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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. 



Bulletin Of High Technology N 2 (34) 2025.-pp. 3-26.      WATER SYSTEMS 

A.Kh. Markosyan,  V.G. Khachaturyan, P.H. Baljyan, A.Ya. Margaryan, G.S. Gabayan,  H.V. Tokmajyan 

ECONOMIC DAMAGE FROM ACCIDENTS AT HYDRAULIC STRUCTURES – WORLD EXPERIENCE AND 

PREVENTIVE METHODS OF PROTECTION IN THE REPUBLIC OF ARMENIA 
  

5 

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. 
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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 (Banqiao, China, 1975). As a result of the failure of the Banqiao 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; 
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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, 
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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). 

 
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) 

 

 
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. 
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Fig. 9. Hydraulic research laboratory of the Institute of Water Problems and Hydraulic 

Engineering named after Academician I.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. 

 

 
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 a model 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 III 

 (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; 

▪ Identification 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; 

▪ lateral 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; 

▪ etc. 

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. 

 
Fig.13 Retaining structure of the "Hydroplus" type 

 

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

 

 
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 Vache Tokmajyan in the laboratory of hydraulic modeling of the Institute 
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of Water Problems and Hydraulic Engineering named after Academician I.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 I.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]. 

 
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 I.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 I.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 I.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 I.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 I.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 I.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]: 

▪ In the event of a change in conditions affecting safety; 

▪ In 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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ЭКОНОМИЧЕСКИЙ УЩЕРБ ОТ АВАРИЙ НА ГИДРОТЕХНИЧЕСКИХ 

СООРУЖЕНИЯХ – МИРОВОЙ ОПЫТ И ПРИМЕНТИВНЫЕ МЕТОДЫ 

ЗАЩИТЫ В РЕСПУБЛИКЕ АРМЕНИЯ 

 

А.Х. Маркосян1, В.Г. Хачатурян2, П.О. Балджян3, А.Я. Маргарян3, Г.С. Габаян3, О.В. Токмаджян3  
1Армянский государственный экономический университет 
3ОО по политическим, правовым и экономическим исследованиям и прогнозам 
3Институт водных проблем и гидротехники им. акад. И.В.Егиазарова 

 

Аварии гидротехнических сооружений являются глобальной проблемой, где 

пересекаются вопросы инженерии, экологии, экономики и социальной ответственности. 

Развитие технологий мониторинга, совершенствование проектных решений и внедрение 

международных стандартов безопасности — ключ к снижению рисков и защите населения. 

Учитывая большое количество плотин, имеющихся в мире, безопасная эксплуатация этих 

сооружений имеет важное социальное, экономическое и экологическое значение. Авария 

плотины может повлечь за собой крайне негативные последствия, включая большие 

человеческие жертвы. Для стран с большим числом плотин вопрос обеспечения их безопасности 

приобретает особую остроту. Разрушение плотин и других гидротехнических сооружений 

наносит огромный экономический ущерб, включающий в себя затраты на восстановление 

инфраструктуры, ликвидацию последствий наводнений, компенсацию ущерба имуществу и 

бизнесу, а также долгосрочные экологические издержки и затраты на восстановление экономики. 

Физическое моделирование — мощный инструмент, который можно использовать на 

заключительном этапе проектирования для проверки соблюдения всех проектных критериев, что 

гарантирует долгосрочную прочность конструкции и гарантирует её эффективное 

функционирование с точки зрения гидравлики в любых условиях. Физическое моделирование 

также весьма полезно при восстановлении гидротехнических сооружений после аварий. 

 

Ключевые слова: прорыв плотины, гидравлическое моделирование, лабораторные 

испытания, безопасность эксплуатации сооружений. 
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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).  

 
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:  ℎ𝑤 = 𝑆𝑄2.  

The pressure at unit B will be 

𝑦𝐵 = 𝛻0 − ∇𝐵 − 𝑆𝑄
2,      (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,  ∇0,∇B 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 ∇1, the flow: Q1, the hydraulic resistance of the pipe S1. For 

the pipe descending from unit C, these parameters will be: ∇2,Q2,S2, respectively. 

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

following formula 

  

𝑦𝐵 + ∇𝐵 − ∇1= 𝑆1𝑄1
2,      (2) 

 

The pressure at unit C will be: 

 

𝑦𝐶 = 𝑦𝐵 − (𝛻𝐶 − ∇𝐵) − 𝑆𝐵𝐶𝑄𝐵𝐶
2,             (3) 

 

where SBC is the hydraulic resistance in the pipe BC, QBC is the flow through the pipe BC, 

∇C 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 

 

𝑄𝐵𝐶 = 𝑄2 = 𝑄 − 𝑄1            (4) 

 

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

following equation 

 

𝑦𝐶 + ∇𝐶 − ∇2= 𝑆2𝑄2
2.                                                                 (5) 

 

 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. 

 

{
 
 
 

 
 
 

𝑦𝐵 = 𝛻0 − ∇𝐵 − 𝑆𝑄
2,

𝑦𝐵 + ∇𝐵 − ∇1= 𝑆1𝑄1
2

𝑦𝐶 = 𝑦𝐵 − (∇𝐶 − ∇𝐵) − 𝑆𝐵𝐶𝑄𝐵𝐶
2

𝑦𝐶 = (∇2 − ∇𝐶) + 𝑆2𝑄2
2

𝑦𝐶 = (∇2 − ∇𝐶) + 𝑆2𝑄2
2

𝑦𝐷 = (∇3 − ∇𝐷) + 𝑆3𝑄3
2

Q = 𝑄1 + 𝑄2 + 𝑄3

        (6) 

 

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. 

 

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. 
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ГИДРАВЛИЧЕСКИЙ РАСЧЕТ ИСКУССТВЕННОГО ПОПОЛНЕНИЯ ВОДНЫХ 

РЕСУРСОВ АРТЕЗИАНСКОГО БАССЕЙНА В УСЛОВИЯХ ГОРНОГО РЕЛЬЕФА 

 

А.Я. Маргарян1, Д.Г. Григорян2, А.А. Вартанян3  

Э.В. Аванесян2, Г.А. Мартиросян1, В.О. Токмаджян1  
1Институт водных проблем и гидротехники им. акад. И.В.Егиазарова 
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Речной сток в горных районах характеризуется значительными сезонными изменениями, 

связанными с весенними и осенними паводками, что затрудняет его эффективное использование. 

Наличие фонтанных скважин увеличивает общее водопотребление, обеспечивая водой не только 

орошение, но и питьевые и хозяйственно-бытовые нужды. Известно, что во многих странах вода 

используется из подземных бассейнов, куда, помимо атмосферных осадков, принудительно 

направляется речной сток. На равнинных участках эти работы требуют больших финансовых 

затрат как на очистку воды, так и на закачку в подземные резервуары. Горные районы 

характеризуются высокими показателями качества воды. Кроме того, естественные различия 

отметок рельефа позволяют закачивать большие объемы пресной воды в подземный бассейн без 

использования насосных станций. Объем воды, закачиваемой в подземные водоносные 

горизонты, определяется напором воды в трубопроводе, фильтрационными свойствами 

водоносных горизонтов, количеством скважин, расстоянием между ними и другими факторами. 

Сравнение расчетных данных по различным эмпирическим формулам, показавшее близкие 

результаты, дало упомянутым исследователям основания полагать, что этим формулам можно 

доверять. Авторы статьи считают использование эмпирических формул для расчета дебита 

восполнения артезианского бассейна нецелесообразным ввиду большого риска искажения 

реальной картины. На основе теории технической гидромеханики предложен метод 

гидравлического расчета распределения дебитов в поглощающих скважинах.  

 

Ключевые слова: подземный бассейн, искусственное пополнение, поглощающая 

скважина, регулирование речных потоков, водохранилище. 
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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, 

mailto:tatiana@berdnik.me
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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, Mahóy-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, László Mahóly-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 Ive, 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.  

 



Bulletin Of High Technology N 2 (34) 2025.-pp. 37-44 ARCHITECTURE AND APPLIED DESIGN 

T.O. Berdnik 

COMMUNICATIVE-AESTHETIC ASPECT OF PHOTOGRAPHY IN DESIGN 

  

41 

    

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. 

    

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; 

▪ Identifying 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 

Мastering 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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КОММУНИКАТИВНО-ЭСТЕТИЧЕСКИЙ АСПЕКТ  

ФОТОГРАФИКИ В ДИЗАЙНЕ 

Т.О. Бердник 
Донской государственный технический университет 

 

 Статья представляет собой исследование феномена фотографики, его места и 

значения в проектировании графических дизайнерских объектов. Выделяется 

сущностное различие между фотографией как технологическим процессом и 

фотографикой как разновидностью изобразительного искусства. Изучается творческий 

и педагогический опыт авангардной фотографии 20-30-х годов ХХ столетия и ее лучших 

представителей Ласло Махой-Надя и Александра Родченко, реализующих свои 

методики в Баухаузе и во ВХУТЕМАС-е соответсвенно. Дается описание авторских 

методических подходов к преподаванию учебной дисциплины «Фотографика» в рамках 

подготовки студентов-дизайнеров.   

 

Ключевые слова: фотографика, коммуникативный дизайн, графический 

дизайнерский объект, трансформация фотоизображения. 
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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 

mailto:hrant_ayvazyan@yahoo.com
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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 façade 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) 

in London  

Fig. 2. Skyscraper Gherkin (180 m) in 

London 
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Fig.  3. Skyscraper Burj Khalifa (828 m) 

in Dubai 

 

Fig.  4. Bridgewater Place skyscraper (112 

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 

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 A NEURAL NETWORK IN THE LINUX OPERATING SYSTEM 

 

51 

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

954 Y. Priority 30.08.2023.  Patent 

 

 

 

 

  

 
․  ․   

 

 

 

 

 

 

 

 

 

 

 

НОВЫЕ ТЕХНОЛОГИИ ДИАГНОСТИКИ И СНИЖЕНИЯ  

ИНТЕНСИВНОСТИ ПРИЗЕМНОГО ВЕТРА ВЫСОТНЫХ ЗДАНИЙ 

 

М.В.Маркосян, Г.Г.Айвазян  

Ереванский  НИИ  Средств Связи   

 

            Многочисленные наблюдения процесса возникновения  приземных  ветров у 

основания небоскрёбов тем не менее не позволили учёным  создать физически 

обоснованную технологию  борьбы с ними. В связи с этим администрации больших 

городов вынуждены сдерживать темпы городского строительства для обеспечения 

безопасности граждан. Предложенная в статье версия основана на фундаментальных 

http://bit.ly/4e1vGjd
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законах физики о движении воздушных масс и рассматривает процесс формирования 

приземного ветра как следствие образования разности температурных фронтов по обе 

стороны высотного здания, обращённого фасадом на юг.  

 

Ключевые слова: приземный ветер, высотное здание, небоскрёб, объём воздуха 
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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(AI), 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 

https://doi.org/10.56243/18294898-2025.2-
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artificial intelligence (AI), 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 (AI), 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 (AI) 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 AI 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 AI-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 Italy, 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 (AI) 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, AI 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 

 

References 

 

1. McKinsey & Company. (2020). The digital transformation of financial services. 

McKinsey & Company. 

2. Government of the Republic of Armenia. (2021). Decision on approving the Armenia 

digitalization strategy, the strategy’s action plan and performance indicators. 

Government of Armenia. 

3. Organisation for Economic Co-operation and Development. (2021). The impact of AI 

on the labour market. OECD Publishing. https://doi.org/10.1787/7c895724-en 



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 

 

60 

4. PwC. (2018). Workforce of the future: The competing forces shaping 2030. 

PricewaterhouseCoopers. 

5. World Economic Forum. (2020). The future of jobs report 2020. World Economic 

Forum. 

6. World Economic Forum. (2023). The future of jobs report 2023. World Economic 

Forum. 

7. International Trade Administration. (2024, September). Trade events: InfoSecurity 

cybersecurity forum. U.S. Department of Commerce. 

8. Ministry of Economy and Sustainable Development of Georgia. (2024). Georgia's 

role in regional digital communications. Ministry of Economy and Sustainable 

Development of Georgia. 

9. BMI Research. (2024). Romania information technology report. Fitch Solutions 

Group. 

10. National Statistical Institute of Bulgaria. (2024). Statistical data and publications. 

https://nsi.bg/en 

11. National Institute of Statistics of Romania. (2024). Statistical data and publications. 

https://insse.ro/cms/en 

12. Minasyan, A., Shahbazyan, L., & Sanamyan, A. (2022). Problems and prospects for 

the development of the digital economy in the Republic of Armenia. Economics and 

Management, 19(4), 45–58. 

13. World Bank. (2024). Armenia firms’ adoption of digital technologies. Washington, 

DC: World Bank. 

14. Statistical Committee of Armenia. (2024). Statistical publications. Statistical 

Committee of the Republic of Armenia. 

15. Avetisyan, L. (2024). The RA labor market 2024: Annual report. staff.am. 

16. Fast Foundation. (n.d.). About us. Fintech Incubator Armenia. 

17. Government of the Republic of Armenia. (2021). Armenia's digital transformation 

strategy (2021–2026). Government of Armenia. 

18. Government of the Republic of Armenia. (2025). Strategic employment plan for 

2025–2031. Government of Armenia. 

 

References 

1. McKinsey & Company. (2020). The digital transformation of financial services. 

McKinsey & Company. 

2.      , 

      

   (2021) 

3. Organisation for Economic Co-operation and Development. (2021). The impact of AI 

on the labour market. OECD Publishing. https://doi.org/10.1787/7c895724-en 

4. PwC. (2018). Workforce of the future: The competing forces shaping 2030. 

PricewaterhouseCoopers. 

5. World Economic Forum. (2020). The future of jobs report 2020. World Economic 

Forum. 

https://nsi.bg/en
https://insse.ro/cms/en


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 

 

61 

6. World Economic Forum. (2023). The future of jobs report 2023. World Economic 

Forum. 

7. International Trade Administration. (2024, September). Trade events: InfoSecurity 

cybersecurity forum. U.S. Department of Commerce. 

8. Министерство экономики и устойчивого развития Грузии (2024) “Роль Грузии в 

региональной цифровой связанности”  

9. BMI Research. (2024). Romania information technology report. Fitch Solutions 

Group. 

10. National Statistical Institute of Bulgaria. (2024). Statistical data and publications. 

https://nsi.bg/en 

11. National Institute of Statistics of Romania. (2024). Statistical data and publications. 

https://insse.ro/cms/en 

12.  ․ ;  ․;  ․   

    -  2022 19(4), 45 58. 

13. World Bank. (2024). Armenia firms’ adoption of digital technologies. Washington, 

DC: World Bank. 

14.     (2024) «  

 » 

15.   2024 | staff.am-   .   

16. Fast Foundation. (n.d.). About us. Fintech Incubator Armenia. 

17.    (2021).   

  (2021-2026) 

18.    (2025).  2025-

2031    

 

     

   

․ ․ Ազատյան 

   

 

          

    ,     

       , 

     ,    

           

 ,       ,     

    ,    

   ,        

,        

         

 ,      « »   

,           

         ,    

https://nsi.bg/en
https://insse.ro/cms/en


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 

 

62 

           

       , 

  ,    ,  

       

         

      , 

      

 

 ․  ,  ,  , 

,   (AI),    (RPA), 

 (FinTech)  

 

ПЕРСПЕКТИВЫ РЫНКА ТРУДА В РЕЗУЛЬТАТЕ ВНЕДРЕНИЯ ЦИФРОВЫХ 

ТЕХНОЛОГИЙ В ФИНАНСОВУЮ СФЕРУ 

Л․А․ Азатян 

Академия государственного управления РА 

 

Путь человеческого развития всегда был направлен на выявление инноваций и 

повышение качества жизни. Примечательно, что, особенно в последнее время, развитие 

новейших топологий происходит молниеносно, создавая совершенную версию на 

каждом последующем этапе, и очень часто люди даже не успевают следить за динамикой 

развития. Однако, как и почти все экономические явления, это развитие также имеет как 

свои положительные, так и отрицательные стороны. В частности, с внедрением 

новейших цифровых технологий бизнес-средой становится легче управлять, стремится 

быть более безопасным и повышает производительность, обеспечивая большую 

справедливую стоимость. Но внедрение цифровых технологий в то же время 

подталкивает рынок труда к кризисная ситуация, поскольку на смену человеку приходит 

автоматизированный механизм, который во многих случаях является более выгодным 

вариантом для работодателя. Это явление само по себе вызывает рост уровня 

безработицы, что является одной из важнейших стратегических задач для любой страны. 

Эта статья направлена на представить последствия внедрения цифровых технологий в 

финансовом секторе, анализ и видение развития финансового сектора развивающихся 

стран, как в Республике Армения, так и на международной арене, в соответствии с 

экономикой Армении. В статье с причинно-следственной связью представлено влияние 

цифровых технологий на рынок труда в финансово-банковской сфере, плюсы и минусы 

этого явления.  

 

Ключевые слова: цифровые технологии, финансовый сектор, тенденции рынка 

труда, ИТ, искусственный интеллект (ИИ), автоматизация роботизированных процессов 

(RPA), финтех (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. 

mailto:markosyan844@gmail.com
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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 

growth1. 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 development2.  

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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capital3. Similarly, Stiglitz (2012) explored how unequal distribution of wealth hinders 

economic growth and creates systemic instability, particularly emphasizing the need for 

redistributive fiscal policies4. Anthony B. Atkinson (2015) further outlined practical approaches 

to reduce inequality, including progressive taxation and public wealth-sharing mechanisms5. 

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 

considerations6. 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 wealth7. 

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 growth8. Acemoglu and Robinson (2012) expanded on this by 

demonstrating that inclusive policies contribute to sustained wealth generation, whereas 

extractive policies exacerbate inequality9. 

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 

inequality10. 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 resources11. 

 

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 Bank12, 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. 

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. 

 
Fig. 1 The Ratio of Consumption, Gross Accumulation, and Net Exports  

to GDP in Armenia, 2012–202313 

 

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 worldwide14. 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 201115. 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 analysis16. 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,17" 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 

Countries and Income-

Classified Country Groups 

National 

Wealth 
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1 2 3 4 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 23.5 53.8 42.1 14.0 8.7 

Belarus 99,685 33,388 21,882 1,167 49,004 -4,588 

 100.0 33.5 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 2.1 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 42.4 -1.4 

Kyrgyzstan 24,429 6,159 12,570 1,490 6,729 -1,029 

 100.0 25.2 51.5 6.1 27.5 -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 7.5 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 25.9 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 32.4 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 

Union Countries 

115,836 40,186 25,020 12,671 52,973 -2,343 

 100.0 34.7 21.6 10.9 45.7 -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 

Countries 

25,948 6,531 6,949 1,944 13,117 -650 

 100.0 25.2 26.8 7.5 50.6 -2.5 

Upper-Middle-Income 

Countries 

112,798 28,527 18,960 6,623 65,742 -432 

 100.0 25.3 16.8 5.9 58.3 -0.4 

High-Income Non-OECD 

Countries 

264,998 59,096 80,104 72,074 111,793 14,005 

 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 27.7 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. 

 
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 



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

M.A. Markosyan 

CAPITALIZATION OF NATIONAL WEALTH: KEY CHALLENGES AND DEVELOPMENT OPPORTUNITIES 

 

71 

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)18. 

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. 

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 

 

Countries and Income-

Classified Country Groups 
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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 31.6 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 43.7 -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 37.4 5.0 0.1 60.6 -3.0 

Moldova 31,608 22,601 3,833 8 6,719 -1,553 
 

100.0 71.5 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 22.2 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 23.3 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 4.3 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 1.5 0.6 63.8 -0.8 

World 160,167 49,950 4,948 4,026 101,797 -554 

  100.0 31.2 3.1 2.5 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. 

 
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. 
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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 202019 

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. 

https://openknowledge.worldbank.org/handle/10986/36400
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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. 

 

 
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. 



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

M.A. Markosyan 

CAPITALIZATION OF NATIONAL WEALTH: KEY CHALLENGES AND DEVELOPMENT OPPORTUNITIES 

 

76 

▪ 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 this20. 

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 Law21 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)22. 

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. 

https://www.arlis.am/
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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%23 

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. 

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: 

▪ Identify 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)24 
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1990 57.4 17.8 6.9 31.7 14.9 16.8 100.0 

1991  52.5 8.1 1.9 41.3 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 14.3 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 49.3 14.4 34.9 100.0 

1998  41.3 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 14.3 32.6 100.0 

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 40.3 100.0 

2012  34.5 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 54.3 13.0 41.2 100.0 

2019  33.3 13.0 0.3 53.4 12.3 41.1 100.0 

2020  35.2 12.3 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. 

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.  
 

 
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)25 

 
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. 

 

Average Annual Population 

Thousand People Percentage 

1980 1985 1988 1989 1980 1985 1988 1989 

Entire Population, 

Including Per Capita 

Total Income per 

Month, Rubles 

3112 3349 3479 3335 100 100 100 100 

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 1117 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 

https://www.armstat.am/file/doc/99507078.pdf
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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 

Middle-Income 

Groups (100–175) 
861 1287 1549 1537 27.7 38.4 44.6 46.1 

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 

(175–Above 250) 
140 321 551 781 4.5 9.5 15.8 20.4 
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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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КАПИТАЛИЗАЦИЯ НАЦИОНАЛЬНОГО БОГАТСТВА: КЛЮЧЕВЫЕ 

ПРОБЛЕМЫ И ВОЗМОЖНОСТИ РАЗВИТИЯ 

 

М. А. Маркосян 

Институт экономики имени М. Котаняна, НАН РА 

 

Обеспечение государственных публичных финансов, а также повышение их 

эффективности и объёмов, рост благосостояния населения и развитие национальной 

экономики обусловлены рядом факторов и предпосылок, которые как в настоящее время, 

так и в долгосрочной перспективе предопределяют основные стратегические 

направления социально-экономического прогресса. Для обеспечения всестороннего 

развития общества и укрепления государства необходимо не только достижение 

достаточного уровня потребления, но и обеспечение достаточной нормы накопления, 

которая лежит в основе дальнейшего развития и расширенного воспроизводства. Если 

не обеспечивается этот естественный процесс воспроизводства, общество лишается 

гарантий дальнейшего развития, что может привести к подрыву безопасности страны и 

провалу экономической политики государства. Иными словами, с точки зрения 

перспективного развития необходимо наличие определённых финансовых, материально-
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технических, трудовых ресурсов и природных запасов, которые могут обеспечить 

дальнейший социально-экономический прогресс. Таким образом, формирование и 

приумножение национального богатства страны приобретает не только экономическое, 

но и политическое значение и важность. 

Состояние и процесс экономического прогресса и расширенного воспроизводства 

характеризуются с помощью ряда макроэкономических агрегированных показателей. 

Среди них важное место занимает расчёт валового внутреннего продукта (ВВП) с 

различными модификациями (например, объём, темпы роста, ВВП на душу населения и 

др.), национального дохода, валового национального дохода и других 

макроэкономических показателей в их различных преобразованиях. 

Однако основным недостатком указанных показателей является то, что они, 

образно говоря, отражают текущее состояние развития страны, не раскрывая её 

потенциала и возможностей социально-экономического развития. Этот существенный 

пробел восполняется показателем национального богатства. 

В настоящее время для определения и расчёта национального богатства 

используются единые методологические рекомендации Всемирного банка. 

Национальное богатство является неотъемлемой частью Системы национальных счетов 

(СНС). СНС служит основой для расчёта экономического роста правительствами, 

частным сектором, международными организациями и другими заинтересованными 

сторонами. 

Национальный доход и благосостояние основываются на активах или богатстве 

страны, которые рассчитываются по различным критериям. Национальное богатство 

включает в себя следующие четыре компонента: произведённый капитал, природный 

капитал (ресурсы), человеческий капитал и чистые внешние активы. 

Из сказанного следует, что основным источником увеличения национального 

богатства страны является рост валового внутреннего продукта. Одним из методов 

расчёта объёма ВВП — как основного макроэкономического показателя оценки 

экономического потенциала (мощности) страны — является метод затрат. В статье 

рассматриваются вопросы распределения и перераспределения национального богатства 

и их влияние на формирование доходов различных групп населения. 

 

Ключевые слова: национальное богатство, доходные группы, государственные 

публичные финансы, экономический рост, ВВП, темпы роста ВВП на душу населения. 
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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 

mailto:arustamyanartak@gmail.com
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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: 

1. 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. 

2. 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. 

3. 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. 

4. 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. 

5. 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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6. 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. 

7. 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). 

8. 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: 

1. Apply via the special migration portal (workpermit.am); 
2. Pass a labor market test (to prove there is no suitable local candidate); 
3. 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 
(Total) 

Informality in 
Construction 

Characteristics 

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% 

(progressive) 
~12% ~15% Licensing, high minimum 

wage, labor rights 
Germany [13] Up to 45% 

(progressive) 
~5–6% ~10% High public trust, strong 

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: 
1. The construction sector has historically been a hub of informal labor, involving both local and 

foreign workers without formal registration. 
2. The reduction of the income tax rate (23% → 20%) has positively influenced wage 

formalization and increased the number of registered employees. 
3. From 2020 to 2024, the number of officially registered construction workers nearly doubled, 

indicating a clear trend toward formalization. 
4. Average wages in the sector rose significantly — reaching AMD 376,000 by 2024. 
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5. Cash transaction limitations helped reduce shadow turnover, although they also led to the 
creation of new avoidance schemes. 

6. 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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ԵԿԱՄՏԱՅԻՆ ՀԱՐԿԻ ԲԱՐՁՐ ԴՐՈՒՅՔԱՉԱՓԻ ԲԱՑԱՍԱԿԱՆ ԴԵՐԸ ՀՀ 
ՇԻՆԱՐԱՐՈՒԹՅԱՆ ՈԼՈՐՏՈՒՄ ՈՉ ՖՈՐՄԱԼ  ԶԲԱՂՎԱԾՈՒԹՅԱՆ 

 ԿՐՃԱՏՄԱՆ ԳՈՐԾՈՒՄ 
 

Ա.Վ. Առուստամյան  
Հայաստանի պետական  տնտեսագիտական համալսարան 

 
Հոդվածում ներկայացվում է ՀՀ շինարարության ոլորտում՝ 2014-2024 թվականներին եկամտային հարկի 

բարձր դրույքաչափի  ազդեցությունը ոչ ֆորմալ զբաղվածության վրա: Պաշտոնական  վիճակագրական 
տվյալների հիման վրա վեր են լուծվել  շինարարության ոլորտի մասնաբաժինը ՀՆԱ-ում, շինարարական 
աշխատանքների ծավալի դինամիկան, ոլորտում զբաղվածության և միջին աշխատավարձի ցուցանիշների 
շարժընթացը։ Ներկայացված են առաջարկություններ՝ Հայաստանի շինարարության ոլորտում ոչ ֆորմալ 
զբաղվածության կրճատման վերաբերյալ, այդ թվում՝ հարկային քաղաքականության կատարելագործման, 
աշխատանքի ընդունման ընթացակարգերի պարզեցման և վերահսկողության ուժեղացման միջոցով։ 
 
  Բանալի բառեր՝ ոչ ֆորմալ զբաղվածություն, եկամտային հարկ, շինարարության ոլորտ, ստվերային 
տնտեսություն, հարկային բարեփոխում, ոչ ֆորմալ զբաղվածություն։ 
 
 

ОТРИЦАТЕЛЬНАЯ РОЛЬ ВЫСОКОЙ СТАВКИ ПОДОХОДНОГО НАЛОГА В 
СОКРАЩЕНИИ НЕФОРМАЛЬНОЙ ЗАНЯТОСТИ В СТРОИТЕЛЬНОМ 
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Армянский государственный экономический университет 

 
В статье представлен анализ влияния высокой ставки подоходного налога на 

уровень неформальной занятости в строительном секторе Республики Армения в 2014–
2024 гг. На основе официальных статистических данных рассмотрены доля 
строительной отрасли в ВВП, динамика объёмов строительных работ, изменения уровня 
занятости и средних заработных плат в секторе. Представлены рекомендации по 
сокращению неформальной занятости в строительной отрасли Армении, включая 
совершенствование налоговой политики, упрощение процедур найма и усиление 
механизмов контроля. 
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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 [1] and resource 

management mechanisms such as cgroups2 [2]. Optimizing the size of a quantum of processor 

time is especially relevant in multitasking computing environments, for example, in distributed  

 
1 O (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 I/O, network, etc.) at the process collection level. 

mailto:t.jamharyan@polytechnic.am
https://doi.org/10.56243/18294898-2025.2-
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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 

OS Scheduler 

Quantum of processor time (ms) 

Note 
Server OS 

version 
Client OS 

version 

Ubuntu CFS 10-100 4-10 
Use cgroups for priority 

management 

Debian CFS 10-100 4-10 Similar to Ubuntu 

openSUSE CFS/EEVDF 
10-100 
4-10 

6-15 
Optimized for server and 

desktop solutions 

Red Hat CFS/EEVDF 
10-100 
4-10 

6-15 
Use cgroups and rtprio to 

manage priorities 

Fedora CFS 
10-100 
6-10 

10-12 
It is possible to change 

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 

quantum, 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 cluster3 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. 

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]. 

 
Fig. 2 Checking available CPU cores on a single node 

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

 
Fig. 4 System timer value 25 ms  

 
Fig. 5 System timer value 30 ms  
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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 

 
Fig. 6 System timer value 100 ms  

 

 
Fig. 7 Verifying the change of system timer values 

  
Fig. 8 Process execution priority thresholds 

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

 

 

                                                                                                                                          Table 3 

Neural network training speed with synchronized values of the processor  

time quantum and the enabled batching change script 

 

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. 

 

Ubuntu 

Server 

22.04 

 
 

Value of 

quantum of 

processor 
time 

(ms).  

Based on CFS 

algorithm 

Convolutional Neural Network 

Learning Rate Increment (%) / 
Accuracy (%) 

The value of 

the quantum 
of processor 

time 

(ms). 

Fixed values 

Convolutional Neural Network 

Learning Rate Increment (%) / 
Accuracy (%) 

Number of layers Number of layers 

3 5 7 3 5 7 

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

.57/87 
1.57/87 

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 

Ubuntu Server 22.04 

The value of the 

quantum of 

processor 
time 

(ms). 

Fixed values 

Convolutional Neural Network Learning Rate Increment 

(%) / Accuracy (%) 

Number of layers 

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 
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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 

 
Fig. 10 Learning speed using CFS 

 
Fig. 11 Learning speed for a fixed value of the  

quantum of processor time 
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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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ИССЛЕДОВАНИЕ МОДЕЛИ ПОВЫШЕНИЯ СКОРОСТИ  

ОБУЧЕНИЯ НЕЙРОННОЙ СЕТИ В ОПЕРАЦИОННОЙ СИСТЕМЕ LINUX 

 

Т.В. Джамгарян  

Национальный политехнический университет Армении 

 

В статье исследуется влияние изменения длительности кванта процессорного 

времени на эффективность обучения искусственных нейронных сетей в среде ОС Linux. 

Рассматривается скорость обучения свёрточной нейронной сети при различных 

параметрах вычислительного кластера. Полученные результаты демонстрируют 

возможности оптимизации обучения искусственных нейронных сетей в многозадачной 

среде, повышая общую вычислительную эффективность.  

 Проведен детальный анализ взаимосвязи между стратегиями распределения 

ресурсов и скоростью обучения, а также предложены рекомендации по настройке ОС 

Linux систем для работы с искусственными нейронными сетями. 
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batching, completely fair scheduler, mathplotlib, failover cluster. 

 

Submitted on 14․11.2024 

Sent for review on 20.11.2024  

Guaranteed for printing on 26.07․2025 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

109 

    . 

      

  

 ,  ,  , 

 ,  ,   

 

       

     , , 

       

,      

       

        

   ,       

 ,      

      ,    

         

       

       

    ,    

,   ,     

 ,       

       ,  

        

    ,    

  :       

     

   :  

  

       

 ,       : 

      , 

          

   : 

      , 

,      

    :    

        

     



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

110 

        

   :     

     . 

1.       

  ,       

2.     ,    

.     , 

       

3.   (  ,   ,  

)     : 

4.      (  

   «ICOLD»-  )    

    

     

  

▪   ( , , , )․ 

▪     ․ 

▪      ․ 

▪   (  , ,  ) 

․ 

▪       

(  )  

      

   . 

▪   . 

, , , , , 

       

▪   .  

  ,    , 

  : 

▪   . 

  ,  , 

  

▪   . 

  ,  , 

  ,    

▪   . 

   ,  ,    

  



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

111 

▪  . 

, ,  ,  

 

 -       100   

,          

 

     (2010 ․) 6.2   

 ,        

     895      

1700  -      20   

    ( , 2019),  

    ,  270  

:       

   7  :       

 ,   ,   

 ,    :   

    ,     

,         

  : 

 -  -  (  ,  2009)  

     75 ,     

        

        

 ,    -   

       40    

20-          

  (1975 .): « »       

        

 170  : , 1975  ,   1.5  , 

      10  :    

   ,   :    

   ,    

      

: 

  ( , ) 2017 ,   

       ,  

  180   ,  ,  

,        

1.1      ,     



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

112 

     ,  

        

   

         

 ,      

    

       

      . 

▪    ․ 

▪      ․ 

▪    ( , , 

)․ 

▪   ,    , 

  

       ,   

   ,   ,  

      

 

 ․ 

 ,       , 

 , ,   ( )  

       

  :  

 ,     

     

  

 

      

  

▪  

▪  

▪  

▪  

▪  

▪   

▪  

▪  

▪   



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

113 

▪  

▪  

▪  

▪  

 

      

  

     

    ,    

:     

 

  

-  

 ․ 1-

 

 
․  

 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

114 

 

    (AWH)     

  ,   ,   

 

  

( -

       

     

  : 

 140 x 48     5000 

 

 ․ 2): 

 
․ 

-  

 

 

: 

  



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

115 

( ․ 3): 

 
․ 

 

  

 

       

       

   :  ,    ,   : 

        ,   

   : ,     

  ,       

        

 ,  ,   , 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

116 

,  ,         

   

 ․ 4) 

․ 

․  

 
․ 

 

 
․ 

 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

117 

 

․ 

 

    «Artelia»   

    ( ) ( ․ 7)  

 
․ 7   «Artelia»   

  ( ) 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

118 

     

    30 ,        

       

  ( ․ 8):      

 ,     

       

: 

 
․ 8  

 

 

    ․ ․    

      

         

        

 30  ,      

    ( ․ 9)  L   

 ,      

       

,    :     

      , 

,     

:  



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

119 

 
․  

․ ․  

 

 

   

 ,            

,    ,       

  :     

   ,     

,  ,  ,   

  ,  :  

      

▪       

   ( ,  , ,  

)  

▪   (  ,    

( ),  )  

▪    

 

         ․ 10-  

 1 20   



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

120 

   ( )    

 ․ 11-   1 68   

 
․ 10  

 

 
․ 11  

 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

121 

    ( ) 

    ․ 12-   1 33   

 
․ 12  

 

 

    

  (   )   

 ,       

  ,  ,    

   ( , ,   

 ),      ,  

        

         

        

      ,  

        

  

      

     ,    

    100   , 2000-     

  ,        

         

  ,    ,  

     ,   

    ,   



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

122 

  ,      

         

   ,   

▪   ․ 

▪        ․ 

▪       ․ 

▪ լ    ․ 

▪     ․ 

▪       

  

    ,   

           

 `  ,   ( )  

         

: 

     

         

    ( )    

  ( ) :     

          

 ,      , 

    : 

   ,   ,   

   : , -

 -      

       

  ,      

`   :  

« »      ,  

       [4]:  

« »       

         

          

:         

     :  ,    

     ,   ,  

    :      



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

123 

     ,     -

   :  

« »      . 13- : 

 

.13 « »   

, « »    

   ( ․ 14)   

 
. 14. « »    

   ( )       

 

      

,         



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

124 

    . .      

     ( ․ 

15)   

     . 

1.   . 

2.     `     

. 

3.   ,    

   . 

4.        

  . 

5.    ,  « -

»   (    

  `     

):  

 

Նկ. 15       

     . .   

      

   

 

    ,  

          



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

125 

        

  :        

     ,    

          

( )  : 

      

        

  `    

:  ,      

  1      

      46  3 :      

        ,  

       9000  

: 

 . .      

    

        

   (նկ․ 16)։ 

 

. 16  . .      

    

       

     



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

126 

1995 .    -  ( )   

  ,  ,      

          

      . . 

       

   -  1999 .    

 . .      

    

,       

       ( .17)  

 
․ 17  . .      

     

     

 

  ,      , 

         

 (     50%)       

 ,         

    2   ,      

        

      

        

       



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

127 

       

  

    

         

         

       ( ․ 18, ․ 19)  

 
. 18.       

   1:140 ( ․), 1:100 ( ․) 

 
․ 19  . .      

     

      (  

   , , , ) 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

128 

       

        , 

      ,   

             

    

 

   

  ,       

        

  ,      

      

      

     :   

         , 

       

        

:         

:  , ,    

 ,        

        

 ,       

    : 

 
․ 20  . .      

    

     



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

129 

   

  

 

       

     ,   

       

         

 : 

 

     

      : 

      

    ,    

     

       

    

        , 

      : 

  

  [8]. 

  

 

2)    

 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

130 

     

       

 3    

      

        

       

       

  :  

   , 

 ,     . 

▪       , 

▪    , 

▪ , ,    

      

: 

      

       

   ,       

     ( )  

  :  

      ,  

 ,     

  ( ) :    

      ,   

,    ,  

,    :   

      

  

     

   . .    

     

 ,      

     

    

    , ,   

  ,      

   -     

 :      

 ,  , «  »,   

         

    : 



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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

131 

       

     ,    

    

 

. 

1.        

     

         

      

2.     ,     

      

       

    :  

        

 :      

      

3.         

       

   ․ 

▪   , 

▪   , 

▪   , 

▪     

 

 

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

2. Сила воды в руках человека: к 100-летию ВНИИГ им. Б.Е. Веденеева. — Москва: 

«Современные информационные системы», 2021. — 304 с. 

3. В Таджикистане через 30 лет простоя заработала лаборатория гидравлики 

//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.          

    

  // .23.05 - «    

 »    

   հայցման ատենախոսություն, Երևան, 2015թ․- 

221 էջ։  

http://www.asiaplustj.info/ru/news/tajikistan/society/20250124/v-tadzhikistane-cherez-30-let-prostoya-zarabotala-laboratoriya-gidravliki
http://www.asiaplustj.info/ru/news/tajikistan/society/20250124/v-tadzhikistane-cherez-30-let-prostoya-zarabotala-laboratoriya-gidravliki


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

 ,  ,  , 

 ,  ,   

    .    

      

(Հրատարակվել է Բարձր Տեխնոլոգիաների տեղեկագրում՝ N2 (34), 2025, էջ՝ 3-26) 

 

132 

6. Брэдлоу Д. Нормативноправовая база безопасности плотин / Дэниэл Д. Брэд лоу, 

Алессандро Пальмиери, Салман М.А. Салман; пер. с англ.; ред. и предисл. проф. 

Л.А. Золотова. — Всемирный банк Вашингтон (округ Колумбия) //Издательство 

«Весь Мир», М։ 2003. — 196с. 

7.     

,       

  //   31․07․2003․, N957-   

8.    // -373-  

9.       

   //   08․05․2003․, N686-   

 

      

 (       )  

       

info@bulletin.am   

 

mailto:info@bulletin.am


Bulletin of High Technology N 2 (34) 2025.-p. 133-135․    
CONTENTS   

 

133 

1 Markosyan A.Kh., 
Khachaturyan V.G., 
Baljyan P.H., 
Margaryan A.Ya, 
Gabayan G.S., 
Tokmajyan H.V.  

ECONOMIC DAMAGE FROM ACCIDENTS AT HYDRAULIC 
STRUCTURES – WORLD EXPERIENCE AND PREVENTIVE 
METHODS OF PROTECTION IN THE REPUBLIC OF 
ARMENIA 

 

3 

2 Margaryan A.Ya.,   
Grigoryan D.H.,  
Vartanyan A.A. 
Avanesyan E.V.,  
Martirosyan G.H. 
Tokmajyan V.H 

HYDRAULIC CALCULATION OF ARTESIAN BASIN WATER 
RESOURCES ARTIFICIAL RECHARGE IN MOUNTAIN 
RELIEF CONDITIONS 

 

27 

3 Berdnik T.O.    COMMUNICATIVE-AESTHETIC ASPECT  
OF PHOTOGRAPHY IN DESIGN 

37 

4 Markosyan M.V. 
Ayvazyan H.H. 

NEW TECHNOLOGIES FOR DIAGNOSTICS AND 
REDUCTION OF INTENSITY OF SURFACE WIND OF HIGH-
RISE BUILDINGS 

 

45 

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

53 

6 Markosyan M.A. CAPITALIZATION OF NATIONAL WEALTH: KEY 

CHALLENGES AND DEVELOPMENT OPPORTUNITIES 
 

63 

7 Arustamyan A.V. INCOME TAX AS A KEY REGULATORY TOOL IN 
ARMENIA’S CONSTRUCTION SECTOR 

 

89 

8 Jamgharyan T.V. SEARCH OF MODEL FOR INCREASE LEARNING SPEED OF  
 A NEURAL NETWORK IN THE LINUX OPERATING SYSTEM 

 

99 

9 Debate platform ECONOMIC DAMAGE FROM ACCIDENTS AT HYDRAULIC 
STRUCTURES – WORLD EXPERIENCE AND PREVENTIVE 
METHODS OF PROTECTION IN THE REPUBLIC OF 
ARMENIA 

 

109 

 

  



Bulletin of High Technology N 2 (34) 2025.-p. 133-135․    
CONTENTS   

 

134 

1 Մարկոսյան Ա․Խ․, 
Խաչատուրյան Վ․Գ․, 
Բալջյան Պ․Հ․ 
Մարգարյան Ա․Յա․, 
Գաբայան Գ․Ս․, 
Թոքմաջյան Հ․Վ․ 

ՀԻԴՐՈՏԵԽՆԻԿԱԿԱՆ ԿԱՌՈՒՑՎԱԾՔՆԵՐԻ ՎԹԱՐՆԵՐԻ 
ՏՆՏԵՍԱԿԱՆ ՎՆԱՍԸ. ՀԱՄԱՇԽԱՐՀԱՅԻՆ ՓՈՐՁԸ ԵՎ 
ՊԱՇՏՊԱՆՈՒԹՅԱՆ ԿԱՆԽԱՐԳԵԼԻՉ ՄԵԹՈԴՆԵՐԸ 
ՀԱՅԱՍՏԱՆԻ ՀԱՆՐԱՊԵՏՈՒԹՅՈՒՆՈՒՄ 

 

3 

2 Մարգարյան Ա․Յա․, 
Գրիգորյան Դ․Հ․, 
Վարտանյան Ա․Ա․, 
Ավանեսյան Է․Վ․, 
Մարտիրոսյան Գ․Հ․, 
Թոքմաջյան Վ․Հ․ 

ԼԵՌՆԱՅԻՆ ՌԵԼԻԵՖԻ ՊԱՅՄԱՆՆԵՐՈՒՄ ԱՐՏԵԶՅԱՆ 
ԱՎԱԶԱՆԻ ՋՐԱՅԻՆ ՌԵՍՈՒՐՍՆԵՐԻ ԱՐՀԵՍՏԱԿԱՆ 
ԼԻՑՔԱՎՈՐՄԱՆ ՀԻԴՐԱՎԼԻԿԱԿԱՆ ՀԱՇՎԱՐԿԸ 

 

27 

3 Բերդնիկ Տ․Օ․ ԴԻԶԱՅՆՈՒՄ ԼՈՒՍԱՆԿԱՐՉՈՒԹՅԱՆ ՀԱՂՈՐԴԱԿՑԱԿԱՆ- 
ԳԵՂԱԳԻՏԱԿԱՆ ԱՍՊԵԿՏԸ 

 

37 

4 Մարկոսյան Մ․Վ․, 
Այվազյան Հ․Հ․ 

ԲԱՐՁՐԱՀԱՐԿ ՇԵՆՔԵՐԻ ԳԵՏՆԱՄԵՐՁԱՅԻՆ ՔԱՄԻՆԵՐԻ 
ՆՎԱԶԵՑՄԱՆ և ԱԽՏՈՐՈՇՄԱՆ ՆՈՐ ՏԵԽՆՈԼՈԳԻԱՆԵՐ 
 

45 

5 Ազատյան Լ․Հ․ ԱՇԽԱՏԱՇՈՒԿԱՅԻ ՀԵՌԱՆԿԱՐՆԵՐԸ ՖԻՆԱՆՍԱԿԱՆ 
ՈԼՈՐՏՈՒՄ ԹՎԱՅԻՆ ՏԵԽՆՈԼՈԳԻԱՆԵՐԻ ՆԵՐԴՐՄԱՆ 
ԱՐԴՅՈՒՆՔՈՒՄ 
 

53 

6 Մարկոսյան Մ․Ա․ ԱԶԳԱՅԻՆ ՀԱՐՍՏՈՒԹՅԱՆ ԿԱՊԻՏԱԼԱՑՈՒՄԸ․ 
ՀԻՄՆԱԽՆԴԻՐՆԵՐ ԵՎ ԶԱՐԳԱՑՄԱՆ 
ՀՆԱՐԱՎՈՐՈՒԹՅՈՒՆՆԵՐ 

 

63 

7 Առուստամյան Ա․Վ․ ԵԿԱՄՏԱՅԻՆ ՀԱՐԿԻ ԲԱՐՁՐ ԴՐՈՒՅՔԱՉԱՓԻ ԲԱՑԱՍԱԿԱՆ 
ԴԵՐԸ ՀՀ ՇԻՆԱՐԱՐՈՒԹՅԱՆ ՈԼՈՐՏՈՒՄ ՈՉ ՖՈՐՄԱԼ  
ԶԲԱՂՎԱԾՈՒԹՅԱՆ ԿՐՃԱՏՄԱՆ ԳՈՐԾՈՒՄ 

 

89 

8 Ջամղարյան Թ․Վ․ ՆԵՅՐՈՆԱՅԻՆ ՑԱՆՑԻ ՈՒՍՈՒՑՄԱՆ ԱՐԱԳՈՒԹՅԱՆ 
ԲԱՐՁՐԱՑՄԱՆ ՄՈԴԵԼԻ ՀԵՏԱԶՈՏՈՒԹՅՈՒՆ LINUX 
ՕՊԵՐԱՑԻՈՆ ՀԱՄԱԿԱՐԳՈՒՄ 
 

99 

9 Բանավեճի հարթակ ՀԻԴՐՈՏԵԽՆԻԿԱԿԱՆ ԿԱՌՈՒՑՎԱԾՔՆԵՐԻ ՎԹԱՐՆԵՐԻ 
ՏՆՏԵՍԱԿԱՆ ՎՆԱՍԸ. ՀԱՄԱՇԽԱՐՀԱՅԻՆ ՓՈՐՁԸ ԵՎ 
ՊԱՇՏՊԱՆՈՒԹՅԱՆ ԿԱՆԽԱՐԳԵԼԻՉ ՄԵԹՈԴՆԵՐԸ 
ՀԱՅԱՍՏԱՆԻ ՀԱՆՐԱՊԵՏՈՒԹՅՈՒՆՈՒՄ 

109 

 

  



Bulletin of High Technology N 2 (34) 2025.-p. 133-135․    
CONTENTS   

 

135 

1 Маркосян А.Х., 
Хачатурян В.Г., 
Балджян П.О.,  
Маргарян А.Я.,  
Габаян Г.С.,  
Токмаджян О.В. 

ЭКОНОМИЧЕСКИЙ УЩЕРБ ОТ АВАРИЙ НА ГИДРОТЕХНИЧЕСКИХ 
СООРУЖЕНИЯХ – МИРОВОЙ ОПЫТ И ПРИМЕНТИВНЫЕ МЕТОДЫ 
ЗАЩИТЫ В РЕСПУБЛИКЕ АРМЕНИЯ 

 

3 

2 Маргарян А.Я., 
Григорян Д.Г., 
Вартанян А.А., 
Аванесян Э.В., 
Мартиросян Г.А., 
Токмаджян В.О. 

ГИДРАВЛИЧЕСКИЙ РАСЧЕТ ИСКУССТВЕННОГО ПОПОЛНЕНИЯ 
ВОДНЫХ РЕСУРСОВ АРТЕЗИАНСКОГО БАССЕЙНА В УСЛОВИЯХ 
ГОРНОГО РЕЛЬЕФА 
 

27 

3 Бердник Т.О. 
 

КОММУНИКАТИВНО-ЭСТЕТИЧЕСКИЙ АСПЕКТ ФОТОГРАФИКИ В 
ДИЗАЙНЕ 

37 

4 Маркосян М.В., 
Айвазян Г.Г. 

НОВЫЕ ТЕХНОЛОГИИ ДИАГНОСТИКИ И СНИЖЕНИЯ  
ИНТЕНСИВНОСТИ ПРИЗЕМНОГО ВЕТРА ВЫСОТНЫХ ЗДАНИЙ 

45 

5 Азатян Л.А. ПЕРСПЕКТИВЫ РЫНКА ТРУДА В РЕЗУЛЬТАТЕ ВНЕДРЕНИЯ 
ЦИФРОВЫХ ТЕХНОЛОГИЙ В ФИНАНСОВУЮ СФЕРУ 
 

53 

6 Маркосян М.А. КАПИТАЛИЗАЦИЯ НАЦИОНАЛЬНОГО БОГАТСТВА: КЛЮЧЕВЫЕ 
ПРОБЛЕМЫ И ВОЗМОЖНОСТИ РАЗВИТИЯ 

63 

7 Арустамян А.В. ОТРИЦАТЕЛЬНАЯ РОЛЬ ВЫСОКОЙ СТАВКИ ПОДОХОДНОГО 
НАЛОГА В СОКРАЩЕНИИ НЕФОРМАЛЬНОЙ ЗАНЯТОСТИ В 
СТРОИТЕЛЬНОМ СЕКТОРЕ РЕСПУБЛИКИ АРМЕНИЯ 

 

89 

8 Джамгарян Т.В. 
 

ИССЛЕДОВАНИЕ МОДЕЛИ ПОВЫШЕНИЯ СКОРОСТИ  
ОБУЧЕНИЯ НЕЙРОННОЙ СЕТИ В ОПЕРАЦИОННОЙ СИСТЕМЕ 
LINUX 
 

99 

9 Платформа для 
дебатов 

ЭКОНОМИЧЕСКИЙ УЩЕРБ ОТ АВАРИЙ НА ГИДРОТЕХНИЧЕСКИХ 
СООРУЖЕНИЯХ – МИРОВОЙ ОПЫТ И ПРИМЕНТИВНЫЕ МЕТОДЫ 
ЗАЩИТЫ В РЕСПУБЛИКЕ АРМЕНИЯ 

 

109 

 


	0Titul N2 2025
	1 enՄարկոսյան-Խաչատուրյան-Թոքմաջյան-աշխ․
	2 en Margaryan, Grigoryan
	3 Berdnik.docx
	4 Markosyan Mher.docx
	5 Ազատյան Լւսինե
	6 Markosyan Mer
	7 Arustamyan
	8 Jamgharyan F
	9 Բանավեճի հարթակ F
	10 bov.docx

