwlug Yuwnnigwdpubiph
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swithubip wuhwpyh dedwgutint, gunub) ndndutip wudwnwugnyejut pudwpwn dwwpnuy
wwwhndbiint  hwdwp:  dhghwlywt dnnbGp eEny E wwhu  nwunduwupptp 9phtin
Ywnnigywdph pninp hhnpwyihulwt wwpwdbnpbpp, win pynud

*  Juwnnigwdph pnnniuwlniypjut wwwhnyned.

»  Uubpplh pPnd Eubpghwjh dwpdwt b [yuwgdwu nhulyh quwhwwnned.

*  Qunnigwdph dwybpunyreh ypw nidbiph W dugnudubph swithned.

* nnugnn wnph wgnbgniejwu qguwhwwnned.

*  wpwqgwhnuubph w2tuwwwuph hhnpwyhyuwwu ywpwdbnpbph unnigned.

»  Junwwpdwt hwugnygubipnu pugwuwwu dugniiubph wnwowgdwu quwhwwnnid

W wyu:

2pwdpwph oqgunuwlwp dwywu wybwgubint bwywwnwyny, oppwihwiht ywwmjwpp
Ywd gphtin unnigdwdph gifuwdwuh 2nipeh Jpw Yupbih £ nbnunpt oph dwlhwpnwyp
nhdhwpnn unnigwdp' |pwgnighs ywwnub, npu wuhpwdbonnipjuu (Junwugh) nbwpnid
Ypwgdh L huwpwynpnienit Yuw hobigubint twjuwwnbudwdhg wydbih pwpdpwgnn oph
dwlwpnwyp:

Lhnpnnbuthluwlwt Yunngwdpubiph bwhiwgddwu unpdwwnhdwiht wdjuiubphu
hwdwwwwnwufuwu opwdpwph ogunuwlwp dwywh dEdwgdwu swihp Yupnn £ vnwwnwugb
opwdpwph  unpdw| nhdhwpwjht dwlwpnwyp  (LH) L wnbwwhhu  Gpbphu
hwdwwwwwufuwunn dwwpnwyph (UHY) dhob: Uwlwju hbnbinwihu Gipbph wybjwgdwu
hGumuwupny opwdpwph Jbpuph pbdnd Yupnn £ nbnp nubuw] oph dwlwpnuwyh
wupnywwpbh pwpdpugnd, b ophbn Jwnnigwdph thwlwuubpp pwgbint hwdwp,
owhwgnpdnnh dhowdwnniejwt wuhpwdbonnyeniu b wnwowuntd:

Uthpwdbon £ hwodh wnub], np wpwmwlwpg hpwdhbwlubpnd, huwpwdnp k
thwywuubiph Yunwywpdwu uvwppwynpnwdutiph fuwthwund: Vwutwynpwwbiv, Ywjwun-
cnihuuyph  <EY-p  twhiwwnippphuwht hwppe  twlwuubph  EEYnpwowndhsubipp
wwhbunwjpt Lhunpwutungnd shubint ywwnéwnny wnnipphtiwiht 9gpwwnwph wdwnndwn
thwynud wnbnh sniubgwy, npp hGwbwupny wnbwph Swywdwu dwdwuwlwdhongp
dtdwgwy’ pbpbiny unpwunp wybpdwdnieniuubin:

«Chnpnypniuy wudjwunwdp Ypnn nhdhwpubpp sniubu uggwd pbpnyeyniuubpp, nph

hGunuwupny jwju Yhpwnnieniu Gu gt puqdwphy hhnpnhwugnygubpnd [4]:
«hnpnynwu» hwdwlwpgh nhdhwpwjht hwlhwuubpp mbnunpynud G ywndwnpp
oppwthwihu dwlwwh Yuwwph Jpw b twhiwnbudwd Gu opwdpwpubiph ogunwlwp
dwywiu wybjugubint b 9pwdpwphg hbntnwjhtu Giph  wudwwug wugnwu wwwhnybnt
hwdwp: Upwug wnwoublu hptuhg ubpluwjwgund b wwwndwph oppwihwiht dwlwunp
2nipeh nng pliwpngjwdp nbnunpywd wywgh pnuwp: Wu nbupnid, Bpp gpuwdpwpnud gph
hnphgnup sh gbpwquugnud twhuwwbu punpwd uwhdwup, pndpp Juwugniuwy |, W
gpwdpwpnud Ynunwlynud £ jpugnighs dwywi: Gpp oph pupdpniejniup gpwpwithh 2nipeh

122



Bulletin Of High Technology N 2 (34) 2025.-pp.109-132 rULUYEBP CUMERUY

Upnip Uwiplynupuit, dwhwql lvwsunpnippuilti, Mwupqli Puigoput,
Uppbpp Uwipquipputs, phgnp upuyuits, Kndhwbtibu Bnpduwgyuls
<hPNSELPLULUL GUMKSHUTLLENP d3UPLErh SLSEUULLUL JLUUL. KU UThUr<U3hL oNrac 64
NUESNULNAIBUL LULKULrYELPR UBBNTILENL KUSUUSULP KULPUMESNRA3NRULNIA
(punnwpuip]ly E Lupip Skfubnmghwhlph mbyklpugpnuil N2 (34), 2025, E* 3-26)

ypw gbpwquugnd | twhvwwbu puunpdwd uwhdwup, pndpp pwjpwjynd £ ne paynud-
tnwnynwd oph hnuwuph Ynndhg:

«hnpnynu» hwdwlwpgh nhdhwph nbupp wwwnybpdwsd £ uy. 13-nwd:

=

LY.13 «Chnpnypniu» nhwyh nphdhwpp

Uwutwynpwwbu, «<phnpnypnu»  hwdwlwpgh nhdhwpnd  hhnpnhwugnyg
dnnbudnpdb) £ Spwuuhwynd @y, 14):

LY. 14. «Chnpnypyniu» hwdwlwpgh nhdhwph hnpawplnud
Cwpdhup gpwdpwph (bpwtiuhw) pinntuwjht ywwydwph dnnbih ypw

Uwnwghnuwp wbnunpynn  wydunndwn  gnpdnnniypjuu nhdhwpwiht rwwup
Yunnigwdpp, ypndbunpubtipn Ujptipun Uwpqupjuup b dwsk (Fnpdwojuuh Ynndhg dowlyyb
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W thnpéwnplyty £ Ulwnbdhynu b.d. Bnhwqupndh wudwt opwjhu hpduwhwpgbiph L
hhnpnunbluupYwjh huunphunnunh hhnpwyihuwywu dnnbjuynpdw jwpnpwnnphw)nud (Ly.
15):
“THhdhwpwjptu hwlwup hnpduwlwu hGnwgnnniejwt bywwwlu k.

1. uwnnwgb| npw w2fuwnniuwynyesniup.

2. npngbt Jwhwuh pwgdwtu wuljwt swihp Juwhdwd opwydwqwupht  wpynn  biph

dbdnie)nupg.
3. unngb] funwgnudubph wotluwwnniwnieniup, wuhpwdbonniejuu nbwpnid thntub

npw Ywnnigwdpp Ywd ujnien.

4. wuwnqb hhnpwyihyulwt pwjwunwiht ptinng Yupquidnphsh wgnbigniejniup rwlwth
gnpdnnnipjwl thnybph ypw.

5. uwnnwgb| hpnpwyphluwlywiu dbndhsh  wotuwwmnuwynienitup, Yupgquynpb| «pwgnid-
thwynud» gnpdnnniejniiubph wpwgne)niup  (wuhpwdbonnyeyuu nbwpnd  thnjub
npnubjwiht hwugnygh whwp  JGpohupu  pnnniuwynejmup  dGdwgubingd  Ywd
thnppwgubiny):

Y. 15 Unwghntuwp wbnwnpynn wdnmndwwn gnpénnnipjwu nhdhwpwjhu hwlwh

dnnbih b puophtuwyh thnp&wpynudp Wwnbkdhynu b.4d. Gnhwqupnygh
wudwt gpwyhu hhduwhwpgbiph W hhppnunbfuuhYwyh puunhwnnunh
hhnpwypluyu hbnmwgnunnipyniuubiph jwpnpwwnnphwynd

Pwlwup hpnpwypluwlywi hwoduplujht  nbunyeyniup  Yunnigbihu, npwbu
hpduwlwu Guybunwihtu wnyjuubp ufuwph Gu wnuynd 9pwdpwn dinunn gbnp hwodwihu
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wnwybjugnyu  Gph dGdniejnitt Nt gpwdpwph  hwdwp  npnoywd  wnwybijwgnyu
nhdhwpwjht hnphgnup thap: Lnp unnigynn hhnpnhwugnygh wwinduph Yud wy 9phtinh
oppwthwihu onipph Gplwpnueniut puwnpynd £ wjuwbu, np nhdhwpwjpt hwywuubpph
wnbnwnpnuihg hbwnn huwpwynp |huh wnwybjwgnyu Gipp pwg pnnub] nphwug uwhdwuwhu
(wnwybjugnyu) pugdwdniejwt nbwpnd:

Uwnmwghnuwp wbnunpynn  wydunndwn  gnpdnnnipjwt nhdhwpwjhtu  thwlwuh
Yhpwnndp  huwpwynpnyeyniu £ pudbinnud  gpwdpwpnd  qquihnpbu - wybugub) 9ph
(pwgnighs  dwywih  Ynunwynd  wwwhndbind  hphnpnhwugnygh  2whwgnpddwt
wuywwugnipyniup: Uhwju  Utunippwuh, Uqwwh L Ybsninh  9pwdpwpubipnid  wpnbu
dowyqwsd puophtwywiht 1d pwpdpnipjwu  nhdhwpwiht  hwlwuubph  nbnunpdwdp
nwnblwu huwpwynp § Ynwnwlybp jpugnighs 46 diu 3 onip: Lwuh np wyn dwywinp gunuynid
E opwdpwph hwjGint gnjniejniu niubignn wnwydbp pwpaép dwybpunyeh Jpw, wwyw
huwpwynpnyejnitu £ unbndynd hupuwhnu Bnwuwyn nnngb] |pugnighs 9000 hw

hnnuwwnwdp:
Uywntdpynu  b.d. Bnhwqupndp  wudwu  opwjpu  hphduwhwpgbipp U
hhnpnunbhluuhYuwjp huunhwninh hhnpwyhyulwu hbwmwgnwunieniuubph

(wpnpwunnphwjnd wnwphubiph pupwgpnud dnnbjwynpt) Gu <wjwuwmwuh pninp fun2np
hhnpnhwugnygubph ophtin Yuwnnigywdpubipp (uy. 16):
A "". 5 ...“ : ,‘ '.'1"‘ u

LY. 16 UWywnbdhYynu b.d. Gnhuqupndh wudwu gpwyhtu hhduwhwpgbph b

hhnpnunbutuhwih huunmpwnnunp hhnpwyjphlulw hEnmwgnunipyniuubph
(wpnpwwnphwynd denGuynpdwé Ubsnunh b Uquinp gpwdpwpubph
wnbwwjhu gphtinubpp puophttwynid woluwmnmwuph dwdwuwly
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1995 . wpwgwhnuh ypwph htnbuwupny Upgbihby-h (9ynudnw) nidwihtu hwugnygp
U gjfuwynp ohunie)niup, wjtwbu wnidbg, np onwpbipypjw dwutwgbnubpp funphnipn Ehu
nyb] hup hwplwuniyepjwdp Ywunnigb) unpp: Uwlwju npnodbg ybpwlwuqub) Junnygp W
uwfuwghd dowlybg: Unwowplynn Yunnigwdpubinp dnnbjuwynpbght Ujwnbtdhlynu h.d.
Enpwqupndph  wudwu  opwiht  hphduwhwpgbph UL hhnpninbluthlwh  huunhwnunp
hhnpwyhyulwu dnnGwynpdw jwpnpwwnnphwnud: <E4-p 1999 . Ybpwgnpdwpyybg:

Uywntdhynu  b.d. Bnhwqupndph  wudwt  opwjhu  hphduwhwpgbph U
hhnpnuinbuuphYw)h huuwnhwninh hhnpwyhyulwu hbwmwgnwunte)niuubph
(wpnpwwnphwind, wpndbunp  Mwpgl  Pwgwuh nbjuwdwpnyejwdp  Yuwwwpdb L
gnpniunwihtu ywwnydwph thinigdwu dnnbijh Yunnignid nu hnpdwpynd (LY.17):

Ll. 17 UWywnbdhYynu b. 4. Enhwqupnyh wujwy gpuwyht hhpduwhwpgbph
hhnpnunbGutuhYwyh huunpnninh hhnpwyphjuljws hbnmwgnnnipyniuubph wpnpwwnmnphwynd
hnnuyht yuwwnuwph hiniqiw dnpbpuynpnudp

Lhnwgnunieiniuutipnp gnyg wndbighu, np h wmwppbipnientt gnpdnn npng dbennubph,
nnnnUdwl pupwgpnd ywwnywnu wdpnnonyejwdp sh thingynid: Mwnydwph wihwdbps dGd
Yunpubip (gnudwpwiht wnnwdng wydbih pwt 50%) dund £ wuduwu: enpabpp gnyg Gu
wnwhu bwl, np Ywundwph bwhutwwu ywunnwoph punwpdwynwdp nbwh gbnh hwwnwy
Ywuwwpynd £ wydbh pwt 2 wuquwd  wpwg, pwu nbwh wywwbp: Wu hwugqudwupp
hwuwnwwunynud £ twl puwlwu Jpwpubph hwdwotuwphwjphtu thnpany:

Ubtjwyubp: GEintpnud b gpwdpwpubpnd gpwpbpniyubph wnwowgnidp

Lywwwlu Lt npdbp gwnub gbinwihu hnbpnd gpwdpwpubph bundwdph
wqnbgnieinup Yunwwpbint tnuuwlubp' Gplupwdwdybn hbnwuwpnud npuiug Yugniu
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<hPNSELPLULUL GUMKSHUTLLENP d3UPLErh SLSEUULLUL JLUUL. KU UThUr<U3hL oNrac 64
NUESNULNAIBUL LULKULrYELPR UBBNTILENL KUSUUSULP KULPUMESNRA3NRULNIA
(Spunnwpwulp]ly E Pupap Skpubingnghwhbph inkyhljugpnid” N2 (34), 2025, Ep* 3-26)

gnpdniubinueyniut wwwhndbine W g9powlw dhowdwyph Jpw  wgnbignyeniup
uwhdwuwthwybint hwdwp:

Oquuwgnpdtind  hpnpwyhlulwu  hGwnwgnwneniuubph (wpnpuwwnnphwt’
huwpwynp £ nwniduwuppbp gbinbpnd b opwdpwpubpnd bundwdph wnwowgdwtu W
pwotudwt dfuwuhgdubpp: Shghlwlywu dnnbip yGpwpunwnpnud | wju pwpn ypngbiuubpp
U wpwdwnpnud £ dhongubin' gunubnt tnwppbip (nidnuwdubip (uy. 18, uy. 19):

I M T

LY. 19 Wywnbdhynu b.4d. Gnhwqupnyh wudwu gpwyhtu hhduwhwpgbph b
hhnpnunbGluuhluyh huunmpwnnunh hhnpuyjhjulwu hEnmwgnnnipyniuubph upnpwnmnphwynud
Ynunwlqwsd gpniunubph hhppuyplulwy Jugdwu dnpbpughtu hnpawpynudubp (Ukdnygju

Gypnwyuwlwl dpwgph 2ppwtwl’ <ntbwuwnwt, @nipphw, Ypwunwl, Cwjwunw)
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ZhnpnunbGuthlwlwt bwhuwgdtpnid bunywdph wju wuwblnt wydd hpwywghnpbu
hwdwpynud k npe puwwywhwwtuwywu b Yuins unwdwpdwt fuunhp: Uwutwynpuwbiu,
opwdpwpubipnud tundwdpubtiph nhulp Ywplunp vwpwgdwiht pwnwnpphs £, pwuh np
ophwlwp wwpwdphg tunywdpp Ywpnn £ wpwgq iguby gpwdpwnh dh dwup b npwtny huly
ujwgbgub| npw oquwlwp dwywp:

Pwpap 6updw gpwwnmwpubp

LEnuwjptu wnbnwupnid nnngdwt, fudbnt 9ph hupuwhnu gpumwpbph b wyndwywjhu
Yuwjwuubpph dndwtu funnnjwlwowpbpph pupwguqgdtnu ninnwahg hwppeniejwu dby nwibku
uphpnuwjht pwqiwprhy wnbnwdwubp, npnugnd gnjuund Gu onwjhtu  Ynunwynwdubin:
huptuwhnu funnnulwownpbph pwpépwnhp wbnwdwubpnd onwjhtu  Yniwnwyndubpp
gnwgdwu hhduwwt wwwbwnp gjfuwdwuwiht unnigudpubpnud  wnwowgnn
wbpwgywd hnuwuph dnwnpt £ funnnduyp  dbe:  funnnyuwowph  pwpdpwnhn
wnbnuwdwubph ybppupwg b Juppupwg §jninbpp 2wwn nbypbpnud niubu J6§ pbpnie)niuubn,
nph - wwwbwnny uphbntuwjhu  wbnwdwubpnd  wnwowgwd onwjhu  Ynunwyndubpp
owhwgnpddwu hhnpuwyhlwlywu nbdhdh wwjdwutbpnd s6U mwpynd hbnnyh hnuwuph
Ynndhg: Wu wdbup hbwbwupny thnppwund £ funnnuwowpnyg pnnupldnn  Gipp
dadniejniup: Ny hwéwfu, dwutwynpwwbu, hwdbdwnwpwp  thnpp  npwdwgdny
funnnjuwlubph nbwpntd, onwjhtu Ynunwynwubpp funnnjwyh |phy jugwudwt ywwnbwn Gu
nwnunwd: Onwjhu wpwwubwnwdubph Gpunypep fupun Juwugquynp £ funnnjuluwownph
swhwgnpddwt  dwdwuwly, npp Ywpnn L pbph junnnduwowph  gifuwdwup
Ywnnigwdpubinh wdpnyejwt b Yuwyniuniejwu Ynpuwnhp:

I
“8

A\

i 7
ar ) |

2/

LA B
RN

L
| | 1Y

LY. 20 Wwnbtdhynu b.4. nhwqupngyh wudw gpwyhtu hhduwhwpgbiph L

hhnpnunbluuhlywih huunhwmnunh hhnpwypluwwu hEnmwgnnnipyniuubph
jwpnpuwwnnphwynd onwyhu Ynunwlyndubph hEnwgnndwu hinpdwuwppp
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Upnip Uwiplnupuit, dwhwqll vwsunpnippuiti, Mwupqly Pugopulb,
Uppbpp Uwipquipputs, phgnp upuyuits, Kndhwbtibu Bnpduwgyuls
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<hMNSEluLhLULUL LUNNRSYUTLLEMP MUTSMULNRE3UL
uuthurasLh2 UsfNLENrL

Upunnwwng ppwyhbwlubpp Ywupubine b huwpwdnp Jpwpubph hbnbwupubpp
dndbGint bwywwwyn hwdwpdtip dhongubip  &dbnuwpybint hwdwp, wuhpwdbon L
Ywufuwwnbub) opwdpwpubpnid W wy hhnpnunbluuhluwywt Yunnigwdputipnd wnwowgnn
pninp wbuwyh wpnmwlwng hpwdhbwyubpp' hwodh wnubind npwug thingdwu nbypnid
hbwlwupubiph dwusnwpubpp:

Lhnpnunbluthlwlywu Ywnnigwdpubiph Uwhuwgddw, 2huwpwpnipjw,
owhwgnpddwt  hwudubn, 2whwgnpddwl  plupwgpnd,  ogumuwgnpdnidhg  hwubnt,
Jpwlwnnignudhg wd uwhwunw| yepwunpngnudhg hbunn, huswbu twlb gnpdniubingejwt
dwdwuwlwynp  nuwnwpbgdwu  nbwpbpnd  npw  ubhwlwiuwnmbpp Yuwd  upw
hwuduwpwpnyejwdp' oguwgnpdnn Yuqdwlbpwniyeniup Yugqdnd § hhnpnunbuuhlulwu
Ywnnigwdpubph  wudwnwugnigjwt  hwjwmwpwpwaghp,  npp hhnpnnbGuuhulwu
Ywnnigwdpubph  wuwmwugniypjutu  swthwupoubph  hwdwwywwnwuluwunipjwu  dwuhu
wnbintGYynye)niuubp ywpniuwynn hhduwwu wwonmnuwwt hwunmweninp k:

Oquwgnpddwu dbg quuynn hhnpninbluuhluywu Yunnigwdpubiph
wuyunwugnypjwt  hwjunwpwpwgph  Juqddwup  wfunpnpnud £ npwug  quunudp:
Lhnpnnbluuhlwywu Ywnnigwdpubiph wuywmwugnyejuu hwjmwpwpwghpp Yugdynud |
npw  ubthwwuwwhpng Ywd ogquwgnpdnn Yuwqdwlbpwniejwt, hul twfuwgddnn bW
Yunnigynn hhnpnunbluuhluwlwu Junnigwdpubph hwjnwpwpwghpp' ywwndhpwnnth
dhongubpny:  Lpwjhu Yndhwbu wwwhnynd £ hwjunwpwpwgpnnh  ubplujwgpwd
hpnpnubGhluuhlwlwu Ywnnigwdpubiph wuyunwugnipjwl hwjnwpwpwgph
thnpdwplunipjwu hpwywuwgnuip bW npw Bgpuwgniejwu hhdwu ypw hwunwwnnd wiu,
npp tupwlw £ hwadwndwu whwnwlwl opwiht funwuwnpnid:

2pwihu Yndhnbu hhnpnunbluuhlwlywu  Yunnigywdpubiph quudwu uwywwnwyny,
funphpnuygbind wybunwlwu Yunwwpdwu swhwgpghn dwpdhuubph htw, duwynpnd k
wnbfuuplulwu hwuduwdnnny: Quudwu dwdwuwy hpwwuwgynud k [8].

1) huynnnie)nLu hhnpnunbhluuhlwlwu Ywnnigywdpubpu oguwgnpdnn
Yuwqgdwlbpwnyejniuubph, puswybu bwl npwug ogquwgnpddwl pupwgpnd Yuwwwnnt
Yuqiwybpwnieniuubph gnpdnibingejwt bywwndwdp' shuwpwpniejwl, Jepwlwnnigdwl,
Ywwhww] JGpwunpnqiwt,  JGpwlwuqudwt  Ywd  Ynuubpjwghwih  dwdwuwy
wudunwugnipjwu Juunuubiph b unpdtiph ywhwwuniepjwt wwwhndwu dwuny.

2) <hnpnuinbluuhulwtu Yunnigwdpubiph wbluuhywlwu yhéwyh quwhwwnnid:

Sthuupjwlwtu hwuduwdnnnu ppwlwuwgund £ uwb  9pwjht  hwdwlwpgbph
wuywmwugnypyut  wwwhnydwt, wpryniuwydbin oqunwugnpddwtu b ywhwwunyejwu
opwagnpbph  nwnwuwuppnyeyniu,  ppwlwuwgynn  dhongwnnwdubph  JbGpwpbpjwg
ybpnwdnipyniuubp b wnwhu | dwutwghunwlwu Ggpuugnipniuubp:
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Uipbpyp Uwipquipputs, Iphgnp Qupuyuiti, Kndhwbtibu (Bnpduwguls
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NUESNULNAIBUL LULWUPrIELPR UBRNILENL KUSUUSULP KULrUNESNRGB3NAULNRT
(Spummpmip]ly E Pwpap Skjubmnghwblph mbykljugpnid” N2 (34), 2025, Lp® 3-26)

Cwjwumwuh Cwupwwbunnejwu junwywpniyejwu npnadwdp hhnpnnbluthlulwu
Ywnnigwdpubiph quunwip b wudunwugniejwt hwjnwpwpwgpbpp ppwywuwgynd Gu
wnujwqu 3 mwphtu dbl wuqud:

LUnyu  npnodwdp  hwdwwywunwujuwt  wybnwlwtu  jhwgnp dwpdhuubpphu
hwuduwpwnyby £ hwdwwbin puuwpytp wbnwlwu pngting bwjuwwmbudwd wnmwpblywu
wwhwwudwu Swhuubph Ywgdnd nbluuhwlwu hwuduwdnnndh gnpdniubinyejwt hbwn
Ywwywsd dwiuubiph pungnpydwu huwpwdnpnyeiniup b Cwjwuwnwuh <wupwwbnnyejui
Ywnwywnnipjnu ubplujwgub) wnwownyniyeniu:

Zhnpnnbuthlwlwt  Yunnigwodpubph  wudwnwugnigjwu  hwjnwpwpwgpned,

hwjnwpwpwagpnnh bwhuwdbnunyejwdp, Yuwwunwpynd Gu [pwgnwdubp b thnthnfunieniuubp.

*  wuywmwugnypjui wwywhnydwt ypw wgnnn ywjdwuubpp hnthnfudbine nbwpnid,

= unp Juwudwdpubip hwjunuwpbpybine nbwypnid,

» JGpwlwnngnudhg, hhduwunpngnuwipg, Ybpwlwuqundhg YJwd gnpdniutinuyejw
nwnwnpbgnuihg htwnn' dhusk hwdwwwwnwufuwu shudnunwdwihu wotuwwnwupubiph
punniunudp:

Lhnpnuinbuuhluwlwu  Junnigwdputiph  quudwu whnbpp Yuqdbine bywnwyny
woluwwnwupwiht  dpwgpnd  Ywpnn  Gu UGpwndb]  punmpwupwiht  unnignnuiuu
gnpdhpwjhtu swihnwdubp b thnpdwpynwdubp, npnug bwywwwyp b dwdwip npnaynd Gu
woluwwmwupwiht quudwt dpwgpnd  nt wluwnhwwlwu  (Jhgnww)  quunudubph
wpryntupubiph hhdwt Ypw:

UYuwnhwnwlwu quunudp Ywpnn £ ninblgdb] unnignnuijuu swihnwdubpnyg, huly
wuhpwdbonnipjutu  nbwpnd,  wbliupywlwu  hwuduwdnnndh  npnodwdp’  unnighs
thnpdwpynwdubipnd b (Ywd) hwodwplubpny: <wunniy gnpdhpwihtu hbunwgnunnienitutipp
Ywagdp npnpdnid £ hwodph  wnubind Ywnnigwdph Ywpgp, upw  Ynuunpniynpy
hwwlwuhoubpp, ptwyhdwjwlwu L wbuunnghwwtu wwpdwuubpp, 2whwgnpddwu
wwhwugubpp, Yuwnngwdpnid wnlw pbipnyeniutbph punypp: $npdwpyndubpp Yupnn
Gu ppwlwiwgyt] hwdwwwwnwufuwt  huwpwynpnipniuubp  niutignn  hGnwgnunuwu
[wpnpwwnnphwubpnid:

Zhnpwyhluwlwu  thnpdwpynwdubp  ppwlwuwgubint hwdwp  hwdwwwnwufuwu
huwpwynpnyeyniuubp nuh - Ujwnbdpynu  b.d Bnhwqwpndh  wudwu  9pw)hu
hhduwhwpgbiph L hhnpnunbhuuplwjh huuwnhwnntinh hhnpwyhlulwu
hGunmwgnwuniejniuubph (wpnpwwnnphwt, nph Wwhwywunwp b wpnhwlwuwgndp Yupunp
Uowuwynir)niu niup Cwjwunwuh Cwupwwbinnuyejwu hwdwn:

Lhnpnnbjuthlwlwu Ywnnigqwdpubinnid wundwjhwubiph gbubighup
pwgwhwjndwt hwdwp nhunwpynudubph hunbgpw] quwhwwwlwup, Gppbdu, Jupnn
pbpb] wpdwwwlwu wudonnyeniuubph, nwunh wuhpwdbon | vnwpwuownb huwpwynp
fuwthhwunuubpp W thnpab] wnwudht-wnwudht Ywnnigb] jnipupwtgnip fuwfundwt
wwwbwnwhbwbwupwjht Yuwwp: vwihwundubph qupgugdwt  ugbuwpp Yupbh |
ubipyuwjwgub) Yunnigbiny, wjuwbiu Yngynn, «fuwthwunwdubiph Swnp», npp huwpwynpnieniu
Yuw Ywufuwwnbubine Gpunyputiph qupgugdwu htimwqw pupwgpp W quwhwwb] npw

wqnbignie)niup Yunnigwdph wotuwwmwuph hntuwhnyejuu Ypw:
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NUTSNULNNMIBUL YULRUrdELPR UERNTILENE KUSUUSULP SULLrUNESNRGSNALNAT
(Spummpmiplly E Pupap Skjulimpnghwbhliph mknklpugpnid® N2 (34), 2025, L' 3-26)

Mwwujwph wudunwugnpjut quuhwndwt  woluwnwuph dwlwip wbwp §

hwdwswith  |hup  hhnpnhwugnygh  tpwuwynigjwup W pwpnnuepjwup, huswbu  twb
huwpwynp ypwph hbnbwupubph punyehu:

L.

Eqpwlwgnipeyniuubp.

Mwuwnwnpubph W wy fun2np hhnpnunbGuuhjulwu unnigwdpubiph ogunwgnpddwl

pupwgpnd  hwjnuwpbpdwd  wuuwppnieniuubph  hGnwgnundwtu  gnpdpupwgubnp

whwp £ hpduywd [hubt dwdwuwywYyhg hwodquplwihu dbennubph Yppwndwu L

hhnpwyhywlwu dnnbGuwynpdwu wpryniupubiph hwdwnpdwu ypw:

dhahljwlwt  dnnbpwynpndp hgnp gqnpdhp £, npp Gupnn b oquwgnpdyty

hhnpnunbluupyuwlwu Yunnigdwdpubph twhuwgddwu Jepouwlwu hnynd' unnigbnt

hwidwp twjuwgdwihu swhwuhoubph hhduwdnpdwdnieniup' wwywhndbind Yunnygh

Bplwpwdwdlybn  Yuniungeyniup b wpryniiwydbn - wotuwnwupp: Shghlwlwu

dnnbwynpnuip ogunuwlwn £ twl ypwphg htinn hhnpnunbiuthluwywt Yuwnnigdwdpubipp

ypwlhwugudwu gnpdptpwgnud: Wu wnnwdnd  Yuwpbunpdnd £ hwdwwywnwufuwt
htiwnmwgnunwwt (wpnpwwunnphwubph wwhwywudwu b wpnhwwuwgdwt fuunhpp:

3. Lhwnwgnunigynuutiph hpdwu Jpw wnwowplynn ndnwdubipp b npwuhg plunn
dhongunniudutpp whbwp L wwwhndbu hhnpnhwugnygh hGnwqw swhwgnpddw
wuywnwugnueniup' Giubnd hbnlyw| wnwouwhbppnieniuubphg.

*  puwlsnipjwu hghlwlwu wuywmwugnip)nil,

= nUnbuwlwu Ynpnwunubph Yuufuwnpgbind,

= 2powlw dhowidwinh wwhwwnyeyniu,

*  wunpuwhdwuwihu wgnbigniejwt Ywufuwnpgbijnwd:

Gpwlwuniejniu

1. Artelia Hydraulic Laboratory //www.laboratory.arteliagroup.com/

2. Cuna Boasl B pykax dyenoseka: k 100-neruto BHUUI um. B.E. BeneneeBa. — Mockga:
«CoBpeMeHHbIe HHPOpMaLMOHHBIE cucTeMbl», 2021. — 304 c.

3. B Tamxwukucrane dyepe3 30 JIeT MPOCTOsl 3apaborana JiabopaTopusi TUAPABIIAKH
//www.asiaplustj.info/ru/news/tajikistan/society/20250124/v-tadzhikistane-
cherez-30-let-prostoya-zarabotala-laboratoriya-gidravliki

4. Chevalier S., Culshaw S.T., Fauquez J.P. The Hydroplus Fusegate System - four years
on. The reservoir as an asset, Thomas Telford, London, 1996, pp. 32-40.

5. fanpdwojwt Ywst <ndhwutbiuh 2pwdpwph ogunwlwp dwywih dbdwgdwu b opwn
Ywnnigwdpubiph owhwgnpddwu wpryniuwybwnniejwu pwnépwgdwu
hudtubipwlwu dhongwnnudubipp //6.23.05 - «2pwntunbuwljwt hwdwlwpgbp W
npwug 2whwgnpdnudp»  dwutwghwnniejuwdp  wbjuuthyulwu  ghwnnyeniuubph

nnlywnph ghnwlwu wunhbwuh huygdwd wntbwpununipynil, Gplowb, 2015p.-
221 by:
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