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The paper presents the results of using polymer-mineral material (PMM) to retain water in the soil 

(substrate) in order to increase its moisture content. The substrate, presented by Timiryazev Academy, is a 

mixture of soil with additives of manure and peat for growing fruit tree seedlings. Various experiments were 

carried out to determine the moisture content in such a substrate both without additives of PMM and with its 

addition in various proportions and in different ways. The dynamics of decreasing the moisture content in 

containers due to filtration and evaporation was measured. Containers with such mixtures were filled with water 

until the substrate reached its maximum amount then it was analyzed how much water flows from the holes at the 

bottom of the container and how much evaporates from the surface of this substrate over time. As a result of the 

experiments, the possibility of obtaining an additional amount of water in the substrate surpassing its moisture 

content was revealed and it is also shown how this additional amount of water is stored for a long time in 

comparison with the substrate without PMM which allows not only to accumulate additional moisture but also to 

reduce the coefficients of filtration and evaporation of the soil. 

  

Key words: water, irrigation, plant, ground, filtration, polymer, additive. 

 

Introduction 

Plants will be grown for quite a long time under natural conditions in agriculture often without 

additional irrigation, so the efficient use of solar energy and moisture from rainfall and groundwater 

are the most important tasks in many arid regions of the Earth, particularly in Armenia. For normal 

growth the plants also need water, nutrients, air in addition to light and heat which they receive from 

the soil and the environment. In particular, solar energy and nutrients in the soil are quite enough for 

the regions of Armenia, but water problems often arise here. Additional water for plants is necessary 

not only for more growth and high yield but also just for survival. 

High yield of cultivated crops is the most important characteristic of agriculture which 

influences on their cost price and increases the competitiveness of agricultural production. Water and 

air in cultivated structural soil provide all the vital processes in plants and the vital activity of great 

number of microorganisms as well which are in the plants and provide the necessary technological 

processes for their growing. Therefore, due to lack of water, the productivity of many plant species 

under rain fed conditions is significantly lower than that in irrigated soils of the same region. 

Rain fed lands (rain fed fields, rain fed agriculture) – are lands in the zone of irrigated 

agriculture on which crops are cultivated without artificial irrigation, i.e. they mainly use moisture 

which the soil gets in spring. Mostly these lands are located in foothill plains and margins of oases 

where drought-resistant corn, food and garden plants are grown. 

Therefore, in the territories of land where crops are cultivated without artificial irrigation, the 

use of polymer-mineral material (PMM) will improve the water regime which may lead to increased 

yields by reducing the root system of grown plants and reducing the coefficients of filtration and soil 

evaporation. In particular, the use of polymer-mineral material in soil under rainfed conditions will 

ensure the rapid growth of trees and increase their viability. 

Thus, when growing plants are in rainfed conditions, the main reason of the low yield is water 

shortage, therefore, in the regions of Armenia, where annual rainfall is 250-450 mm, agriculture is 

carried out by using artificial irrigation. In foothill and mid-mountain zones where the average annual 
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precipitation is 450-650 mm, agriculture is carried out mainly without artificial irrigation. However, 

often recurring natural disasters such as drought, hail and others, cause serious damage to agriculture, 

creating the danger of desertification of lands. 

The reason for the decrease of moisture in soil in natural conditions is not only the high 

temperature of the environment and small amount of precipitation, but also human anthropogenic 

impact. The increase in the capacity of agricultural machinery, the intensity of agriculture, the depth of 

cultivation and intensified loosening and traditional furrow turning create conditions for soil 

degradation and thereby difficult conditions for the survival and growth of plants. In this regard, 

minimal and zero tillage is of great importance using effective agro technical activities such as 

scientifically based crop rotation, the use of organic fertilizers and ameliorants which not only allow 

the plant to survive but also produce high yields. At different times, specialists of agriculture often 

made attempts to quickly improve the physical properties of the soil with the help of various 

ameliorants in addition to traditional methods [1-6]. The authors of this study consider purposeful to 

use polymer-mineral material (PMM) as ameliorant which is created by Research Institute of 

Mechanics of Moscow State University after M.V. Lomonosov. 

 

Conflict settings 

The aim of the study is to increase the moisture content of the soil and the possibility of 

retaining sufficient amount of additional water collected from precipitation and groundwater long 

before for the purpose of irrigation or sharply reduced irrigation regime of plant growth. The effects 

obtained from PMM can be used in the cultivation of various plants and will help to increase the 

productivity, to reduce production costs and to regulate the regime of water in the soil under rain-fed 

conditions. 

 

Research results 

The fertility of the soil depends on its structure, porosity, moisture content and absorption 

capacity which in its turn depends on the presence of colloidal particles (size 0,0001 mm or less) of 

organic and mineral origin. The more such particles, the greater the absorption capacity of the soil. 

Consequently, water and dissolved salts and gases are retained in the soil until the plant picks them up 

as its nutrition through its root system. A plant inevitably gradually dies in the soil in conditions of 

water and air deficit despite having a sufficient amount of nutrients. Therefore, it is necessary to 

provide a sufficient amount of water and air to the pores, which, depending on the type of soil, occupy 

about half of its volume determined by its moisture content (moisture content is the ability of the soil 

to accept and retain a certain amount of precipitation water in its fiber holes not allowing the latter to 

drain). 

Moisture content determines the amount of water in substrate at the moment of measuring.  

For effective farming medium sized pores (less than 3-5 mm) are desirable in the soil. Then in 

moist soil water will be stored in small pores and the air which is necessary for respiration of the root 

system of plants and microorganisms will be kept in large ones. The type of vegetation growing in the 

soil, relief, the processing system, the presence of winds, surrounding temperature etc. affect the level 

of soil moisture. 

The rate of soil filtration which is characterized by a parameter - the filtration coefficient, also 

has a significant effect on the level of soil fertility. 

Filtration coefficient is a characteristic of soil permeability in relation to certain filtered water; 

in case of the linear law of filtration it is equal to the rate of water filtration with a unit pressure 

gradient. 

Precipitation fallen to the surface of the earth is absorbed into the soil through large pores and 

then it is filtered inland through small pores and capillaries surrounding the particles of the earth. In 

sandy soils the filtration rate is much higher than in alumina. If the soil is rich in calcic compounds, 

then small particles, especially colloidal ones, stick together with each other forming sufficiently 
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strong porous grains that resist water erosion processes longer. Under natural conditions, medium-

sized pores are formed between the grains and such alumina acquire good filtration characteristics. 

The greater the porosity of the soil is, the more water is placed in it. This amount of water meets the 

criterion of soil moisture content which should be distinguished from the concept of water-holding 

ability of soil determined by the content of moisture remaining in the soil after complete water 

saturation until the final free squeeze. 

The property of the soil to retain water by absorption and capillary forces is called water 

retention capacity. The quantitative characteristics of water holding capacity are the moisture content 

and potential of soil moisture. The formation of productive moisture content in the soil is associated 

with water-holding ability. There is always moisture storage in the soil but not all of it is available for 

plants. 

Such important indicators as evaporation, buoyancy force of the soil etc. are also important for 

cultivated plants.   

So, all the physicochemical and biological properties of the soil are important for the growth of 

various plants which acquire their best indicators in structural soils where there is a sufficient amount 

of water and air at the same time. 

Restoration and preservation of the soil structure is carried out by agro - technical methods and 

by introducing artificial structure-forming agents into the soil. Agro - technical methods for improving 

soil structure include: sowing perennial grass, cultivation of ripening soil, liming acidic soils, gypsum 

treatment of saline soils and applying mineral and especially organic fertilizers. 

Traditional methods of preserving soil structure are based on deep tillage using intensive 

loosening, furrow turning and applying crop rotation and also using fertilizers, treating acid soils with 

calcic and gypsum treatment of saline soils. However, deep tillage of the soil with the use of intensive 

loosening and furrow turning leads to its rapid degradation. Nowadays the best conditions for both 

maintaining and improving soil structure and increasing fertility are created with minimal and zero 

tillage using scientifically based crop rotation and ameliorants and fertilizers as well. 

Therefore, in order to improve the physical properties of the soil for increasing yield and 

reducing cost price and improving the characteristics of cultivated plants in rainfed conditions as well, 

the task is set to regulate the water regime in the soil using ameliorants, particularly PMM material. 

The obtained  results can be guaranteed.   

Taking into account that it is difficult to ensure equal conditions for experiments in the field 

conditions, therefore, for obtaining reliable results the studies were carried out indoors at room 

temperature and humidity (wind, sun and temperature changes can significantly affect the speed of 

evaporation under natural conditions). 

Depending on the method and amount of the ameliorant, the following were determined: soil 

moisture content and the amount of accumulated water in the substrate over time. The experiments 

were conducted with soil without vegetation in order to exclude flow of one of the components of the 

fluid, namely, the moisture consumption by plants for their growth and surviving. In this case only two 

components were analyzed that affect the dynamics of the accumulated water in the substrate, 

associated with evaporation and leakage from the bottom of the container with many holes into which 

the substrate with PMM was placed. 

To determine the moisture content of the substrate a container with a mixture of PMM was 

placed in a bath tube of water to be filled to the maximum limit. The “dry substrate” was weighed in 

advance. The time for filling fluctuated from 15 minutes to a day. Further the container was placed on 

a solid surface with holes for out flowing of additional water after which it was weighed according to 

the difference between the results of measuring the mass of the dry mixture and thus the quantity of 

maximum (additionally) collected water was determined by soaked mixture.  

For example, if a container with a “dry” substrate weighed 315 g in which 15 g is the weight of 

the container and 300 g is the weight of either a pure substrate or a mixture of a substrate with PMM, 

then after soaking in a bath tube the container could weigh 450 g. So, the additionally collected water 
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in this case will be 450 - 315 = 135 g. Next, daily measurements of the mass of such substrate in the 

container were carried out and observations were made until the indicator on the scales again showed a 

mass approaching the dimension corresponding to the mass of the container with the mixture before 

the experiment began. The experiments were repeated several times. Below we bring  the average 

measurement indicators that demonstrate the effect of the use of PMM in the substrate. 

Let us enumerate the basic variants of mixing the substrate with PMM.   

1. Pure substrate without PMM for controlling the measurement of various variants of mixture.  

2. Definite amount of PMM equally mixed with substrate by the proportion of 1 to 4 (75 g PMM 

and  225 g substrate summing up the total weight of 300 g).  

3. On the bottom of the container 0,5 or 1 cm layer of PMM was put for reducing the water 

filtration    (the layer of PMM thicker than 2 cm is a good isolator and practically doesn’t let 

water out). 

4. Two layered amount: on the bottom of the container we put the layer of substrate mixed with 

PMM and on the top we put pure substrate without PMM.    

5. Multi layered (three layered) packing: on the bottom and top we put the substrate mixed with 

PMM and between them the pure substrate which provides reduced filtration and evaporation 

(fluid is poorly evaporated when soaked in PMM).   

6. «Slices» (rods made of PMM) with diameter of 0,5 - 1 cm and depth up to 10 cm into the 

substrate filled with PMM. The amount and sizes of rods are determined by the amount of 

PMM which is necessary to insert into the substrate for collecting additional badly evaporated 

water (particularly, 1 g. PMM absorbs up to 1,5 liter water). Diameter of the rod is limited 

such a way the bigger it is the slower the absorption of moisture is into PMM.  Increasing the 

amount of rods in their optimal fixed diameter leads to the increase of the surface for water 

absorption. On the top the rods are covered by the layer of substrate.   

Let us note that the mixture of the substrate with PMM has the property of multiple use and is 

not washed out with water (repeatedly watering or growing of new plants is possible in this mixture), a 

small concentration of PMM in the substrate should not lead to fading of the plant due to extra 

moisture, pores must be left in the substrate for air (minimum watering). 

 

Results of experiments  

Amount of water accumulated by the substrate in the container is determined as difference 

between the mass of the container with substrate at the time of measuring and the mass of the 

container before starting its soaking into the water in bath tube.  

Relative moisture content in the container is calculated as the relation of water amount to 

initial “dry” mass of substrate before it is wetted in the bath tube which is shown in percents.  

 

1 experiment  

300 g pure substrate is wetted at room temperature in the bath tube during 10-15 min. Total 

weight of accumulated water with soil comprised 430 g i.e. we additionally have 130 g of water. The 

results of the experiment are shown in Table 1. 

Table 1 

Days 0 1 2 3 4 5 6 14 17 18 20 

Water amount, g  130 100 90 85 80 75 70 40 30 25 0 

Relative moisture content,  % 43,33 33,33 30,00 28,33 26,67 25,00 23,33 13,33 10,00 8,33 0,00 

 

Conclusion 1:  The substrate absorbed an additional 130 g. water to the one that was before the 

experiment. The water completely evaporated and flowed out of the container in about 20 days 

(measurement accuracy of 1 gram, measurements were rounded to 5 grams). Obviously, in a container 

with a seedling, the amount of water would have decreased faster due to consumption for its life. 
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2 experiment   

A container weighing 20 g filled with a mixture of a total mass of 300 g, containing a substrate 

of 225 g mixed with 75 g PMM, after wetting in a bath tube with water for 15 minutes weighed 470 g, 

hence, the mass of additionally collected water is: 470 - 300 - 20 = 150 g. Thus, compared with 

experiment 1, 75 g PMM replacing 75 g substrate absorbed 20 g more water. The results of 

experiment are shown in Table 2. 

Table 2 

Days  0 1 2 3 4 5 6 14 17 18 20 

Water amount, g  150 135 130 125 120 115 110 65 50 45 40 

Relative moisture content,  % 50,00 45,00 43,33 41,67 40,00 38,33 36,67 21,67 16,67 15,00 13,33 

 

Conclusion 2: Mixture of substrate with PMM collected 20 g water more than without PMM 

and then after 20 days it kept 40 g more water which is badly evaporated and may be used for 

nourishing the plants.  

 

3 experiment  

We take two containers, put 25 g PMM on the bottom of the first container (approximately 0,5 

cm thick layer) and a substrate of 275 g was poured on top (total weight is 300 g.), weight of container 

is 15 g (total weight is 315 g. before watering) and put 50 g PMM on the bottom of the second 

container (layer is about 1 cm thick). Then both containers were placed in a bath tube with water. The 

results of the experiment are shown in Tables 3 and 4. 

Table 3 

Days  0 1 2 3 4 5 6 14 17 18 20 

Water amount, g  130 115 110 108 105 100 95 70 60 55 50 

Relative moisture content,  % 43,33 38,33 36,67 36,00 35,00 33,33 31,67 23,33 20,00 18,33 16,67 

 

Table 4 

Days  0 1 2 3 4 5 6 14 17 18 20 

Water amount, g  145 125 120 115 110 105 100 70 60 55 50 

Relative moisture content,  % 48,33 41,67 40,00 38,33 36,67 35,00 33,33 23,33 20,00 18,33 16,67 

 

Conclusion 3: The size of the PMM layer of 0,5 cm or 1 cm practically does not affect the 

amount of stored water at the end (50 g.) and in order to save PMM it can be put even less. Besides, at 

the beginning more water was collected where there was a layer of 1 cm. This is due to a decrease in 

filtration. The evaporation process prevailed over the process of filtration and water changes in the 

first and second cases over time mainly depended on evaporation and they turned out to be equal. 

Comparing these results with the first and second experiments, we can conclude that a relatively small 

amount of PMM laid on the bottom (25 and 50 g) allows us to save more water for longer time (50 g) 

than 75 g PMM mixed with a substrate (40 gr. water). For saving in the costs for PMM, we can put its 

even thinner layer with thickness of 1 to 3 mm. (for example, in the form of a cartridge of PMM 

between two layers of paper laid on the bottom of the container). 

 

4 experiment   

40 g PMM mixed with 120 g substrate (total 160 g.) was put on the bottom of the container and 

150 g substrate was poured on top (weight of the mass is 310 g, weight of container is 20 g), total 

weight is 330 g which is the weight of the container with the mixture before irrigation. The container 
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was placed in a bath tube filled with water for 15 minutes. The weight of the container was 465 g from 

which 135 g is the amount of additional water. The results of the experiment are shown in Table 5. 
 

Table 5 

Days  0 1 2 3 4 5 6 14 17 18 20 

Water amount, g  135 120 115 110 105 100 95 70 60 55 50 

Relative moisture content,  % 45,00 40,00 38,33 36,67 35,00 33,33 31,67 23,33 20,00 18,33 16,67 

 

Conclusion 4: Two-layer substrate (bottom layer of a mixture of PMM and substrate in a ratio 

of 1: 4 and top layer of a substrate of 150 g) allows us to collect additional water on one hand and 

reduces the filtration coefficient on the other hand compared to options 2 and 4 and allows us to save 

the amount of PMM and save an additional 50 g water even after 20 days. 

 

5 experiment 

Three-layer substrate: 40 g PMM is mixed with 120 g substrate and the resulting mixture is laid 

at the bottom and on the top inside the container for 80 g each layer and between them there is a layer 

of 150 g substrate. Before watering the weight of the container is 330 g 20 g of which is the weight of 

the container and 310 g mass of the mixture. After soaking, the weight of the container was 480 g 150 

g of which is added water. The results of the experiment are shown in Table 6. 

Table 6 

Days   0 1 2 3 4 5 6 14 17 18 20 

Water amount, g   150 125 120 115 110 105 100 75 65 65 60 

Relative moisture content,   %  50,00 41,67 40,00 38,33 36,67 35,00 33,33 25,00 21,67 21,67 20,00 

 

Conclusion 5:  Three-layer mixture is obtained where the bottom and top layer of the mixture 

with PMM allows us to collect more water, to reduce evaporation and filtration and after 20 days save 

an additional 60 g water at the same waste of PMM (40 g). 

 

6 experiment    

520 g substrate is put in the container weighing 45 g where PMM is put in four slices of 80 g 

with 0,5 cm diameter (20 g each). Total weight of the container is 645 g. After filling it with water 

during 15 minutes the weight becomes 980 g from which the weight of added water is 335 g. The 

results of the experiment is shown in Table 7. 

Table 7 

Days  0 1 2 3 4 5 6 14 17 18 20 

Water amount, g   335 290 275 260 245 225 215 120 90 70 65 

Relative moisture content,   % 55,83 48,33 45,83 43,33 40,83 37,5 35,83 20 15 11,67 10,83 

 

Conclusion 6: The version of the container with 80 g PMM with four holes after 20 days 

retained an additional 65 g. water and around the holes the substrate is almost dry as before the 

experiment. This option can be used for already planted trees or perennials by making holes in the 

ground or in a container with PMM holes. 

Conclusion 

Mixing PMM with the substrate and laying it on the bottom of the container and in the holes 

inside the substrate as well allows us to save more water thereby increasing moisture content, to 

reduce evaporation from the surface of the substrate and filtration through the bottom of the container. 
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These experiments must be carried out together with various plants which will allow to 

determine the optimal amount of PMM for a particular plant taking into account the possibility of 

irrigation or rainfall and other climatic conditions for its growth both indoors and in natural conditions. 
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В работе приведены результаты использования полимерно-минерального материала 

(ПММ) для удержания воды в почве (субстрате) с целью повышения его влагоемкости. 

Субстрат для выращивания саженцев фруктовых деревьев, предоставленный Тимирязевской 

академией, представляет собой смесь из почвы с добавками навоза и торфа. Проводились 

различные эксперименты по определению влагоемкости воды в таком субстрате, как без 

добавок ПММ, так и с его добавлением в различных пропорциях и разными способами. 

Измерялась динамика уменьшения влагосодержания в контейнерах за счет фильтрации и 

испарения. Контейнеры с такими смесями наполнялись водой, до достижения субстратом 

максимального объема, далее анализировалось сколько воды вытекает из отверстий на дне 

контейнера и сколько испаряется с поверхности этого субстрата во времени. В результате 

проведенных экспериментов выявлена возможность получения дополнительного объема воды в 

субстрате сверх его влагоемкости, а также показано как этот дополнительный объем воды 

сохраняется продолжительное время, по сравнения с субстратом без ПММ, который позволяет 

не только аккумулировать дополнительную влагу, но и понизить коэффициенты фильтрации и 

испарения почвы. 

 

Ключевые слова: вода, орошение, растение, грунт, фильтрация, полимер, добавка. 
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The efficient use of solar energy to synthesize organic matter has ever been and still remains the main 

task of agriculture. In addition to the light and heat from the sun which are the main and only way for the plants 

to function normally, water, nutrients and air (CO₂ և O₂) which the plants get from soil and surrounding 

atmosphere are needed for the continuation of this process along with the natural activity of plants. Among the 

mentioned factors, water is the criterion of crop yield in those regions of Armenia having insufficient and 

unstable humidity. This article offers solutions for providing water regime in the soil. 

  

Key words: agriculture, harvest, raw material, organic substance, ameliorant, rain-fed soils.    

 

Introduction 

The vital processes of plants, the activity of microorganisms as well as the technological 

properties of the soil, specific resistance, processing time and other issues are due to water content in 

the soil. In any case, crops grow and develop normally in cultivated agricultural lands which contain 

water and air simultaneously.   

Attempts have been made in various periods to rapidly improve the physical properties of the 

soil in addition to the existing traditional means of using various ameliorants [1-3]. 

 

Conflict settings 

The aim of the work is to apply the polymer mining raw materials created by the Institute of 

Mechanics of the Moscow State University after M.V. Lomonosov as ameliorants to reduce the costs 

on unit product, to increase the yield, to regulate water regime in soybean nurseries of decorative use 

and other corns among them winter wheat and sainfoin which is used as animal feed rich in proteins 

and carotene gaining new circulation in the republic in rain-fed agricultural conditions of Artsakh and 

Armenia.  

 

Research results 

Autumn wheat which is considered to be the main food crop, is one of the most valuable and 

high-yield plants. In all cultivation areas the average yield is significantly higher than the spring wheat 

crop as it has good use of autumn and spring moisture. Autumn wheat has a well-developed root 

system that penetrates deep into the soil due to which it absorbs nutrients well and suffers little from 

drought. It protects itself from drought and sandstorm due to its early maturation. The high value of 

autumn wheat lies in the fact that having the same nutritional value as spring wheat it is more valuable 

from  management and economic point of view. Winter crop and relatively early harvesting, compared 

to spring wheat, allows the full and balanced use of labor and production facilities. 

The second crop that is another topic for research is sainfoin which as papilionaceous feed plant 

is the first in its distribution and meaning prevailing in our country (the second is alfalfa which is 

cultivated in irrigated lands).    

The sainfoin exceeds clover and alfalfa by its total caloric value of corn (1 kg of grass contains 

0,54 feed units) and the amount of digestible protein is close to alfalfa (10,6% in grass). It is cultivated 

for getting grass, grass flour and green mass which all kinds of animals eat with pleasure. Unlike other 
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papilionaceous flowers, tympanic disease does not occur when feeding animals with green sainfoin. 

Sainfoin has a relatively high yield and often exceeds  alfalfa and clover in its main cultivation areas. 

Sainfoin is an excellent honey plant. It provides 80-100 kg or more of honey per 1 hectare. The agro-

technical significance of sainfoin is also great. It enriches the soil with organic matter and nitrogen. In 

the case of 50-60 c/ha of harvest  for two years  sainfoin leaves 100-120 kg of nitrogen in the root and 

stubble remnants   in plowland.  

The southern species of the tree of life belonging to the family of cypress are the third object of 

the study, they are trees and shrubs of xerofite properties and are widely used in greening the 

environment, gardening and forestry. 

The first two objects which are distinguished by the plasticity of adaptation to different soil and 

climatic conditions and the best nutritional and food features, are considered to be strategically 

important crops in the agricultural economy of the republic. Therefore, in the current conditions of 

increasing environmental stress it is necessary to ensure high yields at the lowest possible cost by 

developing various agro-technical measures and investing in production.  

The factor of minimized yield is water in Armenia and Artsakh in conditions of insufficient and 

unstable humidity. Therefore, in the lowland zone where the annual precipitation is 250-450 mm, the 

cultivation is carried out mostly in irrigated conditions and in the foothills and middle mountain zones 

where the average annual precipitation varies between 450-650 mm and it is carried out mainly by 

rain-fed conditions. However, frequent droughts and hailstorms in recent years have caused great 

damage to agriculture threatening desertification. 

In natural conditions (without irrigation), as the results of many studies show, the reason for 

moisture deficit does not depend only on the increase in temperature and the decrease in precipitation. 

One of the reasons for the decrease in soil moisture is the anthropogenic  factor. With the increase in 

the power of machinery and tools, the increase in cultivation depth, the intensive mellowing of arable 

land with traditional furrow turn accompanied by an increase in the number of operations and  the 

intensification of agriculture create favorable conditions for such negative phenomena as degradation 

of soil aggregates, acceleration of dissolving rates of organic substances, pulverization of plowland, 

loss of moisture, acceleration of erosion and increase in labor and material costs etc. 

In order to prevent soil degradation, it is important to have minimal and zero tillage, to use such 

agronomic measures as the use of scientifically justified crop rotations, fertilization with organic 

fertilizers as well as rapid improvement of agro physical properties of soil with various ameliorants.  

Fertility is the main and important feature of the soil which in its turn depends on a number of 

other properties. One of the most important of these features is its absorbency. It is highly dependent 

on colloidal (less than 0,0001 mm) particles of mineral, organic and organic –mineral origin. The more 

these particles are, the better the soil absorption is and therefore the greater the amount of water and 

soluble salts and gases is absorbed by it and retained by certain forces. Absorbed substances are not 

absorbed by the soil forever. They are only stored until the amount of water increases and the plants 

require them through their root system. If soil moisture increases, some of the substances will 

undoubtedly return to the soil solution. 

If there are enough nutrients in the soil but there is lack of water and air, the plants die. 

Therefore, care must be taken to ensure that there is always water and air in the soil along with 

nutrients. They are located in soil pores and cracks which occupy in average 50% of the total land 

area. 

It is preferable to make pores for crops in the soil (from several mm to tens and hundreds of 

mm). In this case even big pores of the soil will contain air which is necessary for respiration of soil 

inhabitants and plant root system and even the smallest pores contain water.   

One of the main elements of soil fertility is its water permeability index. The water falling in the 

form of precipitation on the surface of the soil under the influence of gravity, is absorbed by large 

pores in it and is absorbed by thin pores or capillaries surrounding the soil particles with a wide layer. 

The larger the soil particles (for example, in sand) are, the larger the holes between them are and the 
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easier is water penetration in such soil. In contrast to clay soils which are rich in smallest particles, the 

holes between them are very small and the water penetrates relatively slowly.  

However, this applies not only to non-structural clay soils. If such soil is rich in humus and lime 

compounds, the individual smallest particles, especially the colloidal particle coagulate, soften and are 

stuck to each other in it forming porous grains and particles which are quite strong in the presence of 

humus and lime and withstand prolonged water washing. In natural conditions middle-sized holes 

appear between the grains and particles as in sand and such structural clay obtains good water 

permeability. The more porous the soil is, the more water there is in it. This amount of water 

corresponds to the soil water permeability index. It is clear that the water permeability of the soil is 

equal in volume to its porosity. However, water permeability must be distinguished from soil 

moisture. Soil moisture is the moisture retained by it that remains in it after complete wetting and free 

squeezing with the pores directed downwards or sideways according to the slope. 

The properties of the soil include the evaporating properties of the soil, the water-raising force 

and so on. 

All the properties of the soil are important for the growth and development of crops and find 

their best expression in the agricultural lands which contain water and air at the same time. 

According to the principles of the traditional soil cultivation system, the methods of maintaining 

soil structure are: deep tillage by traditional furrow turn, introduction of meadow crops, application of 

organic and mineral fertilizers, fertilization of acid soils, gypsum of saline soils etc. However, 

centuries of experience in agriculture have shown that this is not so. As t is mentioned above, the deep 

loosening of the soil by furrow turn and the increase in the number of cultivations are the cause of all 

the negative effects that lead to accelerated soil degradation. According to current ideas, both the best 

conditions for maintaining and improving the structure and the other properties of the soil that create 

the total fertility are created by the minimum and zero continuous cultivation of the soil scientifically 

based on the use of crop rotations, fertilizers and ameliorants to improve the plowland of the soil 

quickly.   

Based on the above mentioned and guided by the requirements of basic and applied sciences, we 

set ourselves the task to determine the impact of the application of polymer mineral raw materials 

created by Moscow State University after M.V. Lomonosov on the regulation of water regimes of field 

crops and woody plants through vegetation and field experiments in rain-fed conditions. 

We call water regime all the processes that take place in the soil related to water penetration, 

movement and distribution through certain horizons and its storage and waste as well. 

Field experiments should be carried out in dark chestnut gravel weak carbonated soils in the 

foothills of the republic at an altitude of 600 m above sea level. In the natural conditions of this zone 

the main source of moisture in the soil is atmospheric precipitation and deep water. In addition to 

precipitation and deep water, the soil moisture is affected by the nature of the vegetation, the relief, the 

cultivation system, the presence of winds etc. The average annual precipitation in the zone is 524 mm 

and the average annual air temperature is 11,8
o
. 

For field crops such as wheat and sainfain the ameliorant will be put into the soil and mixed 

with the 7-8 cm layer of cultivated soil taking into account the production capacity. It is also worth 

noting that the plot of land intended for the experiment which has a weak slope to its eastern parts, is 

cultivated continuously in a minimal method for 12 years.  

   

Conclusion 

In order to improve the properties of degraded lands, to regulate water and food regimes of 

crops, to reduce the cost price of production it is necessary to carry out laboratory, field and vegetation 

experiments by means of studies to reveal the impact of different amounts of polymer-mineral raw 

materials invented by Research Institute of Mechanics of Moscow State University after 

M.V.Lomonosov and their application methods on soil improvement, regulation of water and food 

regimes and as a result on economic efficiency of crops and decorative trees.  
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Основной задачей земледелия в естественных условиях является эффективное 

использование солнечной энергии для синтеза органического вещества. Для обеспечения 

нормальной деятельности растений, кроме света и тепла, также необходимы вода, питательные 

вещества, воздух (СО2 и О2), которые растения получают из почвы и окружающей среды. Из 

отмеченных составляющих, для регионов Армении с недостаточной и неустойчивой  
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влажностью, вода является важным фактором урожайности возделываемых культур. В статье 

предлагаются решения для обеспечения водного режима в почве. 

 

Ключевые слова: земледелье, урожай, сырье, органическое вещество, мелиорант, 

неорошаемые земли. 
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FERTILITY ELEMENTS AND WINTER CROP  
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In the conditions of dry agriculture of lowland zone of the Republic of Artsakh the effects of traditional 

deep tillage with furrow turn and minimum cultivation on soil humus content, humidity, nutrients, agrophysical 

properties and the yield of winter crop were compared.   

It has been found out that in dark cinnamonic gravel soils of Askeran region humus and mineral nutrients 

are distributed at different depths of the plowland depending on the main method of soil tillage, soil moisture 

content during vegetation is higher after different precursors in minimum cultivation which helps to decrease the 

interval of change of soil density during vegetation, to preserve optimal density and to increase the yield of 

winter crop.  

  

Key words: winter crop, soil density, water supply, nutrient distribution, crop.  

 

Introduction  

The intensification of traditional agriculture which has been accompanied by a significant 

increase in the capacity and productivity of soil-cultivating machines and tools in the tillage system by 

increasing the depth of soil cultivation, the intensive mellowing of soil, the increase in the number of 

cultivation activities has produced such negative effects as decomposition of soil aggregates, 

acceleration of the tempos of solution of organic materials, powdering of cultivated layer, loss of 

moisture, increased labor and material costs etc. [5]. 

Unlike the traditional soil cultivation, the minimal land cultivation system whose main and 

decisive link is soil cultivation by turning furrow based on the reduction of cultivated layer, reduction 

of the number of operations and the principle of creation of vegetation residues on its surface for its 

protection excludes such negative events [5]. 

Based on the above mentioned, our task is to identify the agronomic, environmental and 

economic advantages of the traditional land cultivation system through field experiments and 

laboratory studies. 

  

Conflict setting  

Field experiments have been made in dark cinnamonic, gravel, in some places carbonated, 

medium strong, weak humus soils of Ivanyan, Askeran region for 4 times with 4 repetition.  

Based on the circumstance that winter tillage is mainly done in clean fallow or after winter 

crops, the following versions have been developed as    

1. Precursor clean fallow with traditional soil cultivation,  

2. Precursor winter corn with traditional soil cultivation, 

3. Precursor clean fallow with minimum soil cultivation,  

4. Precursor winter corn with minimum soil cultivation.   

The precursor was done in clean fallows versions with early fallow which was done PLN-35 

plough in one case (the first version) in 23-25 cm depth and in the other case (the third version) with 

heavy disc plough in 7-8 cm depth.    

In precursor winter corn versions the main soil cultivation was done after harvest with the same 

tools.   

Initial cultivation in all variants was done in the first ten days of November and sowing was 

done after 2–3 days with the norm of 5 million germinated grains of “Krasnodarski 99” sort per 

hectare. 
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During the research period (2015–2017) the dynamics of humus and plant nutrients, soil mass 

density, change in moisture content depending on type of soil cultivation and the precursor was 

determined in soil samples taken from different depths of the tillage layer by the appropriate method. 

Phenological observations and biometric measurements were performed during vegetation. The 

crop yield was determined by combining and weighing the crop field. Prior to harvesting, samples 

were taken to determine the structure of elements of wheat harvest [2]. 

 

Research results   

The results of the analysis of the soil samples selected from the experiment field (Table 1) 

showed that the humic substances and mineral nutrients in the plowland are distributed at different 

depths of the soil depending on the cultivation method. In the case of furrow turn of fallow they are 

mainly concentrated in the layer of 15-30 cm and in the case of minimal cultivation in  0-15 cm layer. 

There are some viewpoints that such differentiation of fertility of the layer is generally dangerous 

while applying shallow cultivation and particularly during drought as drying of the top layer (0-15 cm) 

of the plowland does not allow plants to use the fertility factors distributed there [6]. 

Table 1 

The dynamics of change of humus and nutrients available for plants in plowland  

depending on the method of soil cultivation and the previous (2015-2017) 
 

The main 

method of soil 

cultivation and 

the previous    

D
ep

th
 o

f 

p
lo

w
la

n
d
, 
cm

 

Humus content in 

plowland,   % 

Nutrient content in plowland mg in 100 g soil   

2015 2016 2017 

 2015 2016 2017 N P₂O₅ K₂O N P₂O₅ K₂O N P₂O₅ K₂O 

Tillage clean 

fallow 

0-15 3,75 3,75 3,41 4,33 2,44 32,2 4,03 2,40 30,5 3,96 2,38 30,18 

15-30 3,18 3,18 3,47 3,01 2,14 20,8 3,12 2,11 21,1 3,11 2,12 20,70 

0-30 3,46 3,46 3,44 3,67 22,9 26,5 3,57 2,25 25,8 3,53 2,25 25,44 

Tillage corn 

0-15 3,61 3,61 3,65 2,82 2,05 28 2,67 2,1 27,1 2,71 2,15 27,11 

15-30 3,58 3,58 3,48 2,56 2,00 24,2 2,70 2,07 24,10 2,64 2,00 23,98 

0-30 3,59 3,59 3,56 2,69 2,02 26,1 2,68 2,08 25,6 2,67 2,07 25,54 

Shallow 

cultivation 

clean fallow 

0-15 3,78 3,78 3,82 3,15 2,48 32,9 3,01 3,15 32,9 3,11 3,18 32,95 

15-30 3,18 3,18 3,14 2,12 1,65 25,2 2,00 2,11 25,6 2,08 2,11 25,58 

0-30 3,48 3,48 3,48 2,63 2,06 29 2,50 2,63 29,3 2,59 2,64 29,26 

Shallow 

cultivation corn 

0-15 3,82 3,82 3,75 2,96 2,35 30,7 2,98 3,14 31,1 3,12 3,16 31,13 

15-30 3,14 3,12 3,28 1,92 1,93 23,1 1,87 2,07 24,1 1,68 2,12 24,07 

0-30 3,48 3,47 3,51 2,44 2,14 26,9 2,42 2,60 27,6 2,40 2,64 27,60 

 

But attempts have proved the contrary: in both wet and especially dry seasons the crop yields 

are higher by shallow cultivation than by traditional crop cultivation. Differentiation of plowland 

according to the degree of fertility is considered to be one of the conditions for increasing the yield 

during minimum cultivation 3; 1 . 

In case of a furrow turn of fallow, deep covering of the surface layer of soil results in its rapid 

loss of already created activity and slow activation of the newly formed upper layer. However, the 

next tillage averts the desired differentiation mentioned above. 

 It can also be seen from the data in Table 1, in case of shallow cultivation there is a decrease in 

movable nitrogen in the first years depending on the decrease in humus decomposition rates. On the 

contrary, soil phosphorus and potassium regimes are improving and this should be taken into account 

when developing a fertilizing system. 

Describing the process of land-accumulation and the factors conditioning it P.A. Kostichev 

(1949) set the physical properties of the soil and especially its mass volume into the first place [5]. 
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Many scientists believe that frequent cultivation in the system of furrow turn in fallow leads to 

deterioration of soil composition and structure and against the conditions created are to fight with 

more frequent tillage. 

Table  2 

Dynamics of change of mass amount in plowland depending on the method of soil  

cultivation and the precursor (g/cm³) average in 2015-2017 
 

 

Our laboratory studies on the dynamics of soil size amount at different stages of vegetation and 

at different depths of the arable land (Table 2) show that in the case of a tillage of furrow turn the 

density of the soil is small compared to the minimum cultivation only immediately after planting. 

During other period of the year the 5-10 cm soil layer is 10-20% denser when fallowed than when 

cultivating the soil with the minimum cultivation. It should also be noted that the range of density 

change in the lower case is greater and ranges from 0,61 to 1,63 g/cm
3
 while during the minimum 

cultivation the same rate was 1,01 - 1,55 g/cm
3
. According to the average data of three years the 

highest density was observed in the 40 cm layer of soil, the precursor was autumn corn in the version 

of minimal cultivation  with 1,22 g/cm
3
 and the lowest was the previous winter corn in the traditional 

soil cultivation version with 1,18 g/cm
3
. 

Based on the above mentioned, we can conclude in comparison with the minimum cultivation 

the fallow leads to excessive soil fragility, which, however, at the time of tillage crops is equal with its 

density to the minimum density. In addition, when preparing the soil for winter wheat crop with a 

breast plow excessive porosity of the sowing layer may occur due to which the conditions for seed 

germination deteriorate depending on the rapid loss of moisture and weak contact of seed and soil [4]. 

The soil cultivator can accumulate, preserve and provide nutrients and precipitation and subsoil 

waters to the plants by proper cultivation of the soil. Minimal tillage of the soil, combined with the 

stubble  and the remnants of the stubble along with its mulching, improves the water regime of the 

soil. This is due to the role of the snow accumulating role of stubble as well as the reduction of water 

evaporation from the soil surface due to the plant mulch.  
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Tillage clean fallow   

0-10 1,09 1,11 1,12 1,13 1,44 1,17 

1,21 
10-20 1,16 1,00 1,15 1,17 1,64 1,22 

20-30 1,17 1,01 1,15 1,15 1,56 1,20 

30-40 1,15 1,28 1,18 1,19 1,63 1,28 

Tillage corn   

0-10 0,61 1,11 1,11 1,18 1,38 1,07 

1,18 
10-20 0,65 1,03 1,07 1,15 1,66 1,11 

20-30 0,95 1,17 1,15 1,24 1,52 1,20 

30-40 1,28 1,27 1,28 1,29 1,58 1,34 

Shallow cultivation 

clean fallow    

0-10 1,01 1,16 1,16 1,09 1,3 1,14 

1,19 
10-20 1,19 1,00 1,12 1,14 1,4 1,17 

20-30 1,23 1,07 1,13 1,15 1,45 1,20 

30-40 1,24 1,27 1,25 1,25 1,4 1,28 

Shallow cultivation 

corn   

0-10 1,05 1,12 1,13 1,15 1,46 1,18 

1,22 
10-20 1,16 1,01 1,15 1,17 1,47 1,19 

20-30 1,15 1,15 1,14 1,16 1,52 1,22 

30-40 1,19 1,25 1,26 1,28 1,55 1,30 
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Table 3 

Dynamics of moisture change in plowland (%)  

2015-2017 average data  

 

Hence, minimal cultivation ensures the differentiation of plowland according to its fertility, the 

concentration of fertility elements in the soil of 0-15 cm layer, creation of favorable soil density, 

moisture accumulation, preservation and efficient use which has a significant impact on plant growth 

and development. The seeds sown in the biologically active layer germinate harmoniously, their field 

germination is high, the expiration dates of the initial stage of plant development are accelerated, the 

energy of the stooling is high, winter tillage is well matured in the initial winter period and withstands 

unfavorable winter conditions. 

The highest yields in our surveys, on average for three years (Table 4), were obtained in the 

minimal cultivation-clean fallow version (42,5 c/ha) and the lowest in the non-fallow precursor 

traditional tillage  version with 25,8 c/ha. 

Table  4 

Yield of autumn wheat and gluten content in a grain depending the main method of soil  

cultivation and precursor   (2015-2017) 
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Tillage   
Clean fallow   41,6 15,8/ 7,9 - 23,3 1,2 0,8 

Corn   25,8 - - 22,1 - 1,1 

Shallow 

cultivation   

Clean  fallow   42,5 14,3/7,1 0,9 22,5 1,5 - 

Corn   28,2 - 2,4 21,0 - - 

AET ₀₅ 1,7   0,5 

Main method 

of soil 

cultivation and 

the precursor 

Depth of 

precursor, 

cm 

Observation stages Average 

density 

due to 

the 

depths 

Average 

in 0-40 

cm 

Before 

tillage 

Stooling, 

pipeline 
Earing Ripening 

Before 

harvest 

Tillage clean 

fallow   

0-10 18,35 21,17 16,22 4,53 14,75 15,00 

20,23 
10-20 25,96 22,74 23,98 21,01 16,22 21,98 

20-30 26,82 20,90 24,6 25,86 15,77 22,79 

30-40 24,38 20,11 23,28 24,23 13,77 21,15 

Tillage  corn   

0-10 11,19 21,7 21,17 9,58 14,78 15,68 

18,02 
10-20 22,95 22,90 22,74 14,85 13,43 19,37 

20-30 21,38 20,80 20,90 15,92 15,2 18,84 

30-40 20,16 20,15 20,17 15,41 15,15 18,2 

Shallow 

cultivation, 

clean fallow   

0-10 18,03 21,18 21,26 13,62 12,98 17,41 

20,41 
10-20 25,61 23,11 23,28 27,08 15,38 20,89 

20-30 27,25 20,90 24,27 27,56 15,85 23,16 

30-40 25,21 20,12 21,35 18,00 16,31 20,19 

Shallow 

cultivation, 

corn     

0-10 17,45 20,48 20,62 8,34 15,12 16,4 

19,15 
10-20 24,45 22,98 22,59 15,84 14,21 20,01 

20-30 27,91 19,76 23,49 17,53 15,75 20,89 

30-40 26,18 18,40 20,78 17,05 14,12 19,30 
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The increase in yield was calculated depending on the precursor and the method of tillage. As 

data in the table show, the increase in yield in the traditional cultivation-clean fallow  version was 15,8 

c/ha or 7,9 c/ha per year depending on the precursor, in clean fallow-minimal cultivation version 14,3 

c/ha or 7,1 c/ha annually and depending on the method of soil cultivation, the yield increase was 

observed in clean fallow-minimal cultivation version. 0,9 c/ ha to clean fallow-traditional cultivation 

version and 2,4 c/ha in the non fallow-precursor-minimal cultivation version to non fallow-precursor-

traditional cultivation version were obtained.    
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ВЛИЯНИЕ СПОСОБОВ ОБРАБОТКИ  НА ЭЛЕМЕНТЫ ПЛОДОРОДИЯ 

ПОЧВЫ  И НА ПРОДУКТИВНОСТЬ  ОЗИМОЙ ПШЕНИЦЫ 

 

С.Б. Галстян, В.С. Адамян, В.А․ Aлексанян, А.В. Авагимян  

Шушинский технологический университет 

 

 

В условиях богарного земледелия в низменной зоне Республики Арцах было сравнено 

влияние  традиционной - глубокой отвальной вспашки и минимальной обработки на 

гумусность, питательные элементы,  влагообеспеченность, агрофизические свойство и 

урожайность озимой пшеницы.   

Выяснилось, что в темно-коричневых, щебенно - каменных почвах Аскеранского района, 

в зависимости  от типа  основной обработки почвы, гумусовые вещества и минерально  

питательные элементы   располагаются  на разных глубинах пахотного слоя почвы. Во время 

вегетации при минимальной обработке влажность почвы оставалась высокой, что также 

способствовало снижению диапазона изменению плотности почвы во время вегетации и 

сохранению оптимальной плотности и увеличению урожайности озимой пшеницы. 

 

Ключевые слова: озимая пшеница, плотность почвы, водообеспеченность, 

распределение питательных элементов, урожай. 
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THE IMPACT OF THE CONTENT OF NUTRIENTS IN POTATO  

LEAVES ON THE GROWTH AND YIELD OF THE PLANT     
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The method of determining the content of nutrients in plant leaves (chemical analysis of plants) is 

considered to be a method of determining the requirement for fertilization and providing nutrients. 

The aim of the study was to find out the relation between NPK content, yield, supply of nutrients and 

efficiency of using fertilizers in the plant. These studies allow us to determine the content of NPK, the need of 

usage of fertilizers and their dasages through leaf analysis. The results of these studies are summarized in 

Tables 4 and 5. 

Studies have been carried out on «Impala» sort which is a high-yield, edible and early grown sort. 

Nitrogen, phosphorus and potassium content in the leaves of the plant was determined by Kieldal method for 

nitrogen, phosphorus by colorimetric and potassium by the flame photometer method. 

 

Key words: leaf, chemical analyses, nutrients, fetilizer, plant, potato.  

 

Introduction  

Determination of the dosage of fertilizers of crops is of major economic and environmental 

importance. Various methods have been developed to settle this important issue. The method of 

determining the content of nutrients available to plants in the soil is the most common [1, 2, 4, 6, 18].  

An important method of determining the nutrient requirement and fertilization of plants is also 

the method of determination of nutrients content in the leaves of the plant (method of chemical 

analysis of plants). It is based on the fact that there is a definite link between the chemical composition 

of the plant such as nitrogen, phosphorus and potassium (other nutrients as well) and the supply of 

plant nutrients [3, 7, 8, 9]. It should be noted that the method of chemical analysis of plants is more 

widely used in European countries, the USA, Japan etc. [3, 7, 8, 17]. In many countries the «optimal» 

amounts of nutrients of certain crops are determined on the basis of this method. These are those 

amounts when the plants are considered to be well supplied with nutrients and do not need fertilization 

[11, 17, 22, 23]. 

The irreplacable role of each nutrient in plant growth and crop formation is known. In 

particular, the nitrogen supply of the plant determines the growth and the amount of crops. Phosphorus 

contributes to the growth of the root system reducing the amount of water consumed to obtain a single 

harvest. Potassium increases the efficiency of photosynthesis and cellular turgor and increases the 

viability of tubers. Calcium promotes root growth and wall thickening of plant cell which allows to 

withstand many diseases and pests. It is established that the plant gets 5,4-6,0 kg N, 2,0-2,4 kg P2O5, 

9,1-10,5 kg K2O, 3,5 - 3,6 kg Ca and 2,0-2,1 kg Mg for harvesting 1 tonne of tuber yield. The plant of 

potato is very sensitive to the deficiency of nitrogen: the haulms turn yellow, the crop declines and in 

the case of rise of nitrogen there is a strong growth of the haulms, plant growth is delayed and crop 

declines. The deficiency of potassium and phosphorus reduces the efficiency of photosynthesis, yield 

and quality of tubers [11, 13]. 

It is proved that the chemical composition of the leaves and roots of potato, including nitrogen, 

phosphorus and potassium content, largely depends on soil and climatic conditions, stage of plant 

growth and nutrient availability. Such relation allows to determine the supply of nutrients (NPK, etc.) 

of potato and the need for fertilization based on the determination of the chemical composition of the 

leaves. 
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It is proved that the active nutrient absorption of plants occurs during its rapid growth which 

coincides with the stages of leaf foliage, buttoning and flowering [16, 21, 28, 36]. During the further 

growth of the plant the absorbtion of nutrients out from the soil significantly decreases but the plant 

still uses organic agents and nutrients accumulated in the stems, leaves and roots (13, 18, 20). As a 

result during the natural death of haulms the main content of nutrients in the mentioned parts 

minimizes. The plant of potato uses 27-28% of nitrogen, 22-23% of phosphorus and 20-21% of 

potassium during the period of buttoning and during the period of flowering when the overground part 

of the plant is already formed, the plant uses 67% of nitrogen, 75% of phosphorus and 80% of 

potassium and during the active period of tuber formation these rates reach correspondingly to 91, 95 

and 98% [13, 18]. These rates show that fertilization should be done in such periods when the plant is 

provided with necessary nutrients. While fertilizing the nutrition of early sorts of potato is done within 

uncomparably shorter time than that of late grown crops which should be taken into account [18, 20]. 

The fluctuations of potato nutrition were proved to have a greater effect on the content of 

nitrogen, phosphorus, potassium and other elements in the leaves. Consequently, this relation enables 

to determine the supply of NPK of the plant and to determine the need for nutrition and the amount of 

application of fertilizers based on the determination of these elements. Unstable nutrition not only 

affects plant growth and viability but also reflects the nutritional status of the plant which the plant 

growth, yield, tuber quality and resistance to disease and partly to pests depend on [5, 10, 12, 14, 19]. 

 

Conflict setting  

Field studies and laboratory observations were done in 2011-2015 in Qrasni village of RA 

Askeran region by the following schemes:   

 

Experiement № 1 Experiment № 2 

1. Without fertilizing (tester) 1. Without fertilizing (tester) 

2. N90P90K90 2. N90P90K90 (KCl) 

3. Manure 30 t/ha 3. N90P90K90 (RDT) 600 kg/ha 

4. N90P90K90 + manure 30t/ha 4. N90P90K90 (RDT) 600 kg/ha + MM 

5. N90P90K90 + manure 30t/ha 5. N90P90K90 (KCl) + bentonite 300 kg/ha 

6. N90P90K90 + manure 30t/ha 6. N90P90K90 (KCl) + gypsum 300 kg/ha 

 

As it is seen from the schemes of the experiments, during the first experiment manure and 

mineral fertilizers were applied separately and mixed and during the second experiment the impact of 

ameliorators and mineral fertilizers on the content of nitrogen, phosphorus and potassium dynamics in 

potato leaves and the yield of tuber was revealed. Relation was established between the content of 

NPK in the leaves and the supply and yield of the plant connected with these nutrients. Those 

«optimal» amounts of nitrogen, phosphorus and potassium in the leaves were stated on the basis of 

studies when the plant is privided by all these nutrients and there is no need for fertilization.       

Experiments were held thrise, the dimension of one experimental row is 105m
2
 (3.5m x 30m = 

105m
2
) and feeding surface of one plant is 0.21m

2
 (0,7m x 0,3m). All the observations, biometric 

measurements and crop amount accounting were done repeatedly.      

Studies have been carried out on “Impala” sort  which is a high-yield, edible and early grown 

sort. The tubers are oval shaped, the sarcocarp is partially yellowish and medium. The resistance of 

haulms is medium to phytophtora and the plant is resistant to eelworm.  

“MM” biofertilizer was obtained by the Institute of Biochemistry of the National Academy of 

Sciences of the Republic of Armenia and it contains various useful microorganisms and also micro-

elements. It is used for soaking the seeds, watering the soil and providing extra nourishment. 

Recycled dacite tuff (RDT) is a complex fertilizer containing potassium, calcium, magnesium, 

phosphorus and amorphous silicon dioxide. It is obtained by thermochemical treatment of rich 

potassium (up to 9,5-15,1%) dacite tuff. The method of obtaining was developed by the Institute of 
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General and Inorganic Chemistry of NAS RA and ANAU. Fertilizer also has indirect positive 

properties which makes it more effective compared to KCl [21]. 

During vegetation the stages of the growth and development of the plant were determined: 

germination, buttoning, flowering and natural death of haulms by visual method and plant height by 

linear measurement method. 

Nitrogen, phosphorus and potassium content in the leaves of plants were determined at the 

stages of germination, buttoning, flowering and natural death of the haulms: nitrogen by the Kieldall, 

phosphorus by the method of colorimetric and potassium by the flame photometer method. 

Pieces of land were cut for soil characterization (N 1 and 2) and were described, then soil 

samples were taken from genetic horizons and their agrochemical and agrophysical properties were 

determined. Humus was determined by Turin method, pH was determined by pH-meter, water-solvent 

salts were determined by ultrameter, carbonates - by calcimeter and mechanical composition was 

determined by pipette method. 

Nitrogen which is available to plants was determined by Thurin-Cоnonova solvent extract, 

phosphorus by Machigin and potassium by Machigin solution extracts [24]. 

Tuber crop was calculated according to the experimental rows, then data was recalculated by 

c/ha. The data of yield were subjected to mathematical processing. The most significant difference 

between variants (SM) and experimental error (Sx%) was calculated (34). 

  

Research results    

Field studies were done on forest brown soils [25] and the agrochemical rates of experimental 

soils were summarized in Table 1.    

Table 1 

Agrochemical characteristics of experimental soils   
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Available nutrients, mg, 

100 g soil 

N P2O5 K2O 

Experiment 

 N=1 

Cutting 

 N=1 

0-19 4.29 7.1 0.116 3.60 58.9 4.5 3.80 55.1 

 

 
19-44 3.71 7.3 0.091 4.70 56.6 3.6 3.10 48.6 

Experiment  

 N=2 

Cutting 

 N=2 

0-22 3.18 6.8 0.108 0.12 61.2 4.6 0.78 45.5 

 

 
22-49 2.06 6.9 0.081 1.21 60.4 2.8 0.49 39.5 

 

The data of the table show that they are significantly different from each other. Humus content 

in the upper layer of the soil of the experimental site is 4,29%, reaction is neutral, the content of 

solvent salts is permitted within 0,116%, carbonates comprise 3,6%, mechanical composition is heavy 

clay, i.e. physical clay is 58,9%.  

According to soil sample number 1 of ANAU branch of scientific centre of Soil Science, 

Agrichemistry and Amelioration after H. Petrosyan, it is considered to be weak in nitrogen, medium in 

phosphorus and strong in potassium.     
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The soil sample number 2 is poor in nutrients and humus available for plants. In the upper layer 

the content of humus comprises 3,18%, pH is 68, water solvent salts is 0,108, carbonates comprise 

0,12% and physical clay is 61,2%.  

It is poorly supplied by nitrogen and phosphorus and well supplied by potassium        (Table 1). 

Taking into consideration that numerous studies have linked the content of nitrogen, phosphorus 

and the content of potassium and in four stages of the growth of potato (germination, blossomig, 

flowering, natural death of haulms) the content of these nutrients was determined in the leaves which 

enabled us to define the optimal amount of these elements when the plant does not need any 

fertilization. The obtained results are summarized in Tables 2 and 3.     

According to the data presented in these tables, the NPK content in the leaves gradually 

decreases during vegetation reaching to a minimum at the end of vegetation. However, the amount of 

reduction depends on the fertilization. 

As in Experiment 1, nitrogen content in leaves of potatoes during blooming period was 4,75%, 

4,47% at flowering stage, 3,61% at the end of flowering stage and 0,93% at the beginning of natural 

death of haulms (Table 2). Only in the fertilized versions (N90P90K90) the nitrogen content was about as 

much as it was in the checker that is 4,67% and at the end of vegetation it is 0,95%. 

Table 2 

The impact of fertilizers on the content of nutrients in potato leaves   

  (2012-2015 average), % Experiment №1 
 

Versions  
Germimnation  Buttonning   

End of 

flowering   

Beginning of 

natural death of 

haulms   

N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O 

1 Without fertilization   4,75 0,61 5,01 4,47 0,58 4,65 3,61 0,39 3,90 0,93 0,15 0,95 

2 N90P90K90 4,67 0,70 5,18 4,41 0,70 4,92 3,82 0,50 4,32 0,95 0,23 1,13 

3 Manure 30t/ha 5,04 0,70 5,14 4,50 0,62 4,90 3,70 0,44 4,35 1,12 0,30 1,24 

4 N90P90K90 + manure 30t/ha 4,90 0,78 5,30 4,42 0,82 5,02 4,01 0,63 4,65 1,24 0,35 1,30 

5 N120P90K90 + manure 30t/հa 4,95 0,75 5,31 4,50 0,79 5,09 4,12 0,60 4,67 1,30 0,35 1,29 

6 N150P90K90 + manure 30t/հha 4,96 0,76 5,28 4,53 0,81 5,10 4,35 0,57 4,64 1,37 0,31 1,28 

 

This is due to the fact that nitrogen feeding was performed later in the stage of blooming-

flowering of the plant and as a result, the nitrogen content had increased at the end of flowering to a 

certain extent compared to the tester but further decreased again to the level of the tester. This fact 

indicates that 90 kg/ha of nitrogen in N90P90K90 system did not meet the plant requirement for that 

element. 

Only in the version which had received organic fertilizer (manure 30 t/ha), nitrogen content 

(germination) was 5,04% at the beginning of vegetation, 4,50% at the blooming stage and 3,70% and 

1,12% at the end of flowering and at the beginning of natural death of haulms respectively. Nitrogen 

content in the leaves was maintained at higher levels and varied from 4,90 to 1,24% and from 4,95 to 

1,30% respectively during the whole vegetation period in the system of (NPK) fertilizers and 30t/ha 

manure in the versions of  N90 and N120 (versions 4 and 5). The sharp reduction of nitrogen content at 

the end of plant flowering and later on is due to the rapid growth of the plant that time which requires 

large amounts of nitrogen and other nutrients as it has been proven by other researchers [19]. Higher 

nitrogen content in leaves was preserved in the version where the maximum amount of nitrogen 

fertilizer was applied with manure (version 6). 

In case of sufficient quantities of essential nutrients they have contributed to both increased crop 

yields and improved tuber quality. 

Hence, by examining the effect of fertilizer application on the dynamics of nitrogen, phosphorus 

and potassium content in potato leaves, it was found out that their quantities decrease gradually along 

with the stages of growth and less amounts are preserved during the natural death of haulms which is 

conditioned by the biological peculiarities of potato. 
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Table 3 

Impact of fertilizers and ameliorators on the dynamics of nutrient content in  

potato leaves  (NPK)  (2012-2015), % Experiment №2 
 

Versions   
Germination  Buttoning   

End of 

flowering  

Beginning of 

natural death 

of haulms   

N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O 

1 Without fertilizer (tester) 3,65 0,37 4,12 3,54 0,31 3,72 2,94 0,25 3,14 0,67 0,10 0,65 

2 N90P90K90 (KCl) 3,66 0,36 4,10 3,48 0,48 4,15 3,58 0,31 3,62 0,78 0,16 0,87 

3 N90P90K90 (RDT) 600  kg/ha 3,71 0,35 4,26 3,78 0,60 4,75 3,73 0,42 3,95 0,86 0,38 0,95 

4 N90P90K90 (RDT) 600  kg/ha + MM 3,63 0,38 4,29 3,68 0,69 4,73 3,71 0,50 4,04 1,06 0,38 1,08 

5 N90P90K90 (KCl) + bentonit 300 kg/ha 3,61 0,36 4,12 3,45 0,39 4,12 3,41 0,32 3,57 0,75 0,16 0,79 

6 N90P90K90 (KCl) + gypsum 300 kg/ha 3,68 0,35 4,15 3,60 0,39 4,33 3,35 0,30 3,63 0,80 0,26 0,89 

 

At the end of vegetation most of the nutrients and organic substances accumulated from the 

upper mass flow into the tubers (storage organs) [26]. Despite this, the content of nutrients (NPK) in 

the leaves is conditioned by the supply of these elements in the leaves: the higher the plant is provided 

with these nutrients, the higher the content of the nutrient is and this allows the chemical analysis of 

the leaves to determine the degree of provision of the specified elements of potato and also the need 

for fertilization. 

It should be noted that many countries with developed agriculture have defined “optimal 

amounts” of nitrogen, phosphorus, potassium and other nutrients in the leaves (varieties) according to 

the stages of plant growth and crop varieties when the plants are considered to be fully provided with 

nutrients and yield a good harvest typical of the certain sort.    

According to the results of our research, at the end of the flowering stage of “Impala” sort of 

potato 4,01 - 4,12% of nitrogen, 0,44 - 0,63% of phosphorus and 4,32 - 4,64% potassium in the leaves 

can be considered as “optimal" quantities”. 

Table 3 presents the results obtained in Experiment 2 which concern the impact of using mineral 

fertilizers, biofertilizer “MM” and ameliorators on the dynamics of nitrogen, phosphorus and 

potassium contents in potato leaves. The data show that as in Experiment 1, the nutrients are gradually 

decreasing during the vegetation process here starting from the buttoning stage the extent of which is 

entirely conditioned by fertilization (plant nutrition).  

The nitrogen, phosphorus and potassium content is less in the tester the amount of which 

declines sharply during vegetation and at the end of flowering and the natural death of the haulms they 

reach the minimum amounts. While NPK content was relatively high in fertilized versions, their size 

still depends on fertilization. Thus, the application of N90P90K90 (KCl) increased the nitrogen, 

phosphorus and potassium amounts in the leaves at all stages of plant growth and the use of bentonite 

or gypsum (versions 5,6) had no effect on the NPK content in this case, so we can conclude that it did 

not affect the nutritional process of the plant. Whereas when KCl was replaced by dacitic tuff (RDT) 

in NPK system and biofertilizer “MM” was applied in this case, the NPK content in leaves increased 

significantly compared with tester and N90P90K90 (KCl) version. Especially in the case of increased 

nitrogen this phenomenon is conditioned by the fact that RDT prevents nitrogen loss from the soil and 

fertilizers which the plants use. The use of “MM” biofertilizer contributes to the accumulation of 

biological nitrogen in soil as it also contains nitrogen fixing bacteria among other bacteria [20]. This 

fertilizer also mitigates the development of diseases. The increase of phosphorus is conditioned by 

certain amount of phosphorus in RDT and with increasing hard solubility of phosphorus compounds in 

the soil [21]. The increase of potassium in leaves influenced by RDT is again conditioned by the 

positive effect of fertilizer contributing to the increase of absorption of potassium by the plant which 

has been stated by other researchers [12, 14].  

As it was mentioned, the purpose of the study was to determine the relation between NPK 

content in potato leaves, crop yield, nutrient availability and efficiency of fertilizer application. These 
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studies allow to determine NPK content in the plant, the need and application of fertilizers through 

leaf analysis. The results of these studies are summarized in Tables 4 and 5. 

The data from these tables show that applying fertilizers has a significant effect on both the 

potato yield and NPK content of the leaves. But their size depends on the fertilizing system. Hence, 

according to the data of Experiment 1 (Table 4), the tuber harvest in the tester (average of 3 years) was 

145 c/ha and in fertilized versions it was 172-218 c/ha. The highest yield (203-218 c/ha) was obtained 

in the places where manure was applied with mineral fertilizers (variants N120P90K90N + manure 30 

t/ha,   + manure 30 t/ha and N120P90K90N + manure 30 t/ha). In these versions the NPK content in 

leaves is also significantly higher, nitrogen – 4,01 - 4,35%, phosphorus is 0,57 – 0,63% and potassium 

is 4,64 -4,67%. However, the yield of tubers in tester was 145 c/ha, nitrogen in leaves – 3,61%, 

phosphorus – 0,39% and potassium – 3,90%. 

Table 4 

The impact of fertilizers on NPK content and yield of tubers in potato leaves (experiment №1) 
 

№ Versions  

Tuber yield for years, 

c/ha 
Average 

yield of 

tuber, c/ha 

Content in leaves, % 

2012 2013 2014 N P2O5 K2O 

1 Without fertilizer (tester) 148 127 160 145 3,61 0,39 3,90 

2 N90P90K90 174 147 195 172 3,82 0,50 4,32 

3 Manure 30t/ha 193 164 216 191 3,70 0,44 4,35 

4 N90P90K90 + manure 30t/ha 206 175 228 203 4,01 0,63 4,65 

5 N90P90K90 + manure 30t/ha 223 193 238 218 4,12 0,60 4,67 

6 N90P90K90 + manure 30t/ha 209 176 230 205 4,35 0,57 4,64 
 

DSM 05 = 7,5 c/ha                          Sx% = 1,3% 

 

Similar regularity between the yield, efficiency of fertilzing and NPK content in leaves is 

regarded also in Experiment 2 (Table 5). Therefore, more harvest and more efficicnecy of fertilizers 

was obtained in those versions where the nitrogen content comprised 3,71 – 3,73%, phosphorus was 

0,4 2- 0,50 and potassium was 3,95 – 4,04%, whereas the crop in tester was 157c/ha, nitrogen in 

leaves comprised   2,94%, phosphorus 0,25% and potassium 3,14%. 

Table 5 

The impact of fertilizers and ameliorators on the yield of tuber and NPK  

content in potato leaves   (experiment №2) 
 

№ Versions  

Tuber crop for years, 

c/ha 

Average 

crop of 

tuber,  c/ha 

Content in leaves, % 

2012 2013 2014 N P2O5 K2O 

1 Without fertilization   (tester) 195 140 136 157 2,94 0,25 3,14 

2 N90P90K90 (KCl) 201 174 195 190 3,58 0.31 3.62 

3 N90P90K90 (RDT) 600 kg/ha 231 193 230 218 3,73 0,42 3,95 

4 N90P90K90 (RDT) 600 kg/ha + MM 252 217 254 241 3,71 0,50 4,04 

5 N90P90K90 (KCl) + bentonite 300կգ/հա 220 180 221 207 3,41 0.32 3,57 

6 N90P90K90 (KCl) + gypsum 300 kg/ha 204 160 194 186 3,35 0,30 3,63 
 

DSM = 22,3 c/ha  Sx% = 3,6% 

 

Conclusion 

Field studies and laboratory experiments show that during the observations in 2011-2015 in 

forest dark brown crop fields of Askeran region of the Republic of Artsakh these soils differ greatly in 

terms of agrochemical and agrophysical properties and also in terms of fertility.  

1. The plants are weakly provided with available nitrogen, medium or weak by phosphorus and 

medium or good by potassium. Hence the use of fertilizers is an important agri-technical 

activity.    
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2. By creating favorable conditions for potato nourishing through efficient system of fertilization 

the absolute and relative amounts of nitrogen, phosphorus and potassium in potato leaves 

fluctuate within certain limit of dimension. It enables to determine the “optimal” amounts of 

NPK supply of the plant.    

3. According to the results of the experiments in the end of flowering stage of Impala sort the 

“optimal” amount of nitrogen in the leaves comprises 3,71 – 4,01%, phosphorus is 0,32 – 

0,62% and potassium  is 3,57 – 4,64%. 

4. More crop was obtained in experimental site number 1 as 203-2018 c/ha where the amount of 

nitrogen comprises 4,01 - 4,35% in the leaves of potato under the influence of fertilizers, 

phosphorus comprised 0,57 – 0,63% and potassium was 4, 64 – 4,67% respectively. In the 

second experiment we have obtained more crop as 218 – 241 c/ha as a result of those versions 

of fertilization where the amount of nitrogen in leaves comprised 3,71 – 3,73%,  phosphorus 

was 0,42 – 0,50% and potassium 3,95 – 4,04% respectively.  
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ВЛИЯНИЕ СОДЕРЖАНИЯ ПИТАТЕЛЬНЫХ ВЕЩЕСТВ В ЛИСТЬЯХ 

КАРТОФЕЛЯ НА РОСТ И УРОЖАЙНОСТЬ РАСТЕНИЯ 

 

Н.В. Фарсиян
1
, Л.С. Ерицян
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1  Шушинский тхнологический университет  
2 Национальный аграрный университет Армении  

 

 

Метод определения содержания питательных веществ в листьх растения (химический 

анали), является метод  определения необходимости удобрения и обеспеченности 

питательными веществами. 

Цель исследования – выяснить содержание NPK в листьях картофеля, урожайность, 

обеспеченность этими элементами растения и связь между применением удобрений и 

эффективностью.  Исследования дают возможность с помощью анализа листьев определить 

обеспеченность растения NPK, необходимость применеия удобрений и определения их 

количества. Результаты проведенных исследований обобщены в таблицах 4 и 5. 

Исследования проведены на ранеспелом, высокоурожайном сорте картофеля Импала.  В 

листьях растения содержание азота, фосфора и калия определили: азот-методом Кейдаля, 

фосфор-колориметрическим методом,  калий-методом пламенного фотометра. 

 

Ключевые слова: лист, химический анализ, питательное вещесво, растение, картофель. 
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MOIST ABSORPTION PROPERTIES OF FRUIT AND VEGETABLE CHIPS,  

THE CONDITIONS OF THEIR PRESERVATION AND RATES OF SENSITIVITY    

 

V.A. Karapetyan   

Armenian National Agrarian University   

 

 

The moist absorption property of apricots, the preservation conditions of apples and rates of sensitivity of 

apricots and apples have been studied during the experiments. As a result of the research it became clear that 

the study enables to determine the duration of the further technological processes which is extremely vital for the 

organization of the processes of chips production.  The description of the durations of those processes allows to   

state that the packaging of the chips during 2-3 hours after their thermal treatment, final production after their 

flavoring with food additives  is of great  importance.  

Nowadays the packaging materials are very various in food production, for example, the varnished   

polypropylene  napkins which enable to keep the packaged food from 1-2 weeks to 12 months. 

 

Key words: fruit and vegetable chips, fruit and vegetable chips packaging, preservation, 

relative moisture, physical-chemical properties. 

 

Introduction 

In the process of producing fruit and vegetable chips, the vegetable and fruit raw material 

undergoes various stages of thermal treatment causing its physico-chemical properties to change. They 

cause changes in the moisture-absorbing properties of the raw materials and especially in the 

properties of moist absorption from the environment. Their storage and packaging technologies are 

conditioned by the latter and to reveal the regulations of these technologies experiments were done.  

 

Conflict setting  

The moisture-absorbing properties, storage conditions and sensitivity properties of fruit and 

vegetable chips have not been fully studied. In particular, data on the drying of these raw materials are 

missing which require special investigations. The aim was to study the moisture absorption properties 

of Shalakh and Satin apricot chips and apple chips and to clarify their storage conditions and rates of 

sensitivity.  

 

Research results  

The results of half finished apricot chips are shown in Table 1.  

Table 1   

Change of moisture during the preservation of apricot half finished 

 chips depending on the environment    
 

Preservation period, 

day 

Relative moisture of environment, φ % 

10 20 30 40 50 60 70 80 90 

1 4,2 6,7 6,8 6,9 7,1 7,2 8,9 10,1 12, 

2 4,6 8,0 8,1 8,3 8,5 8,7 10,9 13,7 15,3 

4 4,6 8,3 9,2 9,4 9,8 10,2 11,5 14,5 17,1 

6 4,6 8,3 9,4 10,1 10,5 10,7 12,0 15,3 18,6 

8 4,6 8,3 9,4 10,1 10,9 11,2 12,5 15,8 19,9 

10 4,6 8,3 9,4 10,1 10,9 11,5 13,1 16,4 20,6 

12 4,6 8,3 9,4 10,1 10,9 11,8 13,5 17,0 21,2 

14 4,6 8,3 9,4 10,1 10,9 11,8 13,5 17,3 21,7 

16 4,6 8,3 9,4 10,1 10,9 11,8 13,5 17,3 22,1 
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Fig. 1 Change of moisture of half finished product depending 

 on the moisture φ – of environment    

 

The graphs in Figure 1 show that parallel to the increase of surrounding air humidity the 

moisture content of the half-finished product increases, resulting in intensified biochemical processes 

in the sample, which, at some point, also result in spoilage of the raw material and in the case of φ = 

80% also in mucorales. 

Half–finished chips products which consist of proteins and carbohydrates whose atomic groups 

act as active centers and in co-operation with water molecules, absorb moisture into the inner layers of 

the material. 

To determine the type of dry materials and fluid relationship in the apricot sample, the isotherm 

of moistening the test sample was made according to the results of Table 1 (Fig. 2).  

 

 
 

Fig. 2  Moistening isotherm of apricot half-finished chips  

 

The moistening isotherm of half-finished product shown in Figure 2 coinsides with the 

regularities adopted in the thoery by appearance [1,5] which prove that the material of our experiment 

(half-finished product of apricot) is typical  colloid, porous body. It also shows that molecules of the 

material are connected with the molecules of the water passing through thermal processing. The 
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obtained results also show that in the conditions of  φ=60-70% of the store the moist content of the 

sample fluctuates between 13,5 % - 9,8 % which is necessary to take into account while developing 

the normative – technical documents of the production of half-finished chips.      

Experiments have shown that the thermal treatment of the half finished chips which is done for 

the final product results in a substantial increase in the specific surface area of the sample as the 

sample is dehydrated. The high temperatures used during the thermal treatment of sample lead to a 

distort of its balanced moisture content which results in moisture on the surface of the sample occurred 

from the environment. 

The long lasting contact of the chips with the surrounding air is accompanied by the loss of chip 

crunching and the stickiness of the surface as well, in other words, by altering the organoleptic 

properties of the chips [3]. Therefore great attention should be paid to the moisture content of the chips 

before packaging. 

Experimental studies were carried out at t = 20°C air temperature and φ = 60% air humidity 

with dynamic study of chip weight changes at different time intervals to get the answer.The results of 

these experiments of two varieties of apricot chips are presented in Table 2. The analysis of the data in 

Table 2 shows that apricot chips actively absorb air moisture by increasing their weight. Thus, Satin 

apricot chips absorb such amount of humidity in the room with 60% humidity during four hours that 

the increase of moisture content is 5.4% and Shalakh apricot chips  moisture in the same conditions 

comprises 12.5%. For comparison it turns out that if the rates of the same comparisons for Satin chips 

are 11.8%, then for Shalakh chips they are 9.5%.  

Table 2 

The picture of absorbing water vapors from the air of Shalakh and Saten apricot chips having thermal 

treatment in the conditions of t=20°С temperature and φ=60 % relative humidity   
 

Sample   Rate   
Duration of sample staying in the open air 

and time  

Saten apricot chips   

- 0,5 1,0 5 10 24 

Weight, g   3,5 3,7 3,9 3,93 3,97 

Increase of weight, g  - 0,2 0,4 0,43 0,47 

Increase of weight mass,  % - 5,4 10,3 10,9 11,8 

Shalakh apricot chips   

Weight, g   4,2 4,8 5,1 5,25 5,8 

Increase of weight, g  - 0,6 0,3 0,15 0,55 

Increase of weight mass,  %  - 12,5 5,9 2,86 9,5 

 

The chips in these very conditions, as the results of experimental research show, started to 

soften during five hours.    

In the end of computer processing of the results of experiments it turned out that the relation of 

time and humidity may be expressed by simple mathematical model as   

 

 
 

where  - is the moisture of the chips, %;   - is the time, ,   and  – are the coefficients of 

correlations of the function equal to 0,995  a=3,67; b=3,9; c=9,28.  

The results of the experiments are shown in Figures 3 and 4 the first of which is the graph of 

moisture absorption and the second is the speed of absorption.   
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Fig. 3 The graph of moisture absorption of Saten apricot chips   

 
 

 

Fig. 4 The graph of moisture absorption of Shalakh apricot chips    

 

The analysis of graphs 3 and 4 shows that the research allows to determine the duration of 

subsequent technological processes which is very important for the organization of the processes of 

chips production. The characteristics of the duration of these processes allows to state that it is very 

important to pack them within 2-3 hours after thermal treatment, formation as well as enrichment with 

food additives of the chips.  

For the development of the technology of preservation and packaging of fruit and vegetable 

chips we have considered it appropriate to observe the technological details of preserving and 

packaging apple chips since chips made from this fruit have similarities to other fruits and can be 

common for them too.  

For example, the solar drying process of apples usually lasts 2-3 days if the epicarp of the fruit 

is removed. During this drying it is necessary to turn the apple pieces being dried from time to time 

(once in 1-2 hours). Experiments have shown that if apple round pieces are dried for 3 to 6 days with 

removed epicarp, the rings with non-removed epicarp dry for 8-12 days. 

In the drying process, the evaporation of liquid from the apple rings is accompanied by an 

increase in the concentration of sugar in them which makes them sweeter and tasty which in turn 

impedes the drying process and takes longer time for the raw material to dry. 

Due to high levels of amino acids and high concentration of sugar in the apple in order to make 

the drying process quick the application of high temperatures leads to caramelization and occurring of 

melanid as a result of which the taste properties of the raw materials are significantly deteriorated, the 
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color is darkened, the organoleptic properties of the food are also worsened which should be taken into 

account when choosing drying modes of apple slices. For this purpose it should be remembered that 

the results of numerous studies to avoid caramelization and melanids in chips during apple drying the 

preference should be given to sour and sour sweet apple sorts which are late autumn and early winter 

sorts. To orient in this easily, let us be introduced to the chemical composition of fresh and dried apple 

chips [2, 4, 6]. 

Table  3 

Chemical indicators of fresh apple, dried and chips «slices»  
 

Indicators 
Drying unit 

/100 grams/ 
Fresh apple Dried apple Apple chips 

Solvent dry 

substance 
g 15,5 80,0 97,0 

Proteins g 0,26 2,2 2,6 

Lipids g 0,17 0,1 1,14 

Carbohydrates g 13,81 59,0 92,38 

Vitamin С mkg 4,60 2,0 1,66 

Ca mg 6,0 31,0 37,6 

P mg 11,0 56,8 68,87 

K mg 107,0 552,26 669,6 

Na mg 1,0 12,0 14,55 

Mg mg 5,0 30,0 33,45 

Fe mg 3,3 6,0 22,08 

 

The data of Table 3 show that apple chips and generally chips of drupes from the point of view 

of their nutritional values and chemical composition are preferred to other fresh and dry fruits mainly 

due to their high content of dry substances. The content of vitamin C in apple chips is comparatively 

low the main reason of which is high temperature during primary dehydration of apples.    

To determine the rates of sensitivity of fruit and vegetable chips we found it comfortable to 

observe apple and apricot chips. For this purpose apple and apricot chips were prepared by two 

different technologies. The results are shown in Tables 4 and 5.   

Table  4 

Relative rating assessment of sensitivity of dried apricot  
 

Indicators 
Rates of sensitivity of dry apricot 

Convective drying Convective microwave drying (chips) 

Appearance and 

structure 

The slices are complete, strong, with 

surface main frame, slightly slicy in the 

cutting 

The slices are complete, dry, slightly 

crispy, thin, surface frame, slightly 

porous in the cutting 

Color 
Dark yellow, heterogeneous, 

unsaturated, yellow reddish shades 

Light yellow, homogeneous typical to 

fresh apricot, bright saturated 

Taste and smell Typical taste and smell to dried apricot Typical taste and smell to fresh apricot 

 

Table 5  

Relative rating assessment of sensitivity of dried apple  
 

Indicators 
Rates of sensitivity of dry apricot 

Convective drying Convective microwave drying (chips) 

Appearance and 

structure 

The slices are complete, strong, with 

surface main frame, slightly slicy in the 

cutting 

The slices are complete, dry, slightly 

crispy, thin, surface frame, slightly 

porous in the cutting 

Color 
Dark milky, heterogeneous,   

unsaturated, dark brown shade 

Dark milky, homogeneous typical to 

fresh apple, bright saturated 

Taste and smell Typical taste and smell to dried apple Typical taste and smell to fresh apricot 
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Conclusion  

So, as a result of analysis of rates corresponding to high quality product, we can conclude that 

the best method for drying chip half finished products is the convective-microwave drying method. 

Fruit and vegetable chips are a type of food whose moisture is lower than the balanced humidity 

of the surrounding air. For this reason, this variety of food should first of all be protected from 

moisture which can lead to its rapid spoilage. The fluctuations in moisture content in packaged chips 

are almost unacceptable and their packaging must be so perfect to exclude such event. At the same 

time, the loss of odorants from the chips should also be excluded which is almost always accompanied 

by occurring other odors and flavors in the package. The desired result can be achieved by making the 

package multilayer (2-3 layers), one or two of which will become opaque and the chips will also be 

protected from the harmful effects of light. 

Currently packaging materials are extremely diverse in the food industry. For example,  the 

varnished   polypropylene  napkins which enable to keep the packaged food from 1-2 weeks to 12 

months. 
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ВЛАГОПОГЛОЩАЮЩИЕ СВОЙСТВА ПЛОДООВОЩНЫХ ЧИПСОВ, ИХ  

ОРГАНОЛЕПТИЧЕСКИЕ СВОЙСТВА   И  УСЛОВИЯ ХРАНЕНИЯ 

 

В.А. Карапетян  

Национальный  аграрный университет Армении 
 

 

Во время опытных исследований изучались влагопоглощающие и органолептические 

свойства  и условия хранения чипсов из яблок и абрикосов.   Проведенные исследования 

позволяют определить продолжительность последующих  технологических процессов, что 

необходимо  для правильной  организации производства чипсов. Определение временного 

интервала технологических процессов позволяет утверждать, что после формирования и 

тепловой обработки чипсов, а также после обогащения их пищевыми добавками   необходимо в 

течении 2-3-х  часов произвести упаковку. 

В настоящее время  в промышленности используют  много видов  упаковок, например 

лакированные  полипропиленовые пленочные упаковки, которые позволяют хранить в них 

продукт от 1-2-х недель до 12-ти месяцев.  

 

Ключевые слова:  плодоовощные чипсы, упаковка плодоовощных чипсов, хранение 

плодоовощных чипсов, относительная влажность, физико-химические свойства․ 
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STUDY OF CIRCUIT PARAMETERS OBTAINED USING  

ALGORITHMS FOR DETECTING AND CORRECTING ERRORS   

 

N.V. Melikyan, A.M. Danielyan, A.G. Manukyan, A.A. Galstyan
  

National Polytechnical University of Armenia 
 

 

Software errors and constantly reducing technologies have paved the way for the creation of software 

algorithms for detecting and correcting errors in embedded systems. The quality of the algorithm for detecting 

and correcting errors in such systems depends to a great extent on the behavioral description of this algorithm. 

Each algorithm for detecting and correcting errors is more efficient than the other. In this paper, two of the most 

common detector algorithms were studied, the circuit described by these algorithms was synthesized by SAED 

14 and SAED 32 nanometer libraries and the parameters were evaluated. 

 
Key words: integrated circuit, device description language, codeword, logical synthesis. 

 

Introduction 

Accurate data transmission and storage are of extreme importance nowadays. Hardware and 

software issues are the cause of data corruption. Unlike hardware problems which are similarly 

important, software problems may occur due to noise and radiation particles, which can lead to 

inaccurate data transmission and storage. Since these issues are impossible to avoid, circuits developed 

using algorithms for detecting and correcting errors which have been already used during data 

transmission for several decades [1]. The complexity of this task is that the circuits developed by these 

algorithms should work while the program is running, maintaining the smooth operation of systems 

such as automation systems, medical equipment, space stations and all systems that use data 

transmission. 

 

The importance of accurate data transmission in information systems 

Data is transmitted between two or more remote points through the transmitting channel, using 

the digital system. Noise in the transmission channel has a major impact on the quality, reliability, and 

accuracy of data (Fig. 1). To avoid the following issues, telecommunications systems use algorithms 

for correcting corrupted data [2]. The main issue is that even in the case of a software error, it is 

possible to save the data correctly. The data is stored in memory or transferred to another memory. 

Since these circuits should be used in such areas as automation, medical equipment and space stations, 

then accurate data transmission is of major importance (Fig. 2). Multiply developed algorithms, such 

as Hamming, Reed-Solomon, and Bose-Chaudhuri-Hocquenghem algorithms [3-4], are used to 

transmit and store data accurately. The rationale for this algorithm lies in the fact that when data is 

transmitted incorrectly, it should be detected and corrected while the program is running. It has been 

studied that the Reed-Solomon algorithm functions more effectively during data transmission 

compared to the Hamming one due to its simpler description of hardware. With the results obtained in 

this paper, we compare the parameters of the circuits obtained by the Reed-Solomon and Bose-

Chaudhuri-Hocquenghem algorithms described in the hardware description language [5]. 
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Fig. 1 The impact of noise during data transmission 

 

The Reed-Solomon algorithm 

The Reed-Solomon code is an error correction code introduced by Irving Reed and Gustav 

Solomon in 1960. It is widely used for correcting errors in mass memory systems. The Reed-Solomon 

code is the main component of the CD. There are two main forms of Reed-Solomon: the original one 

and the Bose-Chaudhuri-Hocquenghem (BCH) one. The appearance of the BCH is more generalized 

since decoders function faster and do not require large volumes. There are different procedures for 

encoding the Reed-Solomon code, that is, different ways to describe the codeword. Each codeword in 

the original code is represented as a sequence of functions. The codeword is obtained by presenting the 

message as follows: 

C=( p( ) ,p( ) , p( ),…, p( )), where p is a polynomial of a degree less than k. 

There are different forms of encoding. In the original X structure, the Reed-Solomon message 

(1960) is described by the coefficient of the polynomial p, and in the subsequent structure, the 

message is described by the values  of the polynomial and the interpolation of the latter 

produces the p polynomial. Subsequent procedural encoding, although less efficient, still provides a 

systematic advantage of encoding in that the message is always contained in subsequent keywords. 

 

Simple encoding procedure 

Message as a sequence of coefficients. In the original structure, the Reed-Solomon message 

(1960) x= ( ,  is modified into the polynomial : 
 

(a) =                                                               (1) 
 

the codeword is  expressing itself in points of the Gaussian distribution ( ). 
 

(                                                          (2) 
 

The resulting C function is a linear transformation that satisfies   
 

     A=                                                      (3) 

 

A simple procedure for encoding the generated matrix. 

 

Systematic coding procedure  

A message as an initial sequence of values. In this procedure, the format of the polynomial  

message is performed in a different way. The polynomial  is defined as a polynomial less than k. 
 

  i  
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Fig. 2 The simple example of an error message received 

 

Using Lagrange interpolation, we can calculate the polynomial  and express it in points of the 

Gaussian distribution:  we obtain the function C. 
 

(  
 

Since Lagrange interpolation is a linear transformation, C is also linear  = x*G 
 

G =                                                    (4) 

 

G is the generated matrix of the system encoding procedure. 

 

Reed-Solomon decoder  

When transmitting, there will be a distortion of the transmitted message, a distortion of the 

codeword, due to noise. 

                                                                  (5) 

 is a codeword and  is errors in it 

                                      (6) 

 

Bose-Chaudhuri-Hocquenghem algorithm  

The decoder described by the Bose-Chaudhuri-Hocquenghem algorithm operated in the 

following sequence of steps: it calculates the distortion from the received codeword, from which the 

error locator polynomial is obtained, and the latter is used to correct corrupted bits. (Fig. 3). 
 

 
Fig. 3 Route of the Bose-Chaudhuri-Hocquenghem algorithm 
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Results and Discussion 

In the course of the work using the description of algorithms presented in the hardware 

description language and in the Verilog language, a logical synthesis was performed using ready-made 

libraries of standard digital cells. Based on the outcomes, algorithms for detecting and correcting 

errors were evaluated and compared with various input data transmitted by the bitstream. Table 1 

shows the expected results on the surface, expressed in µm
2
, SAED 14 and 32 nanometers for the 

process [6-7].                                                                               

Table 1 

Area values of circuits 
 

Bit 

SAED 14 nm technology SAED 32 nm technology 

Reed-Solomon 
Bose-Chaudhuri-

Hocquenghem 
Reed-Solomon 

Bose-Chaudhuri-

Hocquenghem 

8 1,741.5 602.6 5,466.18 1,995.8 

16 3,105.7 1,077.4 9,871.3 3,860.7 

32 5,488 1,981.6 18,044.8 7,581.6 

64 10,391.8 3,869.8 37,104.8 13,488.5 

 

The table shows that the circuits developed using the Bose-Chaudhuri-Hocquenghem algorithm 

have approximately 2.7 times the smaller surface area. 

Fig. 4 and 5 show the power of circuits synthesized by 14 and 32 nanometer process libraries, 

respectively which proves that the power consumed when using the Bose-Chaudhuri-Hocquenghem 

algorithm is 30% more efficient. 

 

 
 

Fig. 4 The power values using 14 nm SAED technology 
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Fig. 5 The power values using 32 nm SAED technology 

 

Conclusion 

The purpose of this paper was to study two well-known algorithms for detecting errors, the 

Reed-Solomon on and the Bose-Chaudhuri-Hocquenghe one  as well as to study their application in 

data transmission systems. The result shows that, in contrast to the Reed-Solomon algorithm, the 

circuit described by the Bose-Chaudhuri-Hocquenghe algorithm occupies a smaller surface area and 

consumes less energy due to the data decoder. 
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ИЗУЧЕНИЕ ПАРАМЕТРОВ СХЕМ ПОЛУЧЕННЫХ С АЛГОРИТМАМИ 

ОБНАРУЖЕНИЯ И ИСПРАВЛЕНИЯ ОШИБКИ  
 

Н.В. Меликян, А.М. Даниелян, А.Г. Манукян, А.А. Галстян 

Национальный политехнический университет Армении 
 

 

Программные ошибки и постоянно уменьшающиеся технологии проложили путь к 

созданию алгоритмов обнаружения и исправления программных ошибок во встроенных 

системах. Степень сложности алгоритма обнаружения и исправления ошибок в таких системах 

зависит от его поведенческого описания. В данной работе были изучены два из наиболее 

распространенных алгоритмов детектирования, проведено исследование схем с описанием этих 

алгоритмов, синтезированных для технологий САУД 14нм и САУД 32нм, оценка и сравнение 

параметров.  

 

Ключевые слова: интегральные схемы, язык описания аппаратуры, интерполяция, 

кодовое слово, логический синтез. 
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TECHNOLOGY AND LABORATORY RESEARCH ON FLEXIBLE STONES 

 

A.I. Vasilyeva, S.E. Petrosyan 

National University of Architecture and Construction of Armenia, Yerevan, RA  

 

 

In laboratory conditions, flexible stone preparation, flexibility testing and efficiency of the results 

obtained were carried out. As a result of the experiments and tests, a flexible stone has been obtained which 

enables the structure to be covered. When facing the interior and exterior curved surfaces of buildings and 

structures, problems arise that require a great deal of time and effort. By saving time as a result of the use of 

flexible stone the  work is done faster and more efficiently. This stone allows us to show a design approach while 

using various types of tuff stone while saving the natural raw materials resources of the tuff. 

 

Key words: flexible stone, tuff, external coating, fine crushed stone, internal coating.  

 

Introduction 

Depending on the rock resources of the country, different types of fine crushed stones are used 

[1]. Flexible stone is widely produced and used in Poland, the Russian Federation and Kazakhstan.  

For the first time in “Good Stone” company launched the production of flexible stone the 

Russian Federation that was able to be used in both cold and hot weathers. It was first tested in 2012 

using quartz and marble gravel. 

As a result of numerous experiments and trials, the efficiency of the product was increased and 

the self cost was decreased. The experiments were carried out by the students in the laboratory of the 

department of Construction Production Management of the NUACA.  

 

Conflict setting   

The experiment was carried out in the laboratory of the department of Construction Production 

Management of the NUACA. The experiment began with mould making using a 1000x1000 mm 

plywood board and 18 mm square wooden rods (Fig. 1).  

 

 
Fig. 1 Structure and dimensions of the mould  

 
After moulding, the tuff stone was crushed which resulted in fine crushed stone of different 

sizes. In the next step, the fine crushed stone was passed through the screen, first through a screen 

having a diameter of 2 mm, then through a screen having a diameter of 0.8 mm  (Fig. 2).  As a result 

of that, we have fine crushed stone with the size of 0.8-2mm. In addition to the natural colors of tuff, it 

is possible to color the crushed stone with different color pigments for a more attractive and aesthetic 

texture. 
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Fig. 2 Scheme describing the sscreening process 

 

If both colored and non colored fine crushed stones are filled into the mould together, we will 

get any texture to make it look even more attractive and interesting (Fig. 3). 

 

 
 

Fig. 3 Mould filled with fine crushed stone  

 

In the next step we cut a section with diameters of 1000x1000mm from the waterproof fabric to 

which the binding material is added [2] (Fig. 4).  

 
Fig. 4 Facility for adding the binding material  

 

After adding the binding material, the waterproof [3] fabric is installed on the crushed stone in 

the mould and is compressed with paint roller (Fig. 5). 
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Fig. 5 Compressing process of waterproof fabric 

 

After compressing with paint roller, we take the waterproof fabric and move to a dryer.  The 

temperature and the moisture content of the dryer vary depending on the type of binding material. The 

result remains in the dryer for up to 24 hours (Fig. 6). 

 

 
 

Fig. 6 Drying process 

 

After drying, a protective layer is added to the material, which is then cut to the dimensions of 

550x340mm and get the final result (Fig. 7, 8). The final thickness of the flexible stone is 2-3 mm.  

 

 
             

Fig. 7 Final result of the flexible stone                          Fig. 8 Structure of the flexible stone  
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Research results   

As a result of experiments, depending on the binding material and the thickness of the binding 

material [4], we  obtained flexible stones of varying degrees of flexibility from which the most optimal 

version was resulted by using the binding material with the thickness of 1mm. During the interior 

finishing works, a flexible binding material for wallpaper is used for the reinforcing the flexible stone 

and a waterproof and heat resistant binding material is used for the exterior coating. 

In order to obtain higher thermal insulation during interior finishing works, the flexible stone is 

glued to the foam plastic and then fixed to the wall  (Fig. 9). 

 

 
 

Fig. 9 Foam plastic tile with flexible stone  

 

 The main features of the flexible stones are: 

 Water resistance 

 Simplicity and ease of installation due to plasticity and slimness 

 vapor resistance 

 Fire resistance 

 Small mass 

 

Conclusion 

The analysis of the results of the studies allows us to conclude that due to the main properties, 

the flexible stone can be used for both external and internal coating irrespective of the weather 

conditions. 

The resulting flexible stone almost doubles the duration of the works for the interior and 

exterior curved surfaces of buildings and structures. By comparing the volume of the stone used for 

flexible stone with the volume of the used stone during the facing, we get a saving of 90% of natural 

resources. 
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ТЕХНОЛОГИЯ ИЗГОТОВЛЕНИЯ ГИБКИХ КАМНЕЙ И  

ЛАБОРАТОРНЫЕ ИССЛЕДОВАНИЯ 

 

А.И. Васильева, С.Е. Петросян 

Национальный университет архитектуры и строительства Армении, г. Ереван, РА 

 

 

В лабораторных условиях было произведено приготовление гибкого камня, проверка 

гибкости и проверка эффективности готового результата. В итоге опытов и экспериментов 

получился гибкий камень, благодаря которому мы получили возможность покрыть здание. При 

покрытии внутренних и внешних кривых покрытий зданий и строений выявляются некоторые 



ARCHITECTURE AND CONSTRUCTION 

50 

проблемы, для решения которых необходимо много усилий и времени. Экономя время 

благодаря использованию гибкого камня, работы ведуться быстрее и эффективнее. Данный вид 

камня даёт нам возможность проявить дизайнерский подход при использовании одновременно 

разные виды камня туф, сэкономив природные сирьевые запасы.  

 

Ключевые слова: гибкий камень, туф, внешнее покрытие, мелкий щебень, внутреннее 

покрытие. 
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CROSS STONE ART AS INSEPARABLE PART OF DEVELOPMENT OF 

MEDIEVAL ARCHITECTURE OF ARTSAKH 

 

N.A. Mikayelyan 

Shushi University of Technology 

 
 

Nagorno Karabakh is the homeland of Artsakh school of Armenian architecture where many significant 

values of the Armenian architectural heritage have been created: churches, monastery complexes, fortifications, 

engineering structures, outstanding works of cross stone art, obelisks, palaces, notable folk houses many of 

which have their honorable place not only in the treasury of the Armenian people but also in the treasury of 

universal architecture and culture. 

The architectural school established in Nagorno Karabakh has gone through the same main stages of 

development as the other schools of pan-Armenian architecture. It began to develop in the pre-Christian period 

in the fourth century with the adoption of Christianity passing through the flourishing period of the Midddle 

Ages. Having peculiarities coming from local conditions and traditions, the generality of Artsakhi architecture 

with pan-Armenian architecture is clearly reflected in the layout and spatial composition of the buildings, in 

design solutions, construction techniques, traditional building materials, proportions, ornaments, cross art etc. 

During the medieval period the church architecture was mainly developed in Artsakh: churches, temples, 

chapels and monasteries were mainly built. At that time, literature and cross stone art were also developing 

rapidly. 

The cross stones are very typical of medieval Armenian monuments in Artsakh. The cross stones are the 

symbol of the originality of the Armenian medieval culture. 

  

Key words: architectural heritage, Middle Ages, structure, church, obelisk, monastery, Artsakh 

school, culture, monument, cross stone art.  

 

Introduction    

Cross stone art is an inseparable part of Artsakhi architecture. These cross stones with numerous 

and varied illustrations are scattered everywhere in the territory of Artsakh, in the yards of monasteries 

and churches, in the free environment of nature, in cemeteries, they are built in the walls of religious 

structures, in enclosures and elsewhere. As a rule, they are works of high mastery, enriching, 

aesthetically evaluating and making colorful the historical - cultural environment. Especially cross 

stones of Khatravank, Koshik Anapat, Gandzasar, Dadivank and others are bearers of decoration and 

high sculptural art. 

 

Conflict settings 

The aim of this article is to observe the process of formation and development of the medieval 

Artsakh School of Architecture with the pan-Armenian architecture. The topic of the article is the 

discovery of the process of formation and development of architecture in the Middle Ages in Artsakh 

School of Architecture using cross stone art.   

   

Research results 

The path of formation, development and improvement which the Armenian cross stone art had 

passed is clearly visible in the example of Artsakh cross stones. Here the earliest cross stones (VIII-IX 

centuries) often have irregular, prolonged, rectangular and circular forms sometimes directly attached 

to the ground or on a pedestal that almost does not rise above the ground. They still do not have the 

composition typical of further cross stones, they are far from stable and regulated forms, moreover, it 

is difficult to differ the concepts of cross stone and cross sculptures and they are out of date and 

inscriptions. The most important thing in the early cross stones is their specific practical significance, 
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the artistic decoration is modest and assimilated with the composition, the stone retains its materiality. 

The texture is still rough and the monumentality is accentuated. Some scholars consider the issue of 

relating the origins of cross stones to the earliest ninth century very suspectable. And also B. 

Ulubabyan stated: «And we think that the researchers who think that the well-known cross stone 

originated and developed only in the 9th century are wrong» [47, p. 38]. 

The earliest Armenian cross stones date back to the 9th century, there are 8 cross stones 2 of 

which are located in Artsakh, one in the Metsarants Monastery in Kolatak village (only the cross stone 

pedestal built by monastery's bishop Solomon in 853 still stay) and the other is granite cross stone-

memorial preserved in Vaghuhas village dated in 866.The literature includes a significant number of 

ancient undated cross stones from Ghushchi, Nakhijevan, Syunik and also from Artsakh (Noragyugh, 

Khutavank) which are dated to the VIII century or the first half of the IX century. Early examples of 

cross stones attempted to preserve and strengthen the Christian faith (which were very necessary in the 

threat of assimilation). The main element of artistic decoration and the bearer of the idea of goodwill 

or wish is the cross with a variety of simple drawings, often schematic, with edge curves or in or out of 

the background with total size with equal wings or small differences in the lengths of wings length. 

Early cross stones are found mainly in places having rich cultural traditions of the early Middle Ages 

and outside the plains in Syunik, Artsakh, Lori, Tavush and elsewhere. 

In the second half of the 19th century there were cross stones having rising leaf wings from 

lower wings («Flower Cross»), cross stones with simple plant and animal sculptures. A number of 

sculptural ornaments were adopted on ancient monuments, basilica churches and other structures 

(almond leaves, pomegranate, olive, palm leaves sculptures etc.) in connection with pagan and early 

Christian beliefs. As a rule, the cross wings have hemispheres at the two-branched ends extending 

outwards and in the center, some of which are covered with longitudinal linear excavations. The 

stepped pedestals have not been formed yet, the geometric drawing is lacking both in cross stones and 

in individual elements in general. The elegant decoration and the iconography typical of the early 

medieval art are simplified and generalized. The sculptures are significantly softer and smaller. In the 

10th century inscriptions on cross stones were often engraved. The inscriptions cover not only the 

backs of the cross stones but also the faces, the gaps between the cross sculptures and even the ribs. 

The goals and motives for standing cross stones are incomparably expanding and cross stones become 

more and more popular monuments in the coming centuries. 

A. Yacobson wrote about the development of Armenian cross stones: «The twelfth century is 

noted as a new stage in the artistic carving of cross stones which is a flourishing stage of Armenian 

stone plastics, which at that time, especially in the 13th century, reached exceptional perfection. The 

cross stones serve as a shining addition to the architectural works of the time in which they are often 

placed» [48, p. 217]. 

XII-XIII centuries are the period of flourishing of cross stone art in Artsakh and in Armenia in 

general. Folk and household sculptural art in which the themes of war, agriculture, hunting, the 

abundant depiction of weapons, household items and costumes occupy a large place become especially 

popular. Their value is further enhanced by the fact that they are usually accompanied by protocols. 

Presenting the secular motives of cross stones in Khachen, H. Orbely concludes that «cross stones 

with human images were first found in this part of Armenia, in Khachen, where it is generally a 

favorite occupation to decorate and carve high sculptures, where you can see wide scenes of high 

sculpture in addition to the usual titular sculptures you may meet in other places of Armenia» [8, p. 

196]. (From what H. Orbely said, it may seem probable from the abundance of cross stones in 

Khachen that the origin of the place name Khachen is connected with the name of cross). Sculptures 

related to everyday life and activity and high-tech sculptures depict episodes in the history of Artsakhi 

life, for example, on more than one and a half dozen cross stones the scenes of war, soldiers and horse 

riders are depicted in Koshiki Anapat.     
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The cross stones of Dadivank are highly valued. «The two cross stones of Dadivank are one of 

the unique monuments of ancient Armenian art. And even if they are not considered the most beautiful 

in their appearance, it is impossible to show any other more perfect than they are» [49, p. 19]. 

The foreigner said: «I was lucky to see hundreds of cross stones» - writes G. Anokhin visiting 

Dadivank, - «but these two are incomparable with their unimaginable tiny and various laces» [50, p. 

14]. Many cross stones connected with the names of Prince Hassan Jalali and his wife, Arzukhatuni, 

cross stones in Khaghbakyans family cemetery in Havaptuk Monastery, in Khatravank built by Sophia 

and in Koshik Anapat are very highly appreciated. Within certain limits of likeliness, each of the 

thousands of Armenian cross stones including those from Artsakh, has its own peculiarity of 

composition and its own scale of ornaments. They show the infinity of imagination, high taste and 

dedication of building masters. 

The image of the cross forming core is explained as the «cross of light» (Agatangeghos), «the 

sun» (Kaghankatvatsi), the tree of life, the idea of God’s crusification and resurrection. Artsakhi 

people always being in the conditions of attacks and oppression of foreign dictatorship felt the need of 

God's support the most and most often addressed the cross stone, as N. Mar said, «that closest 

recorder» which was the best intercessor between God and Armenian». It seems that Ed. Mezelaytis 

said especially about Artsakhi cross stone: «Cross stone is an Armenian phenomenon, a unique 

symbol of Armenia. The stone carved on the stone symbolizes the suffering, the blood and the 

sacrifices which cruel history forced on this small number of ancient people. And the vegetation that 

covers the entire background of the slab symbolizes the vital force of those people whom disasters, 

death and genocide were powerless to» (Pravda, July 2, 1983). 

The spirit of national unity and commonality, the essence of cultural heritage and the sequence 

of events are also evidently manifested in Artsakh cross stone art. Many expressions and 

manifestations of artistic perceptions, inventive tricks and elements are visible in the cross stone art of 

Mother Armenia and its Artsakh part which is the birth of the same roots and prehistory, base of 

development, the result of national commonality and unity. 

    

Conclusion 

Monuments of memorial architecture of Artsakh (cross stones, monuments) are closely related 

to the stylistic features of other regions of Armenia, especially to the memorial structures of Syunik, 

the wall-cross monuments the best examples of which are those located in the complex of Bri Yeghtsi 

Monastery. 

Medieval Armenian cross stone art of Artsakh has influenced the formation and development of 

Artsakh School of Architecture. 
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Нагорный Карабах являается родиной арцахской школы армянской архитектуры, где 

создавались многие значимые ценности армянского архитектурного наследия: церкви, 

монастыри, комплексы, оборонительные и инженерные строения, выдающиеся произведения 
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хачкарного мастерства, монументы, меликские особняки, интересные примеры народных 

жилых домов, многие из которых занимают достойное место не только в архитектурной и 

культурной сокровищнице армянского народа, но и в мировой. 

Созданная в Карабахе архитектурная школа прошла те же основные этапы развития, что 

и другие общармянские архитектурные школы. Она зародилась в дохристианскую эпоху, 

пройдя затем сквозь принятие христианства в четвертом веке и расцвет средневекового  

периода. Обладая особенностями, обусловленными местностью и традициями, всеобщность 

Арцахской и общармянской архитектуры проявляется в объемно-пространственных строениях, 

в планировке, в конструктивных решениях, в технике строения, в использовании традиционных 

строительных материалов, в пропорциях, в форме, в хачкарном искусстве и т.д.  

В средневековье в Арцахе в основном развивалась церковная архитектура – церкви, 

храмы, часовни, монастыри. В тот же время также активно развивалась писменность и 

хачкарное искусство. Хачкары в Арцахе являются самыми типичными и распространенными 

средневековыми армянскими памятниками. Хачкары являются символами самобытности 

армянской средневековой культуры.  

 

Ключевые слова: Нагорный Карабах, архитектурное наследие, средневековье, 

сооружения, церкви, монумент, монастыри, Арцахская школа, культура, памятники, хачкарное 

искусство.  
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USING 3D PANELS IN SHORT-TERM BUILDINGS AS 

 EXTERNAL CONSTRUCTIONS 
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National University of Architecture and Construction of Armenia, Yerevan, RA  
 
 

3D panels are considered to be up-to-date external structures with certain important features. 

The article first presents what 3D panels are, why they should be used and then methods of panel 

erection. We refer to their thermal resistance and present the advantages and disadvantages of using 3D panels.  

 

Key words: 3D panels, structure, construction, construction construction technologies, foamed 

concrete, short creating. 

 

Introduction 

Under present-day conditions of technological development new demands are required from science. 

Particularly it concerns the introduction of technological achievements in the construction sector. Before 

launching them into the construction process, they go through many stages: processing, testing and 

commissioning. The main challenge of construction sector of the 20th century was to reduce construction period 

and costs. 

There is currently a crisis of fundamental innovation around the world and in many areas. For example, 

not more than 7% of the natural raw material extracted in technologies for converting materials and energy is 

consumed in the finished product and the rest is wasted or used in vain. The current situation has led to new 

trends in the development of construction: 

- Transition from discrete (cycle) technologies to continuous (intranet) production processes as the most 

efficient and rational. 

- Introduction of non-waste technology cycles into production as it is more environmentally friendly [1]. 

3D panels used in short-term buildings is one such environmentally friendly and affordable technology. 

 

Conflict setting   

The technology of 3D panels is based on polystyrene foam and the use of shotcreting method. 

This advanced technology is unique in its simplicity and profitability; it reduces energy consumption 

and allows reducing both construction costs and time spent on the construction. 

3D panel is a versatile element used to create almost all basic building elements and 

infrastructures (foundation, floors, walls, partitions, roof, stairs). 

3D panel is a spatial structure consisting of a expanded polystyrene plate both sides of which are 

fixed wire fabrics made of high strength wire. The mesh fabrics are connected by penetrating metal 

rods [2]. Mesh fabrics are welded at an angle; it gives a spatial rigidity to the structure and 

simultaneously prevents expanded polystyrene core shifting. 

Main advantages and disadvantages of 3D panels compared to traditional building 

structures: 

3D panel consists of three-dimensional metal frame and expanded polystyrene foam light core. 

The strength of this structure is additionally provided by diagonal cross rods attached to the 

mesh on all sides. 

Standard panel with dimensions of 3x1.2 m weighs about 20 kg. 

The advantages of 3D panels are: 

1. strength; 

2. simplicity of structure; 

3. the possibility to quickly and easily install with hands; 

4. energy and heat savings; 

5. absence of strict foundation requirements. 
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As it has been already mentioned, the second component of 3D panels is expanded polystyrene 

which means that 3D panels have an organic structure. Expanded polystyrene has the following major 

disadvantages: 

1. susceptible to UV degradation (corrosion); 

2. low resistance to mechanical shock. 

These two disadvantages of expanded polystyrene indicate that 3D panels with expanded 

polystyrene are not suitable for long-term buildings. 

Given the fact that the 3D panel is considered an organic material, its core deteriorates over the 

years (25-30 years) and becomes a sandlike mass. It follows that after deterioration of the core two 

layers of foam concrete remain and the air between the layers, resulting in a complete change of 

thermal resistance and an adverse effect, as the thermal resistance of the air layer is quite low. 

Therefore, when calculating the durability of 3D panels, it is also necessary to calculate the thermal 

resistance. 

The thermal resistance is calculated by the following formula:  

     

where:  

 

   

 

 
Using formula 1, we will have in our example: 
 

 

where: 

   

 

 

 

 
 

 
 

Fig. 1 Schematic structure of 3D panel 

(1) 
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Features of erecting 3D panels 

Now let us discuss the technology of assembly of elements and general installation more 

detailed. The 3D panel is a spatial branched structure consisted of high quality wire fastening meshes 

and rods which are welded at an angle with polystyrene foam and are held by fire rod (Fig.2). 

 

 
 

Fig. 2 Structure of 3D panels 

 

Shotcreting is one of the most important stages of erecting 3D. This is a method of applying 

concrete layer or other mortar (plaster, clay) to the surface of concrete or reinforced concrete 

structures. This is a coating with foamed concrete. Shotcreting is applied under the compressed air 

pressure as a result of which the cement particles interact closely with the surface of the structure 

filling even the cracks and small pores (Fig. 3) [3]. 

 

 
 

Fig. 3 Shotcreting process 

 

Fast-hardening cement is used when a method of shotcreting with foamed concrete is applied. 

The panel is coated with 4-5cm thick foamed concrete layer from the outside and with 3-4 cm thick 

layer – from the inside. 

3D panels can be applied to any building if the service life of the building and the heat-

resistance calculation match [4]. 

3D panels are also used for internal walls. To ensure surface roughness the installation of panels 

starts at the corner of the building and they are successively fixed with reinforcing bars ensuring them 

with a soft wire. Installation of panels in one of the floors takes an average two-three days. 
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Fig. 4 Window and door parts installation 

 

Installation of utilities is another important point in the building erection. The advantage of this 

technology is that it is quite easy to install all communications or initially to identify them considering 

the correct technological sequence of work. After all the steps are completed, proceed to the next 

design - the roof. 3D panels allow you to get any angle the most convenient for the roof. 

Smooth surface allows to apply absolutely any type of coating [5]. 

 

Research results   

The use of 3D panels provides the most rationality in economic terms. Compared to other 

traditional building structures, the cost of 3D panels is reduced by 60-70%. In addition, any method of 

interior decoration can be used: paints, wallpapers, tiles etc. 

Combining correctly all structures we can obtain an appropriate reinforced concrete structure 

where the 3D panels are completed with reinforced concrete mesh. 

The result is a building with fairly simple construction method.  

 

Conclusion 

Consequently as a result of our research we realized that 3D panels are one of the contemporary 

construction innovations and are widely used abroad. They are especially important when used in the 

short-term buildings. 

An important advantage of 3D panels is that they are efficient. Compared to traditional 

constructions, 3D panels have a low cost threshold. However, in addition to the advantages, 3D panels 

have disadvantages making them suitable for buildings with short-term maintenance as due to air 

temperature fluctuations they will be corroded and the building will become unreliable.  

Hence, these studies allow to realize that for meeting current construction requirements, the 

infrastructures or structures with features complying all the proposed construction requirements like 

3D panels shall be used. 
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3D панели считаются современными внешними стороительными конструкциями, 

которые имеют некоторые важные своиствия.  

В статье сперва говориться что из себя представляют 3D панели, для чего важны ихние 

использывание, а так же говориться как эти конструкции монтажируеться. Мы ссылаемся на 

его тепловое сопротивление. Также представлены преимущества и недостатки использования 

3D панелей.  

 

Ключевые слова: 3D панели, строительство, строительные технологии, пенобетон, 

кладка, торкретирование. 
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The current state of development of the events shows that the fight for the use of water resources and 

other resources will intensify both in the world and in the Republic of Armenia which can be compared to the 

fierce struggle for hydrocarbon fuel. We note only one difference. If oil has substitutes and activities for the 

wider use of alternative fuels do not stop, then water remains the only and exclusive resource that is not 

replaced by another alternative. Under such conditions, the issues of water use and conservation become 

increasingly urgent  which are particularly important in the Republic of Armenia as it is impossible to develop 

the economy without water resources as well as to meet the growing demands of the population for this 

indispensable resource. 

 

Key words: water resources, water crisis, water offer and demand, water intake, water 

utilization, surface and underground water resources, regenerating water resources.  

 

Introduction   

In almost all countries around the world issues about water utilization are very significant so 

most states have both short-term and long-term strategies for using them. The Republic of Armenia is 

included in a group of countries with a high level of water crisis according to the current classification 

of water resource crises which obliges to pay more attention to identifying ways of increasing the 

efficiency of utilization of water resources in the republic both today and in the future. 

 

Conflict setting   

The authors cover a brief description of the RA water resources, the general picture of water 

distribution and and water utilization, freshwater renewable resources, water losses and other 

indicators characterizing the utilization of water resources presenting the economic potential which 

can make possible the exporting of water. From this point of view, it was important to identify export-

related issues and discuss ways to solve them. 

By World Resource Institute which investigates the natural resources (water, energetics, forestry 

etc) and climatic changes, the data on provision of water supplies of all the countries of the world had 

been published which definitely vary from the visions about water resources of RA existing up to now. 

The researchers of the institute underline that particularly water crises become usual and typical to 

many countries about which such approaches have not been formed yet.        

The causes of the water crises are not only limited by droughts but are also due to increased 

demand for water around the world noting that demand has more than doubled since the 1960s. 

Researchers from all countries of the world have been divided into five groups classified by the 

severity of crises of water resource. Thus, in 17 countries which are in extreme crisis (12 of which are 

the Middle East and North African countries), one quarter of the world population lives and in average 

each year 80% of available water resources of those countries is produced for irrigated agriculture, 

industry and domestic use.  

The other group consisting of twenty-seven countries, including the Republic of Armenia, is 

characterized as a group of countries with a high level of water crisis where each year more than 40% 

of available water resources is produced. The countries with the highest water resource crisis are: 

Chile, Cyprus, Yemen, Andorra, Morocco, Belgium, Mexico, Uzbekistan, Greece, Afghanistan, Spain, 
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Algeria, Tunisia, Syria, Turkey, Albania, Armenia, Burkina-Fasone, Jibuty, Namibia, Kyrgyzstan, 

Niger, Nepal, Portugal, Iraq, Egypt and Italy where one third of the world's population live together. 

Other countries are grouped in this way:  

 Countries having higher than average rate of water crisis where 24 countries are included 

(among them China,  Kazakhistan, Tajikistan and Azerbaijan),  

 Countries having lower than average rate of water crisis where 32 countries are included 

(among them the USA, Ukraine, Georgia, the Russian Federation and Moldova),  

 Countries having low rate of water crisis where 64 countries are included (among them 

Canada, Finland, Norway, New Zealand, Belorus) [1]. 

The global crisis of water resources has many impacts on livelihoods and economies of people 

posing serious threats to the lives, living standards and sustainable operation of economic entities. 

With the increase in population and the socio-economic development of countries, demand for water 

tends to increase while climate change makes precipitation, weather forecasting and the formation of 

renewable water resources more unpredictable. 

The survey by World Resource Institute also identifies the main ways to overcome the water 

crisis. First of all, the focus should be on increasing the efficiency of agriculture which means that 

every amount of water should support the growth of plants. In particular, the main emphasis may be 

on the use of such seeds that require less water and the use of irrigation systems that allow the use of 

the exact amount of water required without overcrowding and wasteful flooding of cultivated areas. In 

order to have an efficient agriculture, it is also important to make capital investments aimed at 

increasing water productivity. 

The second direction which is mentioned by the specialists of the institute, is the investments in 

“gray” and “green” infrastructures. The analysis also shows that the indicators of the water resource 

crisis can vary greatly throughout the year. “Green” infrastructure built in the form of new pipelines 

and treatment plants can simultaneously solve issues of both water supply and water quality. 

Water recycling and re-utilization is the third area that will help to cope with the water crisis. 

Recommendations in this regard are to treat wastewater as a “new” source of water after recycling [1].  

Among the factors contributing to the socio-economic development of any country 

including labor, capital and entrepreneurial experience and skills are the importance of both 

natural resources and conditions and their inclusion in the economic circulation and the efficient 

management and organization of these processes. 

Moreover, it is possible to achieve the improvement of such important indicators 

characterizing the level of development of the country as national wealth, which, being one of the 

main macroeconomic indicators, essentially describes the level of capitalization of the economy 

of the country. It is currently characterized by four components - manufactured, natural, human 

capital and the dimension of net external assets. It is sufficient to note that according to World 

Bank estimations, national wealth was totally US $ 52894 per capita including 15451 produced 

capital, 12702 natural capital, 27329 human capital and US $ -2588 net assets [2 , p. 226-233]. 

The negative dimension of trade balance was characteristic for all the years of the third 

Republic of Armenia. Thus, the export of Armenia amounted to USD 270,9 million in 1995, 

import - USD 673,9 million, the negative balance of foreign trade amounted to -403,0 million 

USD. In 2000 these figures were like this: exports - $ 300,5 million, imports - $ 884,7 million and 

the negative balance - $ 584,2 million, in 2005 – 973,9, 1801,7 and -827,8, in 2010 – 1041,1, 

3748,9 and -2707,8, in 2015 – 1485,3, 3239,2 and -1753,9, in 2016 – 1791,7, 3273,5 and -1481,8 

respectively. In 2018 exports amounted to $ 2412,4 million, imports - $ 4975,5 million and 

negative balance - $ 2563,1 million [3].  

The negative balance of foreign trade led to the negative balance of payments balance of the 

republic which led to the increase of the external debt of the Republic of Armenia (which amounted to 

USD 5536,4 million in 2018) [3], whose further increase is due to serious socio-economic and 

political problems.  
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Taking into account the above mentioned and many other circumstances, it is important to 

identify and use new sources of revenue growth in the country among which we believe that water 

resources are important. And if we notice that a significant portion of these resources are not used in 

the country and are flowing to neighboring countries, then it will become clear that one of the most 

valuable natural resources in the world, water, is “exported” from the country at zero cost. If in the 

basis of the exchange value of any commodity the consumption value of that commodity is primarily 

(but not exclusively) set, then water is the only commodity that is indispensable (as opposed to, for 

example, oil that can be replaced by many other alternatives). 

 

Research results   

Brief description of water supplies of the Republic of Armenia.  Water resources of Armenia 

are formed mainly from the regional atmospheric precipitation  and from the water flows of border 

rivers the Araks and the Akhuryan.  Though most part of researchers has one opinion on the sources of 

formation of water resources of Armenia , however, various dimensions are presented during the 

estimation of their storages [4, p. 45, 5, p. 27 and 34, 6, 7, 8, p. 84 and 278, 9, 10, p. 63-67, 11]. 

Even for an index such as the average long term surface water flow which is relatively stable 

(determined on the basis of averaged data of 75–80 years), the conclusions are very different. There 

are also significant differences between the indices of groundwater characterization, in particular, in 

terms of the use of their storages (or, as previously assumed, “operation”). Thus, water resources (both 

surface and underground) are estimated to range from 11,7 km
3
 to 9,0 km

3
 and even 7 km

3
, 

respectively [12, p. 59]. 

Average  annual precipitation in Armenia was 592 mm. and in 2017  it was 481,0 mm in 1961-

1990. (The 2017 precipitation deviation was – 111,0 mm compared to that of 1961-1990) [13, p. 118]. 

Unlike 2017 and 2018, such deviation has had a positive effect. The average  annual precipitation was 

606,3 mm. in 2018 which is 14,3 mm higher than the long term norm of 1961-1990 [14, p. 132]. 

Over 80% of the total river flow is formed (excluding Lake Sevan) in the Republic of Armenia.  

Much of the leftover surface flow forms the transit flow of border rivers of the Araks and the 

Akhuryan [15, p. 5]. Borderline river influx is estimated equally as 0,9 billion cubic meters per year. 

The difference between groundwater influx and outflow is positive, about 0,1 billion cubic meters per 

year. The current evaporation is 11,5 billion cubic meters and the continuous flow of inner rivers is 6,3 

billion cubic meters. The renewing  storages of surface waters comprise 7,2 billion cubic meters per 

year. About 2,3 billion cubic meters of this water are used (originally 4 billion cubic meters), 2 billion 

cubic meters of which (previously 3 billion cubic meters) are used for irrigation and provision for 

other production areas and 430,0 million cubic meters (previously 550 million cubic meters) for 

drinking and domestic purposes [16, p. 5-6].  

The study of the data in Table 1 allows to observe the above-mentioned patterns summarizing of 

which we can note that all indicators of water intake and water utilization decreased in 2018 compared 

to 1990 with the total volume of water intake by 31,1%, water intake from groundwater sources 

decreased by 10,1%, total water use by 44,9%, drinking and domestic water use by 70,8%, water 

utilization for industrial, utility and construction purposes by 65,2%  and water utilization in 

agriculture, fish production and forestry by 34,9 %.  

Table  1 

Water intake and water utilization in the Republic of Armenia in  

1990-2018, mln. cube meters  
 

 
1990 1995 2000 2005 2010 2015 2016 2017 2018 

1 2 3 4 5 6 7 8 9 10 

Water intake, totally 3942.0 2531.0 1871.2 2770.6 2126.4 3271.7 3181.9 2865.4 2714.4 

Among them from 

underground waters 
1325.4 851.0 533.0 803.0 1005.2 1304.4 1136.3 1154.5 1191.6 
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1 2 3 4 5 6 7 8 9 10 

Totally used water 3497.0 1478.0 1046.0 1905.0 1341.2 2533.1 2470.0 2040.0 1926.5 

Including for needs          

Drinking * 634.0 527.0 107.0 69.0 67.1 96.5 107.7 107.6 185.1 

Industry, household 

and construction 
406.0 209.0 42.0 70.0 121.4 153.3 145.4 225.2 141.4 

Agriculture, fish 

industry and forestry 
2457.0 742.0 897.0 1766.0 1152.7 2283.3 2216.8 1707.2 1600.0 

* Up to 2000 included for drinking and domestic needs  

Source by data base of RA statistical service of the department of “Water resources”, statistical annual of 

Armenia of 2019, RA Statistical committee, 2019, p. 216, RA Statistical committee, 2011, RA NSS, 2011, 

p. 217, statistical annual of Armenia of 2007, RA NSS, 2007, p. 190,  statistical annual of Armenia of 2002, 

RA NSS, 2002, p. 217, statistical annual of Armenia of 2001, RA NSS, 2001, p. 173, statistical annual of 

Armenia of 1993-1994, RA NSS, (https://www.armstat.am/am/?nid=586&year=1994), p. 69  

 

Table 2 presents the data on renewable freshwater resources in the Republic of Armenia for the 

years 1990-2018 as well as the average  values of long term observations which can be compared with 

the deviations for each year from the “normal” values. 

Table  2 

The renewing resources of  freshwater in RA in 1990-2018,  the rates, mln. cube meters 
 

 

Average 

long term 

values 

1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 

Precipitation 16710 15794 15407 11264 12516 17761 18595 15287 18714 16658 19221 

Summative  

evaporation 
9851 10426 10526 9032 9750 10930 10997 10531 11320 11081 11367 

Influx 6859 5368 4881 2232 2766 6831 7598 4756 7394 5577 7854 

Surface and 

underground influx 
910 1442 1189 641 557 1062 1086 1546 1063 1157 1513 

Renewing water 

resources 
7769 6810 6070 2873 3323 7893 8684 6302 8457 6734 9367 

Continued   

 
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Precipitation 13378 17713 19447 19579 15997 16310 16493 18506 19012 14335 18059 

Summative  

evaporation 
9840 10674 12549 11066 10816 10773 11432 12827 12928 10382 12120 

Influx 3538 7039 6898 8512 5181 5537 5061 5678 6084 3953 5939 

Surface and 

underground influx 
901 1294 1783 773 641 842 471 763 798 710 632.4 

Renewing water 

resources 
4439 8333 8681 9285 5822 6379 5532 6441 6882 4663 6571 

Information source by data base of the department of “Water resources” of RA statistical committee 

 

 

 

https://www.armstat.am/am/?nid=586&year=1994
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The current state of utilization of water supply of the Republic of Armenia  

Data of freshwater intake and water utilization (by classification of economic activity) 

studied in 2011-2018 in the RA shows that water intake increased by 11,3% in 2018 compared to 

2011 (from 2438,3 million m
3 

in 2011 to 2714,4 million m
3 

in 2018). The largest volume of water 

intake was observed in 2015 – 3271,7 million cubic meters. A study of water utilization 

indicators shows that it increased by 10,8% in 2018 compared to 2011 (from 1738,1 million cubic 

meters in 2011 to 1926,5 million cubic meters in 2018) and the highest rate of water utilization 

was also in 2015 – 2533,1 million cubic meters (Table 3). 

According to classification of economic activity the largest water intake implementers were 

the spheres of water supply, sewerage, waste management and recycling with a share of total 

water intake from 65,8% in 2011 decreasing to 70,7% in 2018 with water utilization indicators 

comprising 9,5% and 12,3% respectively. Irrigation occupies the first place in the water 

utilization index with the share of total water use rate reaching 49,3% from 2011 to 55,3% in 

2018. The water intake and water utilization for the purpose of fish industry is also significant, 

the water intake for these purposes was only 20,5% in 2011 and 18,1% in 2018 and water 

utilization 28,7% and 25,4% respectively (Table 3). 

Table 3 

Freshwater intake and utilization (according to the types of economic activities) in 2011-2018, mln. m
3
  

 

2011 2012 2013 2014 2015 2016 2017 2018 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Total RA 2438.3 1738.1 2941.2 2187.2 2955.1 2089.1 2860.5 2112.8 3271.7 2533.1 3181.9 2470.0 2865.4 2040.0 2714.4 1926.5 

Agriculture, 

forestry and 

fish industry 

627.5 1367.7 790.9 1793.2 1362.8 1845.9 921.3 1748.1 1097.7 2269.9 896.6 2191.6 961.4 1751.6 660.4 1553.8 

Irrigation 127.5 867.7 178.7 1181.1 561.1 1044.5 224.9 1051.7 357.6 1519.1 227.3 1522.3 446.3 1236.6 167.8 1064.6 

Forestry 0.3 0.2 0.4 0.4 0.6 0.5 0.5 0.5 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 

Fishing/ fish 

industry 
499.7 499.7 611.8 611.7 801.1 800.9 695.9 695.9 740.1 750.1 669.3 669.3 515.1 515.0 492.6 489.2 

Mining 

industry and 

open mine 

exploitation 

54.9 54.9 152.3 152.2 58.4 58.3 101.9 133.8 44.0 88.1 81.6 81.5 83.9 83.9 84.0 84.0 

Processing 

industry 
93.6 9.4 45.9 4.5 41.7 4.1 38.0 4.2 41.1 4.2 5.9 6.0 7.7 7.7 17.1 17.1 

Electricity, 

gas, steam 

and good 

quality 

electricity 

provision 

40.9 38.3 33.5 32.1 23.1 22.2 27.9 27.8 24.2 24.2 21.6 21.4 27.2 27.2 28.9 28.9 

Water 

supply, 

sewage, 

waste 

management 

and recycling 

1603.2 165.4 1902.3 147.6 1456.8 113.1 1744.2 147.8 2060.7 119.1 2166.0 123.2 1747.7 132.1 1919.1 237.8 

Water supply 

(water 

collection, 

processing, 

distribution) 

1602.0 164.3 1902.2 147.4 1444.9 111.2 1743.8 147.5 2050.7 97.2 2165.7 122.7 1744.4 128.8 1805.7 124.4 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

from which 

for irrigation  
1017.7 - 1317.6 - 927.9 - 1221.7 - 1574.9 - 1645.9 - 1165.2 - 1221.6 - 

Construction 0.7 0.7 0.5 0.5 0.2 0.2 4.7 4.7 0.1 0.1 0.1 0.1 3.6 3.6 0.2 0.2 

Other types 

of economic 

activity  

17.4 101.7 15.8 57.1 12.2 45.3 22.5 46.4 3.2 27.5 10.1 46.5 33.9 33.9 4.7 4.7 

GDP, mln. 

USD (PPP, 

equivalent 

value, 2011) 

- 20192.6 - 21646.5 - 22360.8 - 23165.8 - 23907.1 - 2395.9 - 25751.6 - 27090.6 

Water 

utilization by 

GDP 1000 

USD (PPP, 

purchasing 

value, 2011), 

mln.m 
2
/1000 

USD   

- 86.1 - 101.0 - 93.4 - 91.2 - 106.0 - 103.1 - 79.2 - 71.1 

Information by data base of RA statistical committee «Water resources» department    

Citation  http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a 

 

The dimension of the indicator of water utilization depends on the technological as well as 

anthropogenic and other factors of individual types of economic activity. Table 4 presents the water 

utilization of the Republic of Armenia in 2015-2018 by main economic activity types of water 

utilization. From the above mentioned data it follows that water utilization for 1000 AMD of GDP of 

Armenia in 2015-2018 differ significantly from each other. Thus, if the index in 2018 was the highest 

in the water supply, sewage, waste management and recycling sector comprising 8,10 and for certain 

types of activity it stood around 0,0 in construction and in recycling industry it comprised about 0,03. 

Totally, the water utilization for 1000 AMD of GDP produced in the RA comprised 0,32 m
3
 in 2018 

and it decreased (0,50) compared to 2015 while the average for the years studied (2015-2018) was 

0,42 m
3
. 

Table  4 

Water utilization for 1000 AMD in RA GDP in 2015-2018 according to 

 main types of economic activities of water users  
 

  GDP, mln.  AMD Water utilization, mln. m3   

Water utilization for 1000 AMD 

of GDP (current prices), m 3/1000 

AMD  

  2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017 2018 
Average 

2015-2018 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Agriculture, 

forestry and 

fish industry   

868,671.0 830,553.4 834,354.6 822,444.4 2,533.1 2,470.0 2,040.0 1,926.5 2.92 2.97 2.45 2.34 2.67 

 Mining 

industry and 

open mine 

exploitation    

107,717.5 130,835.2 185,510.3 173,213.2 88.1 81.5 83.9 84.0 0.82 0.62 0.45 0.48 0.59 

Processing 

industry   
464,325.5 521,153.4 591,568.3 679,030.0 4.2 6.0 7.7 17.1 0.01 0.01 0.01 0.03 0.01 

 Electricity, 

gas, steam 

and good 

quality air 

provision 

231,279.0 227,107.8 226,849.4 220,860.0 24.2 21.4 27.2 28.9 0.10 0.09 0.12 0.13 0.11 

http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Water 

supply, 

sewage, 

waste 

management 

and recycling   

19,223.5 23,795.6 27,839.0 29,340.4 119.1 123.2 132.1 237.8 6.20 5.18 4.75 8.10 6.06 

Construction   474,107.0 393,176.4 404,402.7 397,824.6 0.1 0.1 3.6 0.2 0.00 0.00 0.01 0.00 0.00 

Other types 

of economic 

activities   

2,878,309.7 2,940,671.7 3,293,969.0 3,682,345.5 27.5 46.5 33.9 4.7 0.01 0.02 0.01 0.00 0.01 

Total (gross 

domestic 

product or 

water 

utilization) 

5,043,633.2 5,067,293.5 5,564,493.3 6,005,058.1 2,533.1 2,470.0 2,040.0 1,926.5 0.50 0.49 0.37 0.32 0.42 

Source by statistical annual of Armenia 2019, p. 236, 247-248, data base of RA statistical committee 

«Water resources» 

Citation by http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a  

 

Let us note that freshwater of Armenia differs with its high quality and part of it being 

«formed» contain those useful mineral substances necessary for human beings (Table 5).  

Table  5 

Freshwater intake (surface and underground),  

according to their indicators and years, mln. m 
3
 

 

 
1990 1995 2000 2005 2010 2015 2016 2017 2018 

1. Water intake (Totally 

2+3), mln.m3 
3942.0 2531.0 1871.2 2770.6 2126.4 3271.7 3181.9 2865.4 2714.4 

2. Water intake from surface 

springs, mln. m3 
2616.6 1680.0 1338.2 1967.6 1250.6 1967.3 2045.6 1710.9 1522.8 

3. Water intake from 

underground springs, 

mln.m3 

1325.4 851.0 533.0 803.0 875.8 1304.4 1136.3 1154.5 1191.6 

4. Renewing water 

resources,    mln.m3  

annually 

7769.0 6070.0 2873.0 8457.0 8681.0 6441.0 6882.0 4663.0 6571.4 

5. The index of exploitation 

of water resources (WREI), 

% 

50.7 32.6 24.1 35.7 27.4 42.1 41.0 36.9 34.9 

Source by data base of RA statistical committee «Water resources» 

Citation http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a  
 

Losses of water resources  

The study of statistical data shows that there are still significant losses of water resources in the 

Republic of Armenia. It should be noted that the water losses in 2011-2018 did not decrease but 

increased reaching from 700,1 million cubic meters in 2011 to 787,9 million cubic meters in 2018. 

The highest loss was in 2013 (866,0 million cubic meters). In other words, if in 2011 the loss of water 

resources to total water intake (2438,3 million cubic meters) was 28,7%, then in 2018  it comprised 

29,0%. In terms of storage the largest loss of water resources was recorded in the water supply, 

sewerage, waste management and recycling sectors where the share of total losses was 99,6% in 2011 

and 95,8% in 2018 (Table 6). 

 

 

http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a
http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a
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Table  6 

Water losses (according to the types of classification of economic activities)  

in 2011-2018, mln. m
3 

 

 
2011 2012 2013 2014 2015 2016 2017 2018 

Total RA 700.1 754.0 866.0 747.4 738.6 711.9 825.4 787.9 

Agriculture, forestry and fishing 0.1 0.1 0.2 0.2 0.0 0.0 0.0 33.1 

Irrigation 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 

Forestry 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 

Fishing /fish industry 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 

Mining industry and open mine 

exploitation 
0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 

Processing industry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Electricity, steam, gas and good 

air provision 
2.5 1.4 0.9 0.0 0.0 0.2 0.0 0.0 

Water supply, sewage, waste 

management and recycling 
697.5 752.4 864.8 747.1 738.6 711.7 825.4 754.8 

Water supply (water collection, 

processing, distribution) 
697.5 752.4 854.8 747.1 738.5 711.7 825.4 754.8 

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other types of economic activity 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Source by data base of RA statistical committee «Water resources» 

Citation  http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a  

 

If we consider the coefficient of efficiency of water resources in the Republic of Armenia (water 

utilization ratio to water intake), then we find it appropriate to consider it at two levels: a) the rate of 

final water utilization in water intake; and b) the rate of final water utilization of water utilization in 

the territory of the Republic of Armenia (we take them as  10 km
3
  or 10 billion cubic meters per year). 

In this case, we will have the following picture: in 2011, the coefficient of the efficiency of utilization 

of water made up for a) 71,3%, water utilization made up 1738,1 mln. m
3
) and for b) 17,4% and water 

resources loss  comprised 8261,9 million cubic meters, in 2017 respectively for a) 71,2%, water 

utilization comprised  2040,0 million cubic meters and b) 20,4% and water resources loss comprised 

7960,0 million cubic meters.The estimated utility coefficient for 2018 will be a) 71,0% , water 

utilization comprised 1926,5 million cubic meters and b) 19,3% and loss of water resources comprised 

8073,5 million cubic meters. 

In other words, every 4- 8 years (38,21 km
3
/7,96 km

3
) the Republic of Armenia “loses” one 

Lake Sevan. Thus, it turns out that the most expensive resource “exported” from the Republic of 

Armenia, fresh water is “exported” to the neighboring country at zero cost. It follows that radical 

reforms are needed in the country to improve the state of water utilization and increase the efficiency 

of utilization of water resources. 

 

Exporting and importing rates of natural or artificial mineral waters and soft drinks 

in RA. It can be seen from the data in Table 7 that the sizes of export and import of natural or 

artificial mineral water and soft drinks are insignificant which does not correspond to the 

potential and capacity of the RA water resources. Hence there is a strong need to sharply increase 

the export volumes of the above mentioned products. 

 

 

http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a
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Table 7 

Exporting and importing rates of natural or artificial mineral waters and  

soft drinks in RA in 2005-2018  
 

Goods Date 
Export 

(tonne) 

Export 

(1000 USD) 

Import 

(tonne) 

Import 

(1000 USD) 

1. Waters (natural or artificial 

mineral waters) and drinks 

(without sugar) 

2019* 17424.2 6603.0 411.9 291.1 

2018 18391.4 7430.4 585.8 364.3 

2017 16905.3 7333.3 1022.4 652.5 

2016 15039.8 6055.7 345.9 186.7 

2015 14702.6 5997.6 543.2 184.3 

2010 12771.1 5341.1 288.5 197.5 

2005 6342.2 1661.6 50.3 30.6 

2. Mineral water and soft drink 

(with sugar) 

2019* 4164.3 2401.5 44808.7 12447.3 

2018 25526.5 2611.6 20018.5 11456.1 

2017 4353.4 2980.0 18191.1 11555.1 

2016 5638.4 3661.9 70162.9 9305.3 

2015 3844.9 2848.3 14832.8 9105.6 

2010 2006.1 2025.9 20494.9 14639.4 

2005 1384.3 805.8 7526.5 3964.5 

Total  (1 + 2) 

2019* 21588.5 9004.5 45220.6 12738.4 

2018 43917.9 10042 20604.3 11820.4 

2017 21258.7 10313.3 19213.5 12207.6 

2016 20678.2 9717.7 70508.8 9492.0 

2015 18547.6 8845.9 15375.9 9289.8 

2010 14777.2 7367.0 20783.4 14836.9 

2005 7726.5 2467.4 7576.9 3995.1 
 

* Indices of 10 months of 2019  

Information by data base of «Foreign trade» of RA statistical committee and «Data base of foreign trade 

according to the 4th classification of goods list appellation»  

Citation  https://www.armstat.am/am/?nid=148  
  

Drinking water as product of international trade 

The study of individual products and services of world market shows that deep and 

comprehensive changes have taken place in the field over the last 20-30 years. Depending on demand, 

new products have emerged and on the contrary, due to lack of the demand, some of them are 

gradually “leaving” the market. 

One of the important products of the world market in recent years is drinking water which is 

gradually attracting more and more sizes and sectors in the export and import turnover of different 

countries. We can also surely say that the volumes of drinking water will increase significantly in the 

near future. Obviously, meeting the needs of the population for drinking water in individual countries 

is extremely problematic and these countries are looking for different ways to solve this problem. For 

example, it was mentioned about Antarctica  icebergs in the ways to satisfy the demand for potable 

water in Arab countries in 1970s which were pushed to the Arabic Peninsula and bottled to the 

population. On the  other hand, the countries that are rich in drinking water can take advantage of the 

situation on the world market and receive foreign exchange revenues which is needed to reduce the 

negative foreign trade balance of the country. 

From the point of view of expanding the export of potable water from the Republic of 

Armenia, it is important to present its developments in global market and discuss the dynamics of 

consumption of bottled water as well. With the rise of global urbanization and environmental 

pollution, the problem of drinking water is increasingly sharpened worldwide today as a result of 

which bottled water becomes a demanded product and its production becomes a profitable and 

promising business. Drinking water is one of the rare resources that our country is rich in. 

https://www.armstat.am/am/?nid=148


ECONOMICS 

71 

Production of drinking water, especially bottled water in our country is starting to gain new scale 

and quality. There has been a sharp increase in competition in this segment of the market lately 

with new players emerging, leading to increased market saturation. However, we still have an 

unsolved problem of distributing bottled water to the world market which is particularly 

important in the context of a rapidly changing context of world market.  

The growing interest in bottled water in the world is also evidenced by the amount of bottled 

water consumption compared to other beverages. In particular, according to statistics in the largest 

bottled water market in the United States in the last decade, consumption of this product appeared in 

the second place among beverages whereas it was the 5
th
 only 10 years ago. Over the years, bottled 

water has surpassed beer, coffee and milk and currently only rebates carbonated soft drinks. So in 

2000 the United States consumed 57 billion liters of carbonated soft drinks which comprised 28% of 

all beverages while bottled water was only 9% or 18 billion liters. According to the results in 2008, the 

consumption of carbonated soft drinks has decreased to 53 billion liters, while the consumption of 

bottled water has reached 33 billion liters (about 15% of total drinks consumption). There are clearly 

shaped market giants in the global bottled water market including Nestle, Danone, Coca-Cola and 

Pepsi Cola. The latter together account for more than 35% of world turnover. The leader is Nestle with 

12%, the second is Danone with 8,5%. According to expert estimatations, in the next five years these 

multifunctional food companies will focus on water production issues which in turn will contribute to 

increasing their role and market concentration in the global market. In total, 8 of the world's top 10 

brands in terms of sales belong to “Big Four”, 3 to Danone and Nestle each, 2 to Coca-Cola and Pepsi 

Cola each. The top five best-selling brands in the world are Aqua (Danone), Pure, Lile (Nestle), 

Wahaha (Danone) and Aquafina (Pepsi Cola). 

Chart 1 shows the countries with the largest amounts of bottled water sales in 2015 and the 

projected sales volumes of those countries in 2020. Figures indicate that China will remain the world 

leader in sales of bottled water which provided a 17% share of that product in 2015. 

According to the results of research conducted by The Business Research Company, the global 

bottled water market has grown by more than $ 200 billion providing a 9% annual increase due to 

concerns over the threat of contaminated water consumption from 2014 to 2017. In addition to 

concerns over health threats, the increase in bottled water consumption has also contributed 

substantially to the increase in disposable income of the population of Asia and the Pacific region as 

the largest bottled water consumers [17]. 
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Chart 1. The largest sizes of sale of bottled water in the world in 2015 and forecasting for 2020 (%) 

Source by  https://www.statista.com/statistics/252208/global-bottled-water-volume-share-by-region/ 

https://www.statista.com/statistics/252208/global-bottled-water-volume-share-by-region/
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Revenues in bottled water market worldwide totaled $ 286,2 billion in 2019 and this market is 

expected to grow at a very high rate with an average annual growth of 6,4% for 2020-2023 (Chart 2).  

At the same time, the largest part of the income of this sector in the world was formed in the USA, it 

was 67,6 billion USD in 2019. The income per capita in bottled water production totaled $ 38,84 in 

2019 with average consumption of per capita 61,5 liters in 2019 [18]. 
 

 
 

Chart 2. The revenues in bottled water sphere in 2010-2019 and  

the predictions utill   2023, billion USD   
 

Source by  https://www.statista.com/outlook/20010000/100/bottled-water/worldwide#market-revenue 
 

If we admit that one liter of drinking water exported from Armenia can be sold for $ 0,37 in 

the world market (let us note that the value of one liter of drinking water in the world market is 

almost equal to the value of one liter of oil which has risen significantly in the recent period, 

comprising 0,5 USD on October 22, 2018) [19], it is easy to see that the revenue from the export 

of one million liters (1000 cubic meters) of drinking water will amount to $ 370 million USD, 

exporting 10 million cubic meters we will get $ 3,7 billion which exceeds the amount of exports 

from Armenia in 2017 more than three times. Such a quantity of water can be taken from Lake 

Sevan and exported mainly through the shoreline to the Persian Gulf. It is also important to note 

that the amount of water can also be delivered to the countries of the region by gravity, knowing 

that Armenia is 700 meters higher above sea level than the countries of Persian Gulf by its 

geographical location which would significantly reduce the costs of transporting drinking water. 

By the way, for the implementation of this project it is advisable to create a consortium at the 

expense of those countries that would like to use the drinking water of the RA as they did in the 

neighboring Azerbaijan during the export of oil and gas.  
 

Conclusion   

Since independence the whole vision of scientifically-based and consistently implemented 

natural (including water) resource management has not been formulated in the Republic of Armenia 

for the long-term development of the economy of the country which would set out a systematic action 

plan for sector development. Such a package should take the utmost account of geopolitical, national 

security, resource, socio-psychological issues, the formation of new culture of utilization of natural 

resources, comparative advantages of foreign trade and other features. 

No matter how limited the resources are, there are always standards for their poor, good or 

better utilization and possible solutions. The subprojects providing access to the objectives set in the 

national interest are diverse (in the fields of agriculture, energy, information technology, education, 

https://www.statista.com/outlook/20010000/100/bottled-water/worldwide#market-revenue
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health) and include a comprehensive water resource utilization program in this list followed by 

detailed elaboration and step-by-step implementation. 

Therefore, taking into account the unique significance of water resources in the development of 

the Republic of Armenia and its economy, it is necessary to develop and approve integrated 

development plans in the form of laws for the use of the water resources of the Republic of Armenia 

for at least 15-20 years by five years term, three years term and yearly term phases. 
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Нынешнее положение дел и прогнозы развития показывают, что борьба за водные 

ресурсы и их использование будет обостряться. Притом эти тенденции замечаются как во всем 

мире, так и в Республике Армения, и в мировом масштабе сравнимы с борьбой за 

углеводородные энергетические ресурсы. Существенную роль играет одно отличие. Если у 

нефти есть заменители, а работы по нахождению и более широкому использованию 

альтернативных видов топлива не прекращаются, то вода остается единственным и 

исключительным ресурсом, который не имеет заменителей. В таких условиях вопросы 

водопользования и охраны водных ресурсов становятся все более актуальными, что имеет 

особое значение для Республики Армения, поскольку невозможно развивать экономику без 

водных ресурсов, а также удовлетворить растущие потребности населения в этом незаменимом 

ресурсе. 

 

Ключевые слова: водные ресурсы, кризис водных ресурсов, предложение и спрос на 

воду, водозабор, водопользование, поверхностные и подземные водные ресурсы, 

возобновляемые водные ресурсы. 
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Water resources are an important part of the natural resources of the Republic of Armenia. The study of 

the economic-legal system for regulating water relations, adopted in the early 2000s, shows that there are 

numerous shortcomings and gaps in the field occurred mainly from the violation of the requirements of the 

existing legal system. At the same time unnecessary changes and additions to the constitutional laws have 

actually worsened the state of the utilization of water resources in the Republic of Armenia. This has posed a 

challenge to the country which requires immediate correction of deficiencies and shortcomings in water 

relations, the creation of modern economic-legal system that takes into account the harmonization of both the 

state (as the owner of water resources) and the public interests thus ensuring effective partnership. The latter 

particularly implies the expansion of frameworks of state-private sector partnership and the application of 

various methods of such partnership.   

 

Key words: water resources, improvement of management of water resources, water code, 

corporation of water consumers, state-private sector cooperation, accreditation management, trade 

organization, renting, concession, free use of property.     

 

Introduction   

Water resources are the most important state resources and the rights of their disposing, 

possessing and using are defined by the RA Water Code (adopted by the National Assembly of the 

Republic of Armenia on June 4, 2002 along with the RA Law on Corporations of water consumers and 

Associations of water consumers). 

The Water Code of the Republic of Armenia, adopted on June 4, 2002,  founded the new legal-

economic and organizational system of water relations of the Republic, which, in addition to the above 

mentioned Code, includes the following three constitutive laws: Laws of the Republic of Armenia on 

«Companies of Water consumers and Unions of Water consumers», «Fundamentals of national water 

policy» and «National program of water». 

  

Conflict setting   

Taking into account that the aforementioned legal acts are systematic documents in the field of 

water relations and more than 17 years were required after they had come into force and there are still 

many shortcomings and gaps in the field, first of all let us try to analyze and evaluate the legal status 

of these documents realizing the need for sectoral reforms which will serve as a basis for meaningful 

changes in further reforms as well. 

However, as the analysis shows, after the adoption of the Water Code, the activity  of the system 

did not improve at all, but on the contrary, the costs and debts of the system increased while the 

efficiency of management decreased. One of the reasons of such a situation is the number of 

settlements left out of the services of supplying  drinking water (one reason is also that out of the five 

forms of water consumption defined by the RA Water Code only the right of free utilization of water 

systems has been applied so far and the remaining four which should implement new ways of 

investment and management in the water systems and in water consumer- companies – state relations 

remain on paper. An exception to this rule is the service of supplying drinking water provided by the 
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renter, but which also cannot be considered as highly effective especially when we take into account 

the high level of drinking water losses (about 570 settlements). 

Thus, most of the irrigation water pipelines in Armenia were built during the Soviet era and 

have a high degree of fatigue. The water supply systems of the Republic of Armenia have been in 

operation for 15-50 years, most of which are technically inadequate and currently the losses in the 

water supply system make up 80%.  

Hence all water consumers, the companies of the system and aslo the state are now dissatisfied 

from the acting system.  

 

Research results   

Water Code of the Republic of Armenia.  The RA Water Code can be considered as one of 

the most important codes of the third republic without exaggeration as it regulates perhaps the most 

valuable and indispensable resource of the Republic of Armenia such as water without which not only 

the economy of the country, but also the population of the country and its economy can not survive.  

In other words, the relations regulated by the Code refer to the vital activity of the whole republic. 

The purpose of the RA Water Code (Article 6) is: the protection of national water resources, 

satisfaction of the needs of citizens and the economy through effective management of consumable 

water resources, ensurance of the environmental sustainability and the provision of legal bases to solve 

the issues of the Code. Based on this purpose the Water Code was designed as a firm set of 

interconnected parts (chapters) whose implementation and application had to proceed in an organic 

and logical unity especially over time. 

However, as the study of amendments and supplements to the Water Code shows (Table 1), 

they are numerous and in many cases have not only violated the timeliness of the implementation of 

the Water Code, but have significantly reduced the effectiveness of the measures provided by the 

Code. 

Table  1 

The amendments and supplements to the Water Code of the Republic of Armenia     

(adopted on June 4, 2002 by the National assembly of RA)   
 

N 
Date of amendments 

and supplements 
Total 

From which 

Number Article (s) Number Article (s) 

1 2 3 4 5 6 7 

1 31.03.2003 2 1 121 1 121 

2 04.11.2003 1 - - 1 121 

3 18.11.2003 1 1 121 - - 

4 25.12.2003 8 7 
38, 39, 43, 44, 46, 79, 

14, 121 
1 79.1 

5 22.11.2004 1 1 121 - - 

6 08.12.2004 1 1 121 - - 

7 08.12.2004 5 5 121 - - 

8 20.05.2005 1 1 121 - - 

9 20.05.2005 3 2 121 1 121 

10 21.02.2007 1 - - 1 79.1 

11 16.11.2009 1 1 33 - - 

12 03.10.2011 2 1 33 1 8 

13 24.10.2011 11 4 
Title of 13th, 61th and 

9th chapters, 71 
7 

1, 14, 49, 55.1, 

61.1, 61.2, 71.1 

14 19.06.2013 1 1 33 - - 

15 23.06.2015 36 31 

1, 5, 12, 14, 19, 20, 36, 

38-43, chapter 5.1 

(47.1-47.3), 48, 56, 57, 

58, 59, 62, 73, 78, 79, 

79.1, 114, 118, 121 

5 

 

1, 47.1, 47.2, 47.3, 

121 
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1 2 3 4 5 6 7 

16 21.12.2015 16 6 1, 8, 10, 19, 30, 33 10 

19.1, 19.2, 25.1, 

30.1, 30.2, 32, 34, 

37.1, 37.2, 37.3 

17 29.06.2016 1 1 78 - - 

18 17.11.2017 3 2 10, 37.1 1 37.1 

19 23.03.2018 3 3 63, 64, 64 - - 

20 02.03.2018 16 13 

1, 4, 113, 14, 19.1, 

25.1, 39, 68, 75, 78, 

101, 103, 104 

3 62.1, 62.2, 62.3 

21 21.03.2018 1 - - 1 10 

22 16.12.2016 1 1 93 - - 

23 23.03.2018 3 1 12 2 1.1, 3 

24 19.06.2019 3 2 30.2, 92 1 1 

25 28.06.2019 2 1 33 1 30.1 

 

The study of amendments and supplememnts made show that the most amendments and 

supplements had been made in Article 121 of the code (Transitional theses). Though it is foreseen by 

the first part of the Article that till July 1, 2004 the legal acts containing legal norms in water relations 

should be correspondent to the Code, but before these acts are correspondent to the Code in water 

relations, they are implemented as long as they are not contradicting to the law, however, according to 

transitional theses, almost all legal acts supporting the operation of the Code, had been admitted with 

unnecessary noticable delays of deadlines and postpones or had not been adopted at all thus making 

the Water Code “invalid”. Let us bring several examples only.   

Hence, according to the 4
th

 part of the Article 121 on basics of national water policy the bill of 

RA Law should have been presented to the National Assembly of RA by the RA Government during 

six months but the RA Law on basics of national water policy was adopted only on May 3, 2005. 

According to the same Article of Water Code, the discussion of the bill on national program of water 

should be held during one year, but RA Law on national program of water was adopted November 27, 

2006. And the bill on drinking water according to the 4
th
 part of Article 121 of RA Water Code had to 

be presented to the discussion of National Assembly of RA during two years (later the date was 

changed into 4 years), has not been adopted up to now. 

The 6
th
 Chapter of RA Water Code is of separate importance and topic of discussion which runs 

about the 5 following ways foreseen in the Law on consumption of water resources and their 

management which are state property:   

1)  by accreditation management (which is regulated by Articles 50-52 of the Code and by the 

Government Decree N 81-N of January 9, 2003 which describes the procedure for accreditation of 

water systems);  

2) by an agrement of concession (regulated by Article 53 of the Code and the procedure  for 

signing agreements of concession on water systems by the decree of the Government of the Republic 

of Armenia N 245-N of January 30, 2003);  

3) by creating trade organization (regulated by Article 54 of the Code),  

4) by renting (regulated by Article 55 of the Code and by the decree of RA Government  N 243-

N of January 30, 2003 on enabling the private business entities to rent the water systems), 

5) by agreement of free utilization  of property (regulated by Article 55.1 of the Code).    

The variety of ways of utilization water systems mentioned above was aimed at    providing the 

water sector with advanced methods of management and opportunities for managers to increase 

responsibility for fulfilling their tasks thus attracting investment resources in this area as well. All of 

these has not been implemented in practice and, in fact, the implementation of 4 of the 5 forms of 

water management in Chapter 6 of the RA Water Code was distorted and mainly the free use of water 

systems management was being preferred which was not envisaged at the time of the adoption of the 
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RA Water Code (2002) (the first 4 forms mentioned above were envisaged). This form of transfer of 

the rights of property was augmented by a supplement to the RA Water Code (SL-273-N) on October 

24, 2011 when the first part of Article 49 of the Code was amended by new paragraph 5 which 

provides signing contracts for free use of property of water systems. In this case it is unclear how the 

water systems were managed for over ten years unless the methods provided by the Code of Water 

Systems Management were applied. 

The above mentioned process of transferring the rights of utilization of water systems, how 

strange it may seem, has been “implemented” by the Government of the Republic of Armenia. Thus, 

the decrees of N 81-N of the Government of the Republic of Armenia of January 9, 2003 on 

“Approval of the regulation of assigning the state-owned water system to the accreditation 

management ” and N 243-N on “Approval of procedure of transfer by renting according to the rights 

of utilization of state-owned water systems” on  January 30, 2003 of the Government of the Republic 

of Armenia and in all three Decisions N 245-N of the Government of the Republic of Armenia of 

January 30, 2003 on the Procedure for transferring the rights of utilization of state-owned water 

systems by concession agreement” were adopted for implementation of the RA Water Code. There 

was paragraph 2 in all three decrees stipulating that the Chairman of the State Committee of Water 

Economy by the Government of the Republic of Armenia was to submit to the Government of the 

Republic of Armenia the list of state-owned water systems (their parts) apt to accredited management, 

renting or concession agreement within 4 months  thus classifying them by priority.    

 However, instead of making the above classification and submitting recommendations to the 

Government of the Republic of Armenia, by the decree of Government Decision N 9-N, adopted on 15 

January 2004 the 2
nd

 paragraphs of those three decrees were recognized as invalid leaving much 

uncertainty in the decision-making process and in this way essentially demonstrated the reality which 

excludes the use of progressive ways of transfer and management of the rights of utilization of water 

systems. 

Hence, we can certainly insist that an absolute state monopoly has been established in the field 

of water utilization and management which has led to inefficient use and management of these 

systems excluding the use of progressive ways of management. And if we consider that water 

resources are the exclusive property of the state, we believe that the diversity of water systems 

utilization and management is a tool that can significantly improve the efficiency and use of 

management of water resources. 

Therefore, by preserving the diversity of utilization of state-owned water systems and their 

management under the RA Water Code, their practical application should be continued by correcting 

governmental errors in this area as well as allowing private capital to be incorporated into these 

systems and the application of new forms of management. For this purpose it is proposed to add to the 

RA Water Code new forms of rights of transfer of water systems (6): building - ownership -operation - 

transfer (BOOT) for realizing programs and (7):   building – ownership – operation or building – 

renting - mastering that will ensure improved governance, access to private property to these systems 

thereby ensuring competition which can significantly improve the situation. 

The reform of the use and management of state-owned water systems can be substantially 

promoted by the Law on State-Private Partnership adopted on June 28, 2019, and according to the 

peculiarities of utilization and management o water systems, if necessary, they should be mentioned in 

the Water Code as well. In such cases, the government may define the peculiarities of state-private 

partnerships depending on the nuances of the particular transaction. 

The proposed approach will contribute to the elimination of the state-owned monopoly on water 

systems management which reminds us of Spanish playwright Lopez de Vega's work “The Dog on the 

Grass”. As for the different forms of use and management of water systems (including the transfer to 

communities), this will be decided in practice as the legislative changes already adopted and proposed 

by us allow the application of these forms within the limits established by RA laws and other legal 

acts. 
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RA Law on «Companies and unions of companies of water consumers»   

Formation and activities of CWCs.  According to the RA Law on «Companies and unions of 

companies of water consumers» stated in 2002 aimed at improving the irrigation systems of RA based 

on the idea of hydrounit about 50 companies of water consumers had been crated in the republic.  

54 water consumption companies (CWUs) were formed on a voluntary basis in the Republic of 

Armenia with the support of the World Bank in 2003-2004. As a result of optimalization of 

institutional reforms in the field of irrigation, the companies have been reorganized in several phases 

as a result of which 15 CWCs are currently in operation. Unlike the drinking water supply system,  the 

primary and secondary water supply functions are carried out by different organizations in irrigation 

system. 

CWCs play an important role in irrigation water management. In particular, the operation and 

maintenance of inter-economic and intra-economic systems as well as the preservation of small 

pumping stations and reservoirs have already been transferred to CWCs. 

According to RA Government Decree N 422-N on 22.04.2015, the powers of the Executive 

Body of the Board of Regulators of RA CWCs and UWCs have been authorized to the State 

Committee of Water Economy (currently the Water Committee of the Ministry of Territorial 

Administration and Infrastructure). The management bodies of the CWC are the General Meeting of 

the Company and the Administration Council.The CWC is headed by an elected executive director. 

CWCs were formed mainly on the basis of the indivisibility of one hydrounit operating about 

1700 km of inter-economic and about 16 thousand km. km of inland canals, over 55 small and 

medium reservoirs, pumping stations and about 650 deep wells 90 of which are self-fountaining in 

over 600 communities for the provision of irrigation water supply services to about 180 thousand 

water users. 

According to the Land Cadastre of the Republic of Armenia, the irrigated land in Armenia is 

about 210 thousand ha 190 thousand ha of cadastral irrigated land are in the service area of CWCs. In 

recent years, CWCs have actually irrigated about 90 thousand hectare of land (Chart 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Chart  1. Factually irrigated areas by water consumption companies for years 

 

The studies show that the costs of water consumption companies increase year by year and at 

the same time the percentage of tax costs of water consumption companies decrease. Hence, the rates 

of the last five years show that the percentage of fees sharply decreased comprising 81,5% in 2014, 

81,2% in 2015, 75,5% in 2016, 63,5% in 2017 and 48% in 2018. According to separate CWC water 

distribution, the income of the companies and data on the fees and the structure of the rates in 2018 are 

presented in Table 2.   
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Table  2 

The rates and structure of RA CWCs water distribution, income and toll and toll rate in 2018   
 

N/N Name of CWC 

Water 

distribution 

th.m 3 

Income th. AMd Toll th. AMD Rate of toll % 

1 Yerevan 24,019.80 264,217.80 172,324.00 65.0 

 % to the total 4.32 4.05 5.25  

2 Artashat 71,595.90 787,554.90 519,506.90 66.0 

 % to the total 12.88 12.06 15.82  

3 Ararat 32,677.90 357,374.80 339,069.10 94.9 

 % to the total 5.88 5.47 10.33  

4 Armavir 140,205.20 1,542,257.20 502,429.00 32.6 

 % to the total 25.22 23.61 15.30  

5 Ejmiatsin 101,358.00 1,114,938.00 346,760.00 31.1 

 % to the total 18.23 17.07 10.56  

6 Shenik 34,523.20 709,755.00 333,239.70 47.0 

 % to the total 6.21 10.87 10.15  

7 Aragatsotn 62,563.40 688,197.40 303,500.00 44.1 

 % to the total 11.25 10.54 9.24  

8 Talin 20,733.00 228,063.00 114,271.00 50.1 

 % to the total 3.73 3.49 3.48  

9 Kotayq 30,639.00 406,869.00 291,698.50 71.7 

 % to the total 5.51 6.23 8.88  

10 Gegharquniq 7,094.00 78,034.00 52,203.60 66.9 

 % to the total 1.28 1.19 1.59  

11 Shirak 6,310.00 69,410.00 65,451.80 94.3 

 % to the total 1.13 1.06 1.99  

12 Tavush 6,514.90 71,664.10 70,085.00 97.1 

 % to the total 1.17 1.10 2.13  

13 Lori 1,736.10 31,993.20 29,972.40 93.7 

 % to the total 0.31 0.49 0.91  

14 Yeghegnazor 10,345.50 117,817.00 119,952.00 101.8 

 % to the total 1.86 1.80 3.65  

15 Syuniq 5,704.60 63,211.50 22,750.00 36.0 

 % to the total 1.03 0.97 0.69  

 Total 556,020.50 6,531,356.92 3,283,213.40 50.2 

  100.0 100.0 100.0  

 

Table was drawn on the data of RA Water Comittee of Ministry of Territorial Management and Infrastructures      

 

Current tariffs for irrigation water supply mainly cover current costs for operating and 

maintenance. The most part of these expenditures is financed by state subsidies and credits and grant 

funds (Table 3). 

Survey of irrigation system indicators also shows that in the period between 2006 and August 1, 

2018 actually irrigated hectares decreased by 2,4% in average, but the subsidies by RA state budget to 

irrigation system organizations (CWCs and «Jrar CJSC») increased by 23,2% in average with 

increasing 3,5% in average to CWCs and 43% to  «Jrar» CJSC. Operating costs per hectare increased 

by an average of 4,4%  against 2,4% reduction in actual irrigated hectares, if, for example, the 

operating costs per hectare were 66,7 thousand in 2006. In 2017 these expenses raised to 103,3 

thousand AMD or the actual growth in 2006 was 35%. 

Table 4 presents the main indicators of the irrigation sector of the Republic of Armenia in 2006-

2018. 
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Table 3  

RA subsidies for irrigation systems, debts and RA state budget, mln. AMD  
 

 2013 2014 2015 2016 2017 2018 2019 

D
eb

t 
b
y
  

0
1
.0

1
.2

0
1
3
 

2
0
1
3
 R

A
 b

u
d
g
et

ar
y
 

al
lo

ca
ti

o
n
s 

  
  

D
eb

t 
b
y
  

0
1
.0

1
.2

0
1
4
 

2
0
1
4
  
R

A
 b

u
d
g
et

ar
y
 

al
lo

ca
ti

o
n
s 

  
  
  
 

D
eb

t 
b
y
  

0
1
.0

1
.2

0
1
5
  
 

2
0
1
5
  
 R

A
 b

u
d
g
et

ar
y
 

al
lo

ca
ti

o
n
s 

  
  
  
  
  

D
eb

t 
 b

y
  
0
1
.0

1
.2

0
1
6
  

 

2
0
1
6
 R

A
 b

u
d
g
et

ar
y
 

al
lo

ca
ti

o
n
s 

  
  
  
 

D
eb

t 
b
y
  

0
1
.0

1
.2

0
1
7
  
 

2
0
1
7
  
R

A
 b

u
d
g
et

ar
y
 

al
lo

ca
ti

o
n
s 

  
  

D
eb

t 
b
y
  
 0

1
.0

1
.2

0
1
8
  

 

2
0
1
8
  
R

A
 b

u
d
g
et

ar
y
 

al
lo

ca
ti

o
n
s 

  
  
  

 D
eb

t 
b
y
 0

1
.0

1
.2

0
1
9
  
 

Total  1793.9 5374.2 1945.5 5491.8 2298.8 5585.4 3725.3 7077.2 2947.8 5207.5 5556.9 4922.0 9371.7 

From which               

1.Electricity  267.0  214.7  659.4  1506.4  1588.3  3071.0  11.3 
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2056.8 

3. Spring 

preparatory  
65.5 29.2 107.1 136.9 256.7 324.1 423.7 

4. Salary  94.6 105.2 181.4 282.7 242.4 406.4 538.9 

5.Taxes and 

fines  
56.5 57.5 27.0 38.0 109.5 109.1 241.3 

6.Loan and 

credit  
743.3 452.2 390.0 337.8 229.9 107.0 5886.8 

7.Other 

expenses  
91.5 107.8 118.5 93.9 34.2 174.1 212.9 

 

Table was drawn on the data of RA Water Comittee of Ministry of Territorial Management and Infrastructures      

 

Table 4 

Main indices of RA irrigation system in 2006-2018  
 

№ Rates 
Meas

ure 
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Average 

rate 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 

Irrigated 

areas , 

cadastrial   

Hectare 194,036 194,036 194,036 194,036  194,036 194,036 194,036 194,036 194,036 198,283 198,283 198,283 198,283 195,343 

2 

Irrigated 

areas, 

factual   

Hectare 123,298 126,819 128,860 128,076  128,767 129,417 130,527 130,280 130,942 115,769 101,214 97,473 92,890 120,342 

 

3 

Irrigated 

areas 

factual 

(growth or 

decrease 

compared 

to the 

previous 

year) 

%  2.9% 1.6% -0.6% 0.5% 0.5% 0.9% -0.2% 0.5% -11.6% -12.6% -3.7% -4.7% -2.21% 

4 

Costst of 

general 

exploitatio

n of the 

sphere   

Mln. 

AMD 
8,222.0 8,219.0 9,685.4 8,232.6 8,538.0 8,593.3 8,794.4 9,217.0 10,487.0 10,967.0 10,227.0 10,466.3 10,711.2 9,404.6 

5 

Costs of 

exploitatio

n for one 

hectare  

(average) 

AMD 66,684.3 64,809.0  75,162.5 64,279.0   66,305.9 66,400.5 67,376.2 70,747.6 80,089.1 94,731.8 101,043.3  107,377.0 115,311.0 79,790.3 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

6 

Costs of 

exploitatio

n for one 

hectare  

(growth or 

decline 

compared 

to the 

previous 

year) 

%  -2.8% 16.0% -14.5% 3.2% 0.1% 1.5% 5.0% 13.2% 18.3% 6.7% 2.3% 2.3% 4.28% 

7 
Used 

electricity  

Mln. 

kWt/hour 
104.4 96.2 115.2 80.3 79.0 88.0 109.0 106.2 118.1 115.2 94.6 119.6 168.2 106.7 

8 
Supplied 

water 
Mln..m

3
 . 574.8 521.0 575.2 412.0 448.7 414.6 471.8 472.0 461.2 473.7 454.2 450.6 626.6 487.4 

9 
Tariff for 

used water 
AMD/m

3
 7.0 8.0 9.0 9.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.1 

10 

Current 

fixed 

income 

Mln 

AMD 
4,023.3 4,168.3 5,177.0 3,708.3 4,935.7 4,560.8 5,092.0 5,179.9 5,050.1 5,198.7 4,987.8 4,956.8 6,891.6 4,900.7 

11 

Current 

income for 

one hectare 

(average ) 

AMD 32,631.1 32,868.2 40,175.4 28,953.6 38,330.2 35,241.4 39,011.1 39,760.0 38,567.2 44,905.4 49,279.6 50,853.3 74,190.9 41,716.4 

12 

Costs of 

exploitatio

n for one 

hectare  

(growth or 

decline 

compared 

to the 

previous 

year) 

%  0.7% 22.2% -27.9% 32.4% -8.1% 10.7% 1.9% -3.0% 16.4% 9.7% 3.2% 45.9% 8.68% 

 

13 

Sum of 

money 

from 

current 

income 

Mln 

AMD 
3,093.9 2,399.1 3,117.1 2,875.7 3,200.0 3,430.0 4,026.0 4,439.1 4,109.8 3,875.7 3,870.9 3,407.8 3,284.0 3,460.7 

14 

Collected 

money for 

one hectare 

(average) 

AMD 25,092.7 18,917.4 24,189.8 22,453.4 24,851.4 26,503.6 30,844.2 34,073.3 31,386.7 33,477.6 38,244.8 34,961.5 35,354.1 29,136.7 

15 

Compariso

n of 

collected 

sum with 

income 

% 76.9% 57.6% 60.2% 77.5% 64.8% 75.2% 79.1% 85.7% 81.4% 74.6% 77.6% 68.7% 47.7% 71.31% 

16 

State 

subsidies to 

CWCs 

Mnl. 

AMD 
3,715.4 5,420.0 4,952.3 5,250.4 4,756.0 4,179.5 3,934.4 5,372.8 5,491.7 5,580.9 7,077.2 5,253.1 4,762.6 5,056.9 

17 

State 

subsidies  

to CWC 

(growth or 

decline 

compared 

to the 

previous 

years) 

% -0.7% 45.9% -8.6% 6.0% -9.4% -12.1% -5.9% 36.6% 2.2% 1.6% 26.8% -25.8% -9.3% 3.64% 

18 

State 

subsidies to 

water intake 

Mln. 

AMD 
0 0 0 0 0 583,700 583,700 578,894 2,782,962 1,717,739 1,213,284 1,131,617 1,178,000 750,981 

19 

State 

subsidies to 

water 

intake 

(growth or 

decline 

compared 

to the 

previous 

years) 

%       0.0% -0.8% 380.7% -38.3% -29.4% -6.7% 4.1% 44.23% 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 

20 

Sum of 

state 

subsidies 

for one 

hectare 

(average) 

AMD 30,133.5 42,738.1 38,431.6 40,994.5 36,934.9 32,294.9 30,142.7 41,240.5 41,969.1 48,203.9 69,919.9 53,892.3 51,271.5 42,925.7 

 

21 

Sum of 

state 

subsidies 

for one 

hectare  

(growth or 

decline 

compared 

to the 

previous 

years ) 

%  41.8% -10.1% 6.7% -9.9% -12.6% -6.7% 36.8% 1.8% 14.9% 45.1% -22.9% -4.9% 6.67% 

22 

Debet 

debth of the 

sphere 

Mln 

AMD 
5,805.4 6,346.8 7,982.7 8,052.1 8,956.3 7,599.0 8,247.2 9,204.0 10,631.0 11,661.0 13,044.0 13,044.5 20,104.4 9,992.4 

23 

Credit 

depth of the 

sphere 

Mln. 

AMD 
1,359.7 1,310.8 1,867.6 1,713.0 1,494.5 1,239.3 1,793.9 1,945.5 2,298.8 3,725.3 2,947.8 5,556.9 9,371.7 2,804.2 

 

Source by «Reform of «harmful» subsidies of irrigation system of Armenia» final project of report, December, 

2018, p. 56-57 (data of 2006-2016) and data of RA Water Comittee of Ministry of Territorial Management and 

Infrastructures (2017-2018)  

 

Taking into account the circumstance that the RA Law on “Companies of Water Consumers and 

Unions of Water Consumers with the new title and new edition of “Water User Associations” was 

developed in the framework of USAID's Program of Participatory and Effective Use of Water 

Resources (“Urban” Sustainable Development Foundation, “National Water Partnership” NGO with 

the participation of YSU Environmental Law Research Center), we have not discussed this law 

separately. 

Without underestimating the importance and significance of the work done, we believe that such 

an approach to problem solving is fragmentary and incomplete. Changes in water system management 

essentially  cannot fundamentally change  the state of affairs as they do not namely relate to the deep 

strengthening of ownership and property responsibility,  the increase in the interest and economic 

interest of water users in the sector of water consumption. 

By the way, the results of the above-mentioned sociological survey also show that 61% of the 

population think that the head of their community is the person who is able to solve the problems of 

irrigation and drinking water in their community. In the second place is the council of trustees (51%) 

and in the third place is the population (40%). Then 38% of population are inclined to trust CWCs and 

then the governor (35%). Residents do not believe that the Ministry of the Environment or other 

governmental authorities, NGOs or international organizations are able to solve water issues in their 

community. According to the survey, most of the population of Ararat Valley (96% or more) are not 

actively involved in processes of water resources management nor have they received relevant 

information or participated in training courses of water resources management. The overwhelming 

majority of population (69%) indicated that they would participate in discussions about drinking or 

irrigation water in their community if such discussions were held. 

In other words, it is clearly necessary to introduce economic competition in the field of water 

relations, to apply a flexible tariff policy for irrigation water as well as a system that will allow to 

invest private equality and private management methods, tools and best practices in this area. A 

separate topic for discussion could be the transfer of part of the existing water systems (local area 

network) to the communities which will allow to increase the efficiency of water use in this way. 

Thus, even after the proposed amendments to the new RA Law on Companies of Water 

Consumers, these companies will continue to act as “unsuccessful” NGOs which is unacceptable in 

the economic system of water relations. 
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Solving complex and multifaceted problems in the field of water relations cannot be limited to 

the development of a new law on water use companies, sector reforms require a complex approach 

which need to be referred from both economic and organizational viewpoint with new legal acts as 

well as by organizing public discussions. 

RA Law on «Fundamentals of national policy of water» 

Within the logic of the Water Code of the Republic of Armenia, it was assumed and expected 

that the Law of the Republic of Armenia on the Fundamentals of National Policy of Water would 

define and regulate the developments of the water sector for the next 10-15 years, the measures  

implemented and the expected results. However, the current RA Law on Fundamentals of National 

Water Policy does not meet these requirements, it is more theoretical in nature and therefore needs to 

be edited depending on the demands of the long-term requirements of prospective-complex 

development of the sector. 

 

RA Law on «National program of water of the Republic of Armenia» 

The current Law of the Republic of Armenia on National Water Program of the Republic of 

Armenia also does not meet the requirements of water sector development and program of relationship 

management and it is of more theoretical than practical importance. One of the main reasons is that the 

requirement to submit a report on project implementation has been replaced by a report to the National 

Assembly (“The Government submits an annual report on the implementation of the National Water 

Program and any amendments made  there to the National Assembly by May 15 of the following 

year”) which does not cause any legal consequences thus weakening the responsibility for the 

implementation of the National Water Program and the levers of control by the National Assembly of 

the Republic of Armenia. 

To make the National Water Program more targeted and practical, it also needs to make a 

number of primary changes and additions, in particular concerning water management, regulation of 

water resource flow, flood risk assessment and management. 

Besides, Article 11 of the RA Law on National Water Program of the Republic of Armenia 

states that: “1. State-owned water systems defined by the National Water Program are state-owned and 

are not subjected to privatization”. [1] Such an approach is unacceptable, firstly because of Article 171 

of the RA Civil Code (“Privatization of State Property”) states: “The state may transfer the property 

under its ownership to the ownership of citizens and legal entities in accordance with the law on 

privatization (de-privatization) of state property”. [2] In addition to the fact that the note was made in 

the Civil Code of the Republic of Armenia, this provision also contradicted the RA Law on Legal Acts 

which had come into force at the time of the adoption of the RA Water Code and the National Water 

Program and stipulated that: “All other laws of the Republic of Armenia in the field of legal regulation 

of the Code shall comply with the Codes” [3], i.e. it confirmed the subordination of legal acts. 

One more fundamental of RA Law on «Legal acts» (Article 24:  «Suborditaion of legal acts of 

the Repblic of Armenia») defines that: «New legal act stated by the same body should not contradict 

the legal acts stated before which have equal legal power.  When contradictions occur between legal 

acts having equal legal power the early acted norms of legal acts come into force except for the case of 

the second paragraph of the fourth part of Article 94 of the Law» [3]. 

Second, restrictions of state property privatization have been (and currently are) defined by state 

property privatization (ownership) programs which have always been adopted in the form of RA laws. 

In particular, in accordance with Article 4 of the Law of the Republic of Armenia “On State Property 

Privatization Program 2017-2020” (“Sectors and Spheres of Economy in which no privatization is 

provided”) «1. According to this plan, the following are not subjected to privatization: 

1) sites of civil defense and mobilization and military structures, 

2) companies with state-owned stake holders performing preservation of mapping, geodetic, 

hydro-meteorological spheres and also maintenance of environmental and natural resources, 

3) objects of storage economy of state reserves and mobilization resources; 
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4) companies providing state-owned standardization with stake holdings and measurement 

services; 

5) interstate and republican railways and highways; Yerevan subway; train and air flight 

security services and military marches;  

6) state non trade organizations.   

2. Areas that are subjected to privatization will not be privatized and will be separated from the 

property if they are distributed: 

1) in engineering structures, communication routes (bridges, tunnels, dams, undergrounds etc.) 

and in engineering areas nearby such as railway stations, social and cultural facilities (educational 

establishments, cultural facilities); 

2) in areas of protection and security importance and in the areas adjacent. 

3. In the cases provided in paragraph 2 of this Article where privatization of the site is not 

permitted, it may be used on a lease basis in accordance with the legislation of the Republic of 

Armenia [4]. 

Third, Article 13 of the RA Law on National Water Program of the Republic of Armenia states 

that: “2. State-owned special water systems, first and second-class water systems are considered to be 

strategically important water systems for which funds have been deposited in the state budget of the 

Republic of Armenia to prevent emergencies. The list of water systems of special state importance 

shall be defined by this Law”. 

3. Tertiary water systems which were not built by private investment, can be given to 

communities by ownership.  

4.  4th class water systems which were not built through private investment, can be owned by 

communities, water user companies, their associations and other public service organizations. 

5. 5th class water systems may be subjected to privatization.  

6. “The legal, organizational, economic and other regimes of state-owned water systems and the 

requirements for their protection and operation also apply to those water systems built by private 

investors that meet the requirements of state-owned water systems in their characteristics. The 

dissemination of state water systems regimes on water systems built by private investors does not 

entail any change in their ownership rights”.  

And according to the RA Water Code (Article 61.1. “State and Community Owned Irrigation 

System” supplemented by RA Water Code AC-273-N of 24.10.2011): “The irrigation system by 

functional significance is classified into:  

1) highway irrigation system - a system of supplying irrigation water to inter-community, 

economic or intereconomic irrigation systems originating from a water source (first class (main) water 

pipes and pumping stations, main canals etc);  

2) Intercommunity irrigation system - a system of supplying irrigation water to irrigated lands of 

more than one community originating from the highway irrigation system (second class canals and 

pumping stations); 

3) Economic Irrigation System - a system that provides irrigation water originating from 

highway or inter-economic irrigation systems and providing irrigation water to irrigated land of only 

one community (tertiary canals); 

4) Interfarming irrigation system - a system of distribution of irrigation water (fourth-class 

canals or distribution networks) originating from farming irrigation systems as well as local water 

springs and irrigated land of only one community. 

State-owned and second class irrigation systems are not subjected to privatization. They may be 

transferred only to water suppliers with the right of use in the way  prescribed by this Code. 

State-owned tertiary irrigation systems which were not built by private investment can be 

transferred to the community by ownership. 

Fourth class state-owned irrigation systems which were not built by private investment, can be 

granted to the community and water suppliers by the decree of the Government of RA”. [5] 
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State – Private partnership in water infrastructures 

State-Private partnership (SPP) with the participation of private companies is a way of primarily 

infrastructural development and service provision (including state and public) that implements 

resources and incentives of private sector into the sphere of infrastructures and services but at the same 

time requires the presence of the government as contracting party and/or regulatory authority as 

competition in the infrastructure sector being limited and the economic development of society from 

the perspective of development is significant in the country. 

In general, the SPP characteristics is the long-term and/or short-term cooperation between the 

state and private sectors when the private sector finances and/or manages the construction and 

development of infrastructure  facilities as well as the provision of services for the needs of the state. 

The emergence and development of various forms of contractual relations within the SPP is due to the 

use of effective models preferred by the sectors. 

Due to the specificity of the related sector, the right choice of SPP models depends on the 

efficiency of the transaction, which will meet the needs of both the state and the private sector and 

society. SPP contracts are viewed not only as a means of financing public infrastructure, but also as a 

tool for improving the efficiency and quality of public services. 

Some of the ways of directions impacting on the reduction of costs of Infrastructure 

development and government expenditure are: 

 Provision of aditional financing, 

 Introduction of new methods of management, 

 Creation of VAT for consumers and society, 

 Better determination of needs and optimal use of resources whose applied efficiency is 

higher within the framework of SPP especially in the case of choosing the right model.     

International experience shows that several main models of SPP are widely applied depending 

on the way of participation, way of infrastructure ownership, distribution of risks and duration of 

partnership.     

The agreement of outsourcing of accreditation management is simpler form of SPP which 

does not suppose investment responsibilities. Ownership and investment decisions remain in the hands 

of the state while the private company is solely responsible for management and therefore only takes 

the transaction risks. This form of contract is typically applied where private investment is not possible 

because prices are traditionally lower than costs and the government is not in favor of setting tariffs 

that will cover costs. These types of contracts help to increase productivity, improve management and 

improve the quality of provided services. At the same time, these contracts are concluded for a short 

period and may not need to increase productivity and to improve efficiency which  may not be 

mentioned there. 

During signing the contract of the private sector leases state assets and provides services. 

However, the private sector also does not undertake investment commitments in this model. 

In the case of a concession agreement, the private partner (operator) takes over the 

management and maintenance of the facility on a charged basis. During the period specified in the 

contract, he is obliged to invest for the acquisition of new equipment or the construction of an 

infrastructure facility. Thus, this form assumes that the private company takes over trade (commercial) 

risks while the property remains in the hands of the state. For this reason, the set level of tariffs is not 

essential as it may be related to the rental fee (i.e. if the tariff is insufficient to cover costs, the rental 

fee may be reduced), but the revenues should offset the long-term costs of providing services and give 

an opportunity to make a reasonable profit. This model is mainly applicable in those areas where 

project implementation takes a long time. It may also be applied in cases where the transfer of 

property rights is impossible for legal and political considerations.  

The projects implemented from «Green field» (from zero level) assume that private company 

or mixed company (private and state) builds and operates new facility withinn the time period foreseen 

in the contract. After the deadline the facility either is transfered to the state or becomes the own 
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property of the company according to the conditions mentioned in the agreement. More widely 

distributed ways of «Green field» project are:    

1) Acording to Building-Ownership-Operation-Transfer project (BOOT) the private sector 

invests in the construction of the facility after which owns and operates it within the time limit fixed in 

the agreement. After the deadline mentioned in the agreement the whole property is transferred to the 

state.    

2) In Building-Management-Ownership and Building-Leasing-Ownership projects the private 

company is responsible for financing and management of infrastructure facility.    Unlike BOOT 

project, the company becomes the owner of the very facility and he does not transfer it to the state. 

However, the economic activity of private company can be regulated by defining the tariffs for 

services using certain restrictions in the field of management.  These costs suppose long term 

cooperation between state and private sector (more than 30 years) which are impacts for efficient and 

high quality construction and optimalization of management costs and keeping it in act and neat 

condition. This way of contract also supposes that private sector overtakes all market risks connected 

with construction and management.   

 

Conclusion   

The law regulating SPP relations in the Republic of Armenia (“State-Private Partnership”) was 

adopted by the National Assembly of the Republic of Armenia on June 28, 2019 and came into force 

on January 1, 2020. [6] It provides a firm and reliable economic and legal basis, in particular for the 

change and improvement of the RA water relations system which is linked to the inflow of private 

capital in the management of water systems. The importance of establishing a clear SPP economic and 

legal field is due to the fact that the water sector itself needs huge investment, and these relationships, 

having remained state-owned for the last 20 years, have been inefficient and “absorbed” huge state 

resources without being maintained adequate ( (financial and social) compensation. 

The above mentioned law defines the concept of a SPP contract according to which: “SPP 

contract – is a contract between a state  partner and a private partner for the purpose of implementing 

the SPP program as stipulated by this Law, including a concession”.  The procedures and rules 

applicable to the implementation of SPP programs are set by the decree of the Government of the 

Republic of Armenia [6, Article 2]. 

The RA Water Code should provide for the application of the above forms of SPP in the water 

infrastructure. It is proposed to apply the fundamentals of the RA Law on State-Private Partnership, 

adopted by the National Assembly of the Republic of Armenia on June 28, 2019 in water sector 

management and to use the procedures following the Law where appropriate and if necessary, to 

define other features of state-private sector partnership. 
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Водные ресурсы являются важной частью природных ресурсов Республики Армения. 

Изучение экономико-правовых основ регулирования водных отношений, основанных в начале 

2000-х годов, показывает, что в этой области имеются многочисленные недостатки и упущения, 

возникшие в основном из-за несоблюдения требований существующей правовой базы. В то же 

время необоснованные изменения и дополнения, введённые в Водный кодекс РА, фактически 

имели обратный эффект - ухудшили состояние водопользования в Республике Армения. 

Проблемы, возникшие вследствие этого требуют безотлагательного решения, в частности - 

исправления недостатков в сфере водных отношений, создания современной экономико-

правовой системы (основы), которая будет учитывать как общественные интересы государства 

(владельца водных ресурсов), так и интересы различных водопользователей и их 

гармонизацию. Последнее подразумевает, в частности, внедрение практики государственно-

частного партнерства, расширение рамок и осуществление различных форм такого 

партнерства. 

 

Ключевые слова: водные ресурсы, совершенствование управления водными ресурсами, 

водный кодекс, ассоциация водопользователей, государственно-частное партнерство, 

доверительное управление, коммерческая организация, аренда, концессия, безвозмездное 

пользование имуществом. 
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The field cultivation processes in the mountain farming of the RA and AR are mainly carried out by such 

machines and mechanisms designed for lowland conditions without taking into account the specificities of 

mountain farming. As a result, the slope soil is subjected to erosion. Taking into account this factor, the 

interaction between the soil and working organ of soil cultivating machine working on slopes was theoretically 

studied and the relative motion of the soil on the working surface of the working organ was determined. The 

resulting statements will help to identify the mechanism of soil erosion during slope soil cultivation and to 

develop preventive measures. 

 

Key words: slope, working organ, furrow, soil erosion, trajectory, wedge, motion.  

 

Introduction  

The current level of mechanization of the mountain agriculture of the Republic of Armenia is 

quite low, it does not exceed 15% on average and some of the existing machines carry out 

technological processes with incomplete, low productivity and insufficient quality. Therefore, the 

mechanization of cultivation processes in mountain conditions is carried out by such methods and 

machines which are designed for lowland conditions without taking into account the specificities of 

mountain farming. As a result, slope lands are subjected to intensive erosion and if appropriate 

measures are not taken, these lands can become non arable causing significant economic harm to 

agriculture. 

For the best cultivation of slope soil as well as for increasing the efficiency of agricultural 

machinery operation we need a multifaceted study and justification of the interaction between the soil 

cultivating aggregates and their working organs and between the working organ and soil as well based 

on modern agro-technical requirements. 

 

Conflict setting  

In slopes due to lateral forces, the working organs of the soil cultivating machine deviate from 

the set direction which also changes the trajectory of relative movement of the soil over the working 

surface of the working organ [1,2,3,4,5,6,7]. 

During the process of slope soil cultivation normal pressure force N, impact lateral force Q 

directed to down slope and contact force F  (Fig. 1) [3,4,8,9,10] influence on the furrow cut by 

working organ. During slope cultivation the soil particles begin to move in the direction of the 

equilibrium forces. The contact force of these forces does not affect the relative motion of the soil. It is 

therefore necessary to determine the trajectory of relative motion of slope soil due to the normal 

pressure N and lateral Q forces. 
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Fig. 1 The scheme of determining the deviation angle of the 

 trajectory of relative motion of slope soil  (δ)   

 

Research results   

Lateral Q force is located on KB2C2 plane parallel to slope and the component is in ABC plane 

(Fig.1,a). 

                                                              (1) 
 

where - is the angle of  B2C2 line and AOB1 plane down the wedge on the working surface of 

trihedral wedge. It is dependent both on wedge parameters and motion direction of machine-tractor 

aggregates (MTA) to horizontal (Fig.2). 

Considering that T component of Q force is directed to CE we will get the following according 

to Fig. 2   

                                   (2) 
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Fig. 2 Determining scheme of   angle formed by AOB plane down  

the wedge and EC line stretching down the slope  

 

From the analysis of obtained (2) expression and  graph (Fig. 3) we see that   

1.  when soil cultivating MTA moves towards the field horizontals (  then  
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,                                                               (3) 
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Fig. 3 The graph of change of the   angle by EC line stretching down the slope and AOB plane down the 

wedge depending on direction of MTA motion  °, ° 

 

2. when MTA moves down the slope (  then    
 

                                              (4) 

 

   i.e.   

3. when       ,                                                                                                        (5)               

i.e.   

for arrow paw breast up the slop  angle will be   

 

                                                                  (6) 

 

According to (2) and (6) expressions the formula for determining   angle will generally have 

the following form   

            ,                                                                 (7)   

                         

where  + corresponds to breast of arrow paw to upper slope,   -  to the breast of down the slope.    

T component of lateral Q force, normal pressure N force and their equilibrium P force are in   

OB2C2 plane (Fig.1, a). The angle ψ by N and P forces will be determined from the following 

expression   

                                                                            (8) 

 

Normal pressure N force is determined by  Fig.1, c- , 

where   is the angle of working surface with horizontal plane  

consequently,   

                                                          (9) 

 

Influenced by T component of lateral force the trajectory of the relative movemet of soil over 

working surface of wedge deviates by δ angle forming ηʹ angle to cutting edge (Fig. 1, a) 

                                                                      (10) 
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where η is the angle by the trajectory of relative motion of the soil over the working surface of 

wedge to the cutting edge working in horizontal plane. + corresponds to breast of arrow paw to upper 

slope,   -  to the breast of down the slope.    

In Fig. 4 we see the boundary positions A  and  A  of trajectory of relative movement of 

furrow and A  trajectory corresponds to the case when lateral forces are absent (plane). 
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Fig. 4 Scheme of determining the dimension of deviation of trajectory of relative  

motion of soil over the working surface of working organ  

 

The deviation of the trajectory of relative motion of the furrow on the same slopes ( ) is 

dependent on the direction of MTA movement. When the slope coincides with mm1 line, the trajectory 

of relative movement of furrow will be A   having the maximum deviation. In this case the working 

organ will be deviated towards horizontal by θ = ηr angle. i.e. the projection of AD1 trajectory on the 

horizontal plane and the direction of movement of MTA coincide. We can observe Omm1 and Amm1  

rectangular triangles for this case which have the same mm1 leg (Fig. 4). According to these triangles 

we can write   

,   where   

 

,                                                 (11) 

 

where λ is the angle of the direction of movement of MTA  and AD1 trajectory.    

Taking into account that the trajectory of relative movement of soil over working surface of 

wedge is proposed by the h  angle with cutting edge of plough and, according to L. V. Gyachev  [3], it 

satisfies the following condition   ,cosegh tgtg 
 

,coscoscos ghl 
  

,sinsinsin leg 
  

where  g  is the angle to the direction of movement and cutting edge of the wedge.     

From the last expressions we can write   

 

    or  

 

                                                           (12) 

 

Considering   (9) and  (12), (11) will have the following form    
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                                                   (13) 

 

Current values of δ angle will be determined by multiplying the obtained expression with    

cos(θ   

                                      (14) 

 

where angle by horizontal projection of the direction of furrow movement and movement is 

determined by the following expression [11]                 

 

                                                                         (15) 

 

Inserting the calculated value  of δ in (10) expression the trajectory of relative movement of 

furrow over working surface of working organ on slope depending on the impact of lateral forces is 

determined.    

 

Conclusion  

1. As a result of study of interaction of soil and working organs of soil cultivators on the slopes 

the expressions were obtained determining the trajectory of relative movement of furrow over 

the working surface of working organ depending on the impact of lateral forces and the 

change of technological parameters of working organ.      

2. The obtained expressions will allow to reveal the soil erosion mechanism during slope soil 

cultivation and to develop preventive actions.   
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В горном земледелии РА и Республики Арцах процессы полеводства в основном 

осуществляются машинами и механизмами, предназначенными для равнинных условий, без 

учета особенностей горного земледелия. В результате почвы на склонах подвергаются эрозии. 

Учитывая это обстоятельство, теоретически было изучено взаимодействие рабочего органа 

почвообрабатывающей машины с почвой на склонах, определена относительная траектория 

движения почвы по рабочей поверхности рабочего органа. Полученные утверждения позволят 

выявить механизм эрозии при обработке земель склонов и разработать профилактические 

мероприятия. 

Ключевые слова: склон, рабочий орган, пласт земли, эрозия почвы, траектория, клин, 

перемещение. 
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In many studies devoted to loading, transportation and unloading processes of shifting cargo with screw 

conveyor the load is considered as a single material point that is transferred to the surface of the auger. The 

process of moving the cargo from the load box to the screw wings is not yet fully explored, although the 

processes taking place in that area have a significant impact on the operation of the screw conveyors. 

Theoretical research has been done and it has been found that in order to increase the efficiency of 

loading activities of shifting cargo with screw conveyors, it is necessary to move the cargo from the load box to 

the maximum speed. Otherwise the material may be clogged in the coils in front of and behind the screw. As a 

result, a new structure of screw conveyor has been developed the application of which will reduce the energy 

costs of loading, transportation and unloading the shifting cargo. 

  

Key words: cargo, shifting, auger, conveyor, screw, regime, mass.  

 

Introduction  

Numerous studies have been conducted by both CIC and other foreign authors on the processes 

of loading, transporting and unloading of shifting cargoes with screw conveyors. Among such 

researches are the works of L.M. Alexander, D.N. Bashkatov, A.M. Grigoryev, E.M. Gutyar, B.A.  

Katanov etc, in many of which the transported cargo is considered to be one material point which is 

transferred to the surface of the  auger [1,2,3,4,5,6]. Such an approach can be considered justified only 

because the volume of transported shifting cargo is not widely studied although some work has been 

done in that direction. The process of moving the cargo from the load cell to the screw wings is not 

fully studied yet although the processes taking place in that area have a significant impact on the 

operation of the screw conveyors. 

In case of unsuccessful structure of the load box of screw conveyor, the screw may not catch the 

load but throw it which undoubtedly affects the productivity and energy costs of the 

conveyor.Therefore, we can argue that the process of loading, transporting and unloading the cargo 

with screw conveyor requires further research. 

It is not possible to accurately calculate the parameters and modes of operation of the auger with 

existing formulas and the required values are usually determined experimentally as the application of 

computational values  leads to contradictory results for 20-60%. 

At present when calculating the power required for the work of the auger, its productivity and 

other parameters, the speed of the auger is determined instead of the speed of the material transported 

by it. However, the velocity of the transported mass changes its size as the material interacts with the 

surface of the auger coils. 

  

Conflict setting   

While transporting shifting cargoes the peculiarity of vertical auger is the presence of some 

critical angular speed of screw in case of its low position the auger does not give motion to the 

material vertically.   

The axial 0v  and perimetric cv  speeds of particles at the distane of R  from auger axis will be 

equal to   

  coscos
60

2

0 tg
Sn

v  ,                      (1) 
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  2cossincos
60

tg
Sn

vc  ,                                       (2) 

 

where S  is auger step, n  is the rolling number of shaft,   is angle of the vector slope of absolute 

speed of the particles to the norm on the screw surface,   is the angle of rise of screw line. 

To determine the slope angle of absolute speed to screw normal the differential equation system 

of the movement of the point in the screw surface edge is used. For cylinder coordinate system 

Dalamber equation is written as follows:    
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M is the forces on load particles (Fig.1), normal reaction of auger screw is 1N  which with OZ 

axis forms   angle, normal reaction of auger cover is 2N  which is directed to the radius, fNF 11   is 

contact force of the particles with screw surface where f is the contact coefficient of contact forces of 

particles with screw surface. 1F  contact force is directed against the rolling of the screw over screw 

surface. 
122 fNF   where 1f  is the coefficient of the particles with auger cover.   

Solution of (3) equation system after installing the reactions of forces and relations in it can be 

presented as follows:     
 

     cossincossincossincos
60

22

112

22

ftgfff
gR

nS
                      (4) 

 
 

Fig. 1 Scheme of forces on material particle in vertical auger  
    

Let us observe 
g

Sn2

l  coefficient which describes cinematic regime of auger. Solving    (4) 

equation to the coefficient of cinematic regime we will get   
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To screw line rising   angle of external edge of auger corresponds certain relation of external 

edge of step and coil 

0

0
2R

S
t   which is connected with   angle by  


 0tarctg  dependence. We 

can see from (5) relation that   angle is depended on 0t  relation of structural parameters, f  and 1f  

contact coefficients and S step of screw.   

The rising angle of screw line also effects the dimension of pressure force of the load on 

conveyer cover. The latter depends on centrifuge force ( цF ), gravity force (G) and contact force of 

load with screw  ( ..штрF ) (Fig. 2). 

 

Fig. 2 Scheme of forces on material point on screw line  

 

According to calculation scheme in Fig. 2 we obtained pressure force on conveyer cover:    

 

    шшшnp fgfRmF  gggg cossinsincos2

,                           (6) 

 

where g is slope angle of screw line to screw axis.   

Obtained (6) expression enables us to determine the dependence of g  angle on load transported 

by conveyer and screw contact coefficient.   

Thus, as in (6) expression the first component is not dependent on g angle within 5-20°, then 

pressure force of load on the cover will be equal to 0, if шf gg cossin  from which we can write   
 

:шftgarc  gg                                                   (7) 
 

Taking into account that while preparing the screw its working surface is well processed then 

the contact coefficient between load and screw can be chosen within 0,2-0,3.   Consequently, the slope 

angle to screw axis should be taken within 
01510 g .  

 

Research results   

Theoretical research has shown that in order to increase the efficiency of loading cargo  with 

screw conveyors it is necessary to move the cargo from the load box with the maximum speed. 

Otherwise, the material may be clogged in the coils in front of the screw and later in other coils.  
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To solve the problem it is recommended to increase the number of screw coils which will 

proportionally increase the speed of load transfer from the load box to the screw coils. 

 For this purpose we suggest to use advanced conveyer (Fig.3) made of screw (1), one input 

coils (2) and cover (3). On the bottom of screw there is a tip (4) with two coils (main and auxiliary), 

indeed the main screw (5) stretches from along all the length of the tip and the auxiliary screw (6) is 

somehow shorter from the main one.    

  

Fig. 3 Scheme of advanced screw conveyer    

 

Screw conveyer has loading (7) and unloading (8) facilities.   

The working principle of the suggested screw conveyer is simple, it works this way: shifting 

cargo fills into the space between the tip coils (4) from load box and transports to the main screw (5) 

by auxiliary screw from which it is transferred to spiral part (2) of screw conveyer (1) and thus raising 

reaches unloading facility.           

 

Conclusions   

1. Theoretical research revealed that during transporting shifting cargo we can provide maximum 

productivity when rising angle of screw line makes 10-15
0  

to screw axis which corresponds to 

the dimensions of 1.2-1.4 of coil step according to external coils and 150-200 turn/min of screw 

rotation.   

2. Theoretical research has shown that in order to increase the efficiency of loading cargo  with 

screw conveyors it is necessary to move the cargo from the load box with maximum speed. 

Otherwise, the material may be clogged in the coils in front of the screw and later in other coils.  

3. A new structure of screw conveyer was developed using which the energy costs of loading, 

transportation and unloading of shifting cargoes will significantly decrease.      
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ПОГРУЗОЧНО-РАЗГРУЗОЧНЫЙ ВИНТОВОЙ КОНВЕЙЕР  

ДЛЯ СЫПУЧИХ ГРУЗОВ 

 

П.А. Тонапетян
1
, К.А. Григорян

2
, В.К. Осипян

2
  

1Национальный аграрный университет Армении 
2Шушинский технологический университет 

 

В многочисленных  исследованиях, посвященных процессам погрузки, транспортировки 

и разгрузки сыпучих грузов винтовыми конвейерами, груз рассматривается как одна 

материальная точка, перемещающаяся по винтовой поверхности шнека. Процесс перемещения 

груза из загрузочной камеры к лопастям винта еще полностью не изучен, несмотря на то, что 

процессы, происходящие в этой зоне, оказывают существенное влияние на работу винтовых 

конвейеров. 

В ходе проведенных теоретических исследований было установлено, что для повышения 

эффективности работ по погрузке сыпучих грузов винтовыми конвейерами необходимо, чтобы 

из загрузочной камеры груз перемещался на максимальной скорости. В противном случае 

транспортируемый материал может закупориться в передних, а  затем в оставшихся спиралях 

шнека. В результате была разработана новая структура винтового конвейера, в случае 

применения которой снизятся энергозатраты на погрузку, транспортировку и разгрузку 

сыпучих грузов. 

 

Ключевые слова: груз, сыпучий, шнек, конвейер, винт, режим, масса. 
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11. Pictures, diagrams graphs in electronic version are colored as a rule. 
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English 12 bold font. A line down is presented the list of literature numbered by link sequence. In list the sources 
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13. Оn separate pages is given the translation of the article headquarters and summary. (beseides article presented 

language), Armenian , Russian (resume) and English (summary). 

14. The Articles should be sent to the info@bulletin.am. 

15. The published and corrected version of the text are submitted with author(s). 

16. On a separate sheet of paper are given the information about the authors (surname, name, affiliation (the whole), 

picture, academic degree, address, telephon, organization, position, e-mail. 
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