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Abstract 
This paper examines the role of the pomegranate fertilization best dates and quantities  in the 

soil-climatic conditions of the plain zone of the Martakert region of the Artsakh Republic in the 
process of increasing the soil moisture  and the formation of xerophytic properties in plants. With this 
purpose in mind, in light brown gravel and sandy clay loam soils of mean thickness, taking into 
account the requirements of pomegranate for bioclimatic conditions and the importance of 
maintaining  the soil fertility, the high efficiency of the combined use of organic-mineral fertilizers 
has been recorded in the course of  experimental study. The combined application of semi-decayed 
manure and complete NPK mineral fertilizers has been found to be even more effective in half doses 
than double doses given separately. Pomegranate yield due to soil moisture provision will increase 
even more if a polymer mineral material (as a water-accumulating ameliorant) is added to the soil 
together with organic-mineral fertilizers. 

 
Key words: ameliorant, manure, mineral fertilizers, fertilization, nutrition, soil moisture, 

pomegranate, crop yield. 
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Introduction  
One of the most important problems of agriculture is the efficient use of solar energy, which 

from a farmers requires a creative approach to crop rotation farming, the application of agro-technical 
measures aimed at providing solar energy-transforming plants with such terrestrial substances as water 
and nutrients. 

The bioclimatic conditions of the plain zone of the Artsakh Republic are favorable for growing 
of pomegranate, which is distinguished by its drought resistance and heat resistance properties. 

For all crops, including pomegranate, yields are highly dependent not only on the active 
temperature conditions of the local climatic zone  but also on the nutritional and water conditions of 
the soil, which correlate with such organic part of the soil hard phase as humus. 

However, in dry steppe zones, as a rule, the soil is poor in humus.. If we add to that the fact that 
in addition to the crop of the orchard, the biomass that emerges every year as a result of trimming is 
also alienated, everything will be clear. 

The remains of roots and dead leaves in the soil are not enough for the normal vital  activity of 
microorganisms involved in the soil formation process; they start using humus as a source of energy, 
accelerating its biological decomposition. On the other hand, the use of medium to high doses of 
mineral fertilizers without organic fertilizers enhances the chemical activity of the soil,  monovalent 
cations  penetrated into the soil absorption complex, contribute to the acceleration of the humus 
decomposition [1]. 

Therefore, the combined use of organic fertilizers, ameliorants, and mineral fertilizers is 
compulsory among the complex agrotechnical measures designed to regulate the growth and 
development of plants in the pomegranate orchard. The effectiveness of mineral fertilizers increases 
when they are applied in the spring, before plants shoot out buds, for phosphorus-potassium fertilizers 
long remaining in carbonate soils since autumn  react with calcium compounds, turning them into 
insoluble compounds that plants can hardly digest [4]. 

 

Conflict setting 
Based on the above-mentioned fact, and those circumstance that in the domestic farm 

enterprises so far do not have scientifically substantiated systems of agriculture, including crops 
fertilization, we have set ourselves the following task. During 2018-2020 to study the influence of 
separate application of organic and mineral fertilizers on the improvement of soil water regime on the 
growth, development, yield, and under study agro-technical measures  economic efficiency of the 
eight-year-old Gyolosha pomegranate orchard under  conditions of the forest brown  alkalized 
gravelly soil of the lowland Martakert community of the  Martakert region. 

Triple field experiments have been carried out. The following options have been studied: 
1. without fertilization, “checking” 
2. Manure 30 t/ha 
3. N120P100K100 
4. N60P50K50 + manure 15 t/ha. 
For the planning and installation of field experiments, the relief of the future test site, “the 

orchard”, hydrology, wind protection, the system of agro-technical measures used in the last three 
years were studied, and the agrochemical characteristic of the soil was given. 

The plants in the selected garden are planted in 4x3 scheme. The garden had a flat terrain, which 
is provided with irrigation water and partially protected from winds. The garden was planted in  2011 
and for the last three years  was not regularly fed only with nitrogen fertilizers. In the first two years 
of planting, the inter-row spaces were occupied by dwarf plants, and in the last 3 years the weeds 
growing in the garden were harvested twice a year and used as fodder. 
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The following methods and techniques were used in the field and laboratory studies: in each 
option, "repetition", six plants were included in one row. The test site was provided with a series of 
protective layers on all sides. One row of  protective layer was also left between the rows under study. 
Taking into account the fact that phosphorus ions move very slowly in the soil, and potassium 
chloride used in farms contains a large amount of chlorine, which can adversely affect the quality of 
the crop, they together with the manure were introduced into the soil in the autumn, after the harvest, 
and the nitrogen was introduces in the soil in the spring at the germination stage. was given in the 
spring, at the stage of buds shoot out. The soil moisture, 15 days after watering, was determined by the 
weighting method, the yield - by the widespread harvesting method, according to AR Khachatryan. 

 
Research results 
Pomegranate growth, fruit buds formation, flowering, current year shoots, fruit formation, and 

ultimately the quantity and quality of the crop, as with all crops, depend not only on the biological 
characteristics of the type or variety, but also on the environmental conditions in which the plant 
undergoes ontogenesis. In addition to the celestial factors "light, heat", pomegranate growth and 
development are significantly influenced by more easy-to-manage factors, such as water and nutrients. 
If the soil is supplied with sufficient water, fertilizers are considered a powerful lever for increasing 
yields, which can change the yield of crops to a very wide range. 

There are few papers in the literature dealing with the same problem. According to numerous 
studies both mineral and organic fertilizers have a positive effect on pomegranate yield. However, 
their combination, even in smaller quantities, provides higher efficiency, because organic fertilizers, in 
addition to being a source of ready-to-eat nutrients, are also rich in organic matter, which improves the 
agrophysical properties of soil - air permeability, field moisture and biological activity. 

To find the indirect effect of organic fertilizers on pomegranate plants, we determined the soil 
moisture by weight method 15 days after watering at different stages of vegetation. The data are 
presented in Table 1. 

 

Table 1 
Moisture content in the soil depending on fertilization "average of three years"  

 

Option 
Soil moisture, 

cm 

Soil moisture (%) according to the soil depth 

Flourishing 
stage 

Fruits 
formation 

stage 

Fruits 
ripening 

stage 

Average  

Checking  
0 - 20 

20 - 40 
15,67 
19,45 

18,56 
23,51 

16,42 
21,31 

16,88 
21,42 

Manure 30 t/ha 
0 - 20 

20 - 40 
17,74 
22,56 

20,30 
26,18 

18,41 
23,37 

18,82 
24,01 

N120P100K 100 
0 - 20 

20 - 40 
16,76 
20,19 

19,67 
24,19 

17,14 
22,60 

17,86 
22,33 

N60P50K50 + manure 15 t/ha 
0 - 20 

20 - 40 
16,68 
20,21 

21,40 
24,34 

18,15 
23,94 

18,74 
22,83 

 
The combination of organic and mineral fertilizers has a positive effect on the increase of water 

supply in the soil, effective balancing of nutrients, contributes to the improvement of pomegranate 
growth rates, which create the preconditions for the emergence of crop yields elements and next year's 
fruiting buds formation. 
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Table 2 
Effect of fertilizers on pomegranate yield and the next year's germination 

 "average of three years"  
 

Option 

Number of 
fruits on one 

shrub, 
piece 

Number of 
fruits fallen 

from one 
shrub, 
piece 

Average mass 
of fruits, gr 

Amount of 
normally 

colored fruits, 
% 

Number of 
fruit-buds on 

one shrub, 
piece 

Checking 101 17 268 75 255 

Manure 30t/ha 126 19 296 78 316 

N120P100K100 123 19 304 79 310 

N60P50K50 + manure 15 t/ha 123 18 309 80 327 

 
The data presented  in Table 2 show that the fertilizers had a significant effect on the number of fruits 
per bush, the average fruit mass, the number of normally colored fruits, and the number of fruit buds 
per shrub. Only in the version with 30 t / ha manure, the number of fruits per shrub exceed by 65 
compared to the checking option, the average fruit weight exceeded by 35 g, the number of normally 
colored fruits - by 7%, and the number of fruit buds per bush -by 70. In this option, the number of 
fruits dropped from one bush was relatively low by "2%". Almost the same data were recorded only in 
the option of mineral fertilizers "N 120 P 100 K 100". According to the data given in Table 2, the 
indicators mentioned in the option of joint use of organic-mineral fertilizers were higher. From this it 
can be deduced that the combined use of organic-mineral fertilizers is agronomical necessary. 

The crop yield was determined  by collecting and weighing the crop. The results are presented in 
Table 3. 

 

Table 3 
The effect of fertilizers on pomegranate yield 

"average of three years." 
 

 
According to the data presented  in Table 3 in case of 30 t of manure per hectare, the crop yield 

compared to the checking option increased by 85 centner per hectare, in case of complete mineral 
N120 P100 K100 by 88, and in case of N60 P50 K50 + manure by 92 c / ha. 

One of the main goals of our study was to find out the economic efficiency of the joint use of 
organic-mineral fertilizers separately. The results are given in  Table 4. 
 
 
 

Option 
The average 

crop from one 
tree, kg 

Crop yield  according to 
repetitions/ha 

The average 
crop of the 
fruit, gr/ha 

The difference with 
regard to checking 

I II III g/հ % 

Checking 27 225 223 224 224 - - 

Manure 30 t/ha 37,2 309 306 312 309 85 37,9 

N120P100K100 37,5 312 309 315 312 88 39,2 

N60P50K50 + manure 15 t/ha 38 315 319 314 316 92 41,0 
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Table 4 
Economic efficiency of fertilizer application in pomegranate orchard  
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1 224 - - - - - - - - - - 

2 309 85 20 1700 287 30 70 38.7 427,7 1272,3 2,97 

3 312 88 20 1760 245 131 30 40.6 446,6 1313,4 2,94 

4 316 92 20 1840 251 80 50 38.1 419,1 1420,9 3,39 

 
As the above tabulated  data show, the reduction and join use of fertilizers’ doses has contributed to 
the reduction of total fertilization costs, increased additional profit and the level of profitability. The 
use of ameliorants will make increasing of the soil moisture possible, as a result we can get  a higher 
crop yield at a lower cost. 

 
Conclusion 
The combined application of organic fertilizers, further soil absorption increasing ameliorators, 

and mineral fertilizers, even in smaller doses, compared to high doses of their individual use, will 
increase soil moisture, optimal nutrient balance, increase crop yields, and reduce  expenses  spent on a 
unit product. 
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ՆՌՆԵՆՈՒ  ՄՇԱԿՄԱՆ ԱԳՐՈՏԵԽՆԻԿԱԿԱՆ ՄԻՋՈՑԱՌՈՒՄՆԵՐԻ ՀԱՄԱԼԻՐԸ ԵՎ 
ՄԵԼԻՈՐԱՆՏՆԵՐԻ ԿԻՐԱՌՄԱՆ ՀՆԱՐԱՎՈՐՈՒԹՅՈՒՆՆԵՐԸ ՄԱՐՏԱԿԵՐՏԻ 

ՀԱՐԹԱՎԱՅՐԱՅԻՆ ԳՈՏՈՒՄ 
 
Ս.Բ. Գալստյան, Թ.Գ. Գրիգորյան, Է.Վ. Ավանեսյան, Ա.Տ. Զաքարյան  
Շուշիի տեխնոլոգիական համալսարան 
 

Արցախի Հանրապետության Մարտակերտի շրջանի հարթավայրային գոտու 
հողակլիմայական պայմաններում ուսումնասիրվել է նռնենու պարարտացման լավագույն 
ժամկետների ու չափաքանակների կիրառման դերը՝ հողի դաշտային խոնավունակության 
բարձրացման, բույսերի մոտ քսերոֆիտ հատկությունների ձևավորման գործընթացում: Այդ 
նպատակով բաց շագանակագույն խճաքարային, կավավազային միջին հզորության հողերում, 
հաշվի առնելով կենսակլիմայական պայմաններին նռնենու կողմից ներկայացվող պահանջներն 
ու հողի բերրիության պահպանման կարևորությունը, փորձարարահետազոտական 
ճանապարհով բացահայտվել է օրգանական և հանքային պարարտանյութերի համատեղ 
օգտագործման բարձր արդյունավետությունը: Պարզվել է, որ կիսաքայքայված գոմաղբի և լրիվ 
NPK հանքային պարարտանյութերի համատեղ կիրառումը, թեկուզ  կես չափաքանակներով 
ավելի արդյունավետ է, քան առանձին-առանձին տրվող դրանց կրկնակի չափաքանակները: 
Հողում խոնավության ապահովման հետ կապված նռնենու բերքատվությունը ավելի կբարձրանա 
եթե օրգանական և հանքային պարարտանյութերի հետ համատեղ հող մտցվի նաև 
պելիմերահանքային նյութ (որպես ջրակուտակիչ մելիորանտ): 
 

Բանալի բառեր. մելիորանտ, գոմաղբ, հանքային պարարտանյութեր, պարարտացում, 
սնուցում, հողի խոնավություն, նռնենի, բերքատվություն: 
 

 
КОМПЛЕКС АГРОТЕХНИЧЕСКИХ МЕРОПРИЯТИЙ ПО ВОЗДЕЛЫВАНИЮ 

ГРАНАТА И ВОЗМОЖНОСТИ ПРИМЕНЕНИЯ МЕЛИОРАНТОВ В РАВНИННОЙ 
ЗОНЕ МАРТАКЕРТА 

 
С.Б. Галстян, Т.Г. Григорян, Э.В. Аванесян, А.Т. Закарян 
Шушинский технологический университет 

 
В почвенно-климатических условиях равнинной зоны Мартакертского района 

Республики Арцах была изучена роль применения лучших сроков и доз удобрения граната в 
процессе повышения полевой влажности почвы и формирования ксерофитных свойств у 
растений. С этой целью на светло-коричневых щебнистых, суглинистых почвах средней 
мощности, учитывая требования, предъявляемые гранатом к биоклиматическим условиям и 
важность сохранения плодородия почвы, экспериментально-исследовательским путем была 
выявлена высокая эффективность совместного использования органических и минеральных 
удобрений. Было обнаружено, что совместное использование полуперепревшего навоза и 
полного минерального удобрения (NPK), даже в половинных дозах, более эффективно, чем 
внесение их двойных доз по отдельности.  
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Урожайность граната, связанная с обеспечением влажности почвы, повысится еще 
больше, если вместе с органическими и минеральными удобрениями в почву будет внесен 
также полимерно-минеральный материал (как водонакопительный мелиорант). 

 
Ключевые слова: мелиорант, навоз, минеральные удобрения, удобрение, питание, 

влажность почвы, гранат, урожайность. 
 
 
Ներկայացվել է՝ 29.06.2021թ. 
Գրախոսման է ուղարկվել՝ 29.06.2021թ. 
Երաշխավորվել է տպագրության՝ 14.07.2021թ. 
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Abstract 
The effect of 2 preparations of plant growth stimulator (phytostimulators) «Complex» and 

«Complex Plus» which were elaborated in National Polytechnic University of Armenia (NPUA) 
based on natural tartaric acid which is purified from the cream of tartar on a number of higher 
flowering plants of various taxonomic groups is considered in current research.  

The laboratory and field experiments were carried out on important agricultural crops, 
decorative and medicinal plants: cactus (Stapelia grandiflora Masson), medicinal aloe (Aloe vera), 
decorative (Kalanchoe blossfeldiana, Kalanchoe daigremontiana), blue agave (Agava tequilana), 
American agave (Agava americana L. trifasciata), potatoes (Solanum tuberosum), garlic (Allium 
sativum), beans (Phaseolus vulgaris), strawberries (Fragaria×ananassa), cucumbers (Cucumis 
sativus) and lentils (Lens culinaris). 

The maximal effect was obtained for succulent plants. 
According to primary ecologically-toxicological study, the preparations are medium toxic and 

low allergenic mixture of ecologically safe substances produced by green chemistry technologies. At  
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present two preparations of «Complex» and «Complex Plus» are being considered for state 
registration and patenting in RA. 

 
Key words: tartaric acid, micronutrient fertilizer, agricultural plants, plant growth stimulator 

(phytostimulator), chelating complex. 
 
Introduction 
One of the urgent problems of modern agriculture is increasing the productivity of cultivated 

plants. Optimization of cultivation conditions is very important, especially in the aspect of providing 
the necessary level of synthesis of phytohormones and growth factors (auxins, gibberellins, etc.) by 
the target plant. Since plants are not always able to provide themselves with sufficient levels of these 
compounds, growth stimulators are being often used.  

The use of phytostimulators is very important, despite the fact that synthetic activators of tissue 
proliferation and organ differentiation are not always safe due to their carcinogenicity in industrial use 
[1-3]. 

The beneficial effect of natural organic and in particular dicarboxylic and tricarboxylic and 
aldaric acids which are simultaneously antimicrobial agents on the parameters of plant growth activity 
is a well-known fact. The ability of compounds of this class to prevent the development of 
phytopathogenic fungi, as well as toxigenicity of fungi and other phytopathogenic microorganisms [4-
6] is widely known. This is largely due to their ability to form complexes with cations of the most 
important micro- and submicroelements, which involves organic carboxylic acids in the regulation 
process in the water-salt metabolism of plants [7, 8]. 

 
Conflict setting and set of methodology  
Recently the properties described above have been studied for tartaric, lactic, citric and oxalic 

acids. These substances are now successfully used in world practice in the production of 
environmentally friendly agrochemicals. Tartaric acid is especially widely used, being the most 
widespread organic acid in the plant world. Tartaric acid, as well as its salts of alkali and alkaline 
earth metals, are considered safe food additives (E334 - E337, E354), having widespread use in the 
world production of chelated fertilizers. Also, tartaric acid is used both in free form and in amide 
forms [9-11].  

The development of new safe phytostimulators is extremely important. That is why the effect of 
a plant growth stimulator which was elaborated in Basic Research Laboratory of «Agrarian Pesticides 
Creation & The Quality Control» at National Polytechnic University of Armenia (NPUA) on the basis 
of natural tartaric acid obtained by purifying it from tartar on the growth of a number of higher 
flowering plants of various taxonomic groups  is studied in current paper. 

According to the technology proposed in our laboratory, technically pure tartaric acid was 
obtained from natural cream of tartar (cheap row material, which is the waste product of winery), and 
then, by the enrichment of several microelements 2 preparations «Complex» and «Complex Plus» 
were elaborated with an addition of Imidaclopride insecticide.   

The experiments were carried out with the support of the specialists of the Scientific Center of 
Agrobiotechnology SNCO, the National Agrarian University of Armenia and the SPC 
«Armbiotechnology» NAS RA (Fig. 1) [12].   

The following succulent xerophytic indoor decorative plants were chosen as the object for 
laboratory and field tests of the stimulant effect: cactus Stapelia grandiflora Masson, medicinal aloe 
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Aloe vera, decorative Kalanchoe blossfeldiana, Kalanchoe daigremontiana, blue agave Agava 
tequilana and American agave Agava americana L. trifasciata.  

Field trials were carried out on the following crops: Solanum tuberosum potatoes, Allium 
sativum garlic, Phaseolus vulgaris beans, Fragaria×ananassa strawberries, Cucumis sativus cucumbers 
and Lens culinaris lentils [13,14]. 

 
Fig. 1 Tartaric Acid purification technology form the cream of tartar  

A - natural cream of tartar; B - 10% - hydrochloric acid; C - heating (60-65°C); D - hot filtration; cooling (10-15°C) 
with regulation of acidity; E - 70% technically purified tartaric acid (92%) in the form of sediment; F - stock solution for 

plant growth stimulant enriched with microelements; G - vacuum; 1 - and 3 - mixers, 2 - hot filter, 3 - suction filter. 
 

The tests were carried out in June 2019 during 2 periods of spraying in the territory of the 
experimental fields with an area of 50m2 of Hovtamej district of Armavir region, RA. «Complex» and 
«Complex Plus» preparations were tested at concentrations of 100g/10L and 150g/10Lon crops of 
various important agricultural plants in 06.06.2019 and 21.06.2019. In field experiments the following 
crops were used: cucumber (variety «Alliance»), potatoes (variety «Impalla»), beans (at the stage of 
green pods, variety «Fidai» beans and red beans of local variety «Red Armenian»), strawberries 
(varieties «Victoria»), garlic (local variety «Armenian»). A territory of the same area was used as a 
control sample with the cultivation of the indicated plants using generally accepted standard methods. 
After 15 days, comparative measurements were carried out: the amount of biomass and the intensity 
of its accumulation, the morphological parameters of the aboveground part of the plant, the indicators 
of flowering, fruiting, the rate of fruit ripening as well as the yield of the tested crops in experimental 
and control samples. 

 
Research Results 
According to the obtained data, the studied drug has physicochemical properties. It is a dark 

green-brown solution (with colloidal parts), d4
20 - 1.150-1.154, soluble in water, pH of an aqueous 

solution (1%, 20oC) - 3.0-3.5. In the course of the research, the effects of both preparations were 
analyzed. «Complex Plus» preparation includes the following components: active ingredients: natural 
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tartaric acid (CAS («Chemical Abstracts Service» - internationally registered number which is a 
unique identifier of a particular chemical substance) # 147-71-7) - 20-25g/L, K (in the form of 
chloride) - 45g/L, Ca (in chloride-chelated form) -23g/L, Cu (chelated) - 2.5-3g/L, Fe (chelated) - 10-
10.5g/L, Zinc ( chelated) - 5.5-6g/L, imidacloprid (CAS # 138261-41-3 technical) 20g/L. Surfactants 
(surfactants) / co-solvents / additives - ionic (sodium salt of lauryl trisulfoether, CAS # 68585-34-2, 
70% -) - 10g/L, non-ionic: mixture (octylphenylether polyethilenglycol, CAS # 9002-93-1g/L, 
technical cocamide, CAS # 68603-42-9,) - 20g/L, glycerin (CAS # 56-81-5) - 10g/L, Polyethylene 
glycol) 300 (CAS # 25322- 68 -3) - 10g/L. The formula of chelating complex of tartaric acid with Cu 
and alkali metals is presented in Fig. 2.  

 

 
Fig. 2 Tartaric acid complex with Cu and alkali metals 

 
In addition to these components, the stimulant also contains certain amounts of amino acids, 

vitamins and other important nutritious organic compounds due to the acid hydrolysis of yeast 
residues in the composition of tartar during the purification of tartaric acid using hydrochloric acid. 
Protein determination was carried out by the Lowry method and showed an average of about 55mg/g 
[15].  

 

Table 1 
Study of changes in the morphological and phonological parameters of agricultural plants  

under the action of drugs to stimulate growth: S - sample, C - control, A - cucumber,  
B - beans, C - bean pods, D - strawberries, E - potatoes, F - garlic. 

 

S 
Number of vegetative organs Number of generative organs 

Number of flowers in 
inflorescences 

«Complex-
100» 

«Complex-
150» 

C 
«Complex-

100» 
«Complex-

150» 
C 

«Complex-
100» 

«Complex-
150» 

C 

А 5 6 4 18 19 16 - - - 

B 8 8 6 16 18 12 - - - 

C 12 15 11 21 24 19 - - - 

C - - - 22 24 21 12 14 11 

D 6 7 5 - - - - - - 

E 1 1 1 1 1 1 - - - 

 
The stimulant also contains vitamins, pectin and other wall components, alkaloids, products of 

partial proteolysis, carbohydrates, oils, pigments. A laboratory study of the effect of 1% and 2% 
stimulant solutions on the growth of Stapelia grandiflora Masson cultivated in pots with soil, 100-
120g in volume, showed a positive effect in increasing the biomass of the underground and above-
ground parts of the plant intensifying the green color and accelerating the growth rate in comparison 
with control samples. Similar results were obtained also when applying the stimulant to other 
representatives of the experimental succulents under conditions of standard watering. Kalanchoe 
blossfeldiana also showed an intensification of the formation of generative buds and a 15% 
lengthening of the flowering period and in the case of Aloe vera, significant leaf hypertrophy was 
observed. 
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The data of the primary toxicological analysis are as follows: the average lethal dose (per os)՝ 
DL50 = 805 mg/kg, skin irritative toxicity DL50 > 1000 mg/kg, toxicity and skin-irritating effect on 
intact skin is absent, slightly irritating effect on the mucous membrane of the eye presents, and as a 
result it’s being considered as the substance of IV class of allergenicity (weak allergen) and II class of 
hazard. Thus, it might be considered as a drug of medium toxicity [16]. 

 

Table 2 
Research of parameters of productivity of the most important agricultural plants after exposure  

to growth preparations. N - and studied samples  
(A - cucumber, B - red beans, C - green beans, D - garlic, E - potatoes, F – strawberries) 

 

N 
Productivity on 50м2 (кг) Productivity per 1ha (t.) 

«Complex-100» «Complex-150» Control «Complex-100» «Complex-150» Control 
A 150 156 148 320 3200 29,6 
B 16,2 17 16 3,21 36 3,2 
C 20 21 19,8 4 4,2 3,96 
D 38 39 37 7,6 7,8 7,4 
E 167,7 180 160 32 36 31,9 
F 30 32 29 6 6,4 5,8 

  
Table 3 

Effect of the stimulant on the growth of Stapelia grandiflora Masson. «+» - sample after injection 
into 120 g of soil, 5 ml of 2% stimulant solution; «-» - control sample,  

* - formation of a vegetative bud (0.5 cm), # - the formation of a vegetative bud (1.5 cm) 
 

Sample 
of plants 

0 moment 30 days 60 days 
shoot length (cm) root length (cm) shoot length (cm) root length (cm) shoot length (cm) root length (cm) 

1 - 9,3 3,5 11,5 3,9 15,5 4,5 
2 + 8,8 4,2 13,7 4,8 17,5 5,2 
3 _ 8,2 2,2 12,5 4,2 14 4,3 
4 + 7,5 2,5 14,5 3,1 16,5 3,5 
5 - 4,3 1,7 6,1 2,1 7,2 3,2 
6 + 3,7 1,8 6,5* 4 6,5# 4,5 
7 - 2,7 0,3 3,5 1,8 4,3 2,3 
8 + 2,5 0,3 4,8 1,5 5,7 2,4 
9 - 4 1,4 5,9 2,2 7 2,7 
10 + 4,6 1,3 7,2 4,3 8,5 5,5 

 
According to the presented tables 1-2, the growth of the generative and vegetative parts of plants 

as well as the yield indicators are noticeably higher than the values of similar parameters of the 
control samples. The data of the primary toxicological analysis are as follows: average lethal dose (the 
main quantitative characteristics of toxicity) (per os)՝ DL50 = 805 mg/kg, skin irritative toxicity DL50 

cut > 1000 mg/kg, toxicity and skin-irritating effect on intact skin is absent, slightly irritating effect on 
the mucous membrane of the eye, IV class of allergen properties (weak allergen), II class of hazard - a 
drug of medium toxicity. 

A laboratory study of the effect of 1% and 2% solutions of a stimulant on the growth of Stapelia 
grandiflora Masson, cultivated in pots with soil and a volume of 100-120 g showed a positive effect 
in increasing the biomass of both the underground and aboveground parts of the plant, intensifying the 
green color and accelerating the growth rate compared with control samples under standard watering 
conditions (Tab. 3). 



AGRICULTURE 

15 

Similar results were obtained also when applying the stimulant to other representatives of the 
experimental succulents (Fig. 3). Kalanchoe blossfeldiana also showed an intensification of the 
formation of generative buds and a 15% lengthening of the flowering period was observed with 
significant leaf hypertrophy in case of Aloe vera.  

 

 
 

Fig. 3 Effect of a stimulant on the growth of Stapelia grandiflora Masson  
A - prototype, B - control sample 

 

Tab. 4 shows the results of the effect of the stimulant on the germination and growth of 
seedlings of lentil Lens culinaris under laboratory conditions. During the research, the stimulating 
effect of the drug was revealed leading to an increase in green biomass, the number of roots both 
lateral and adventitious.  

Earlier germination of seeds and emergence of seedlings were also noted in comparison with the 
control samples (Fig. 4).  

Results of field tests of the «Complex Plus» preparation based on the insecticide imidacloprid 
and a growth stimulator based on tartaric acid and chelated micro- and submicroelements, on callus 
and seed crops of Solanum tuberosum potatoes (1% solution (100L/ 10L of water) - for leaf food, 2% 
solution (200/10L of water) - for root nutrition - 4-6 according to the calculation of one water path) 
are shown in Fig. 4 and Tables 1-4. 

 
Fig. 4 Laboratory tests of the stimulant effect on the growth of lentil seedlings Lens culinaris 
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Table 4 
Analysis of the effect of the stimulant on the growth of lentil seedlings Lens culinaris.  

S - experimental sample, C - control sample. 
 

 
Sample 

0 moment 4 days 7 days 
shoot length 

(cm) 
main root 

length (cm) 
shoot length 

(cm) 
main root 

length (cm) 
shoot length 

(cm) 
main root 

length (cm) 
1% 0 0 1,4 0,31 2 0,7 
2% 0 0 1,6 0,5 3,2 1,3 
C 0 0 1,25 0,25 1,8 0,5 

  
According to the collected data (Fig. 4-5), the level of green biomass growth is significantly 

different in the experimental and control samples. And it’s notable in both laboratory tests and field 
trials.  

 
Fig. 5 Greenhouse and field experiments of the phytostimulator  

on 2 varieties of sowing (A) and callus (B) crops of Solanum tuberosum potatoes 
 

Cream of Tartar is the waste of the wine industry which  xxxxxxxmakes it an affordable and 
inexpensive raw material for obtaining targeted agricultural products. According to literature data. 
Tartar contains various organic compounds, including amino acids, vitamins and other processed 
products of yeast and grapes [17].  

Based on the literature data, the agricultural preparations based on tartar are successfully used, 
as, for example, the preparation «Lalvigne Aroma» which is used to improve the aromatic properties 
of grapes in the process of phenolic ripening [18].  

Plant growth regulators are also known such as oxalic, succinic, indoleacetic and others based 
on various organic acids [19]. Tartaric acid is one of the most important compounds in plant 
metabolism [20]. Therefore, the intensification of growth is associated with the intensification of 
metabolism under the influence of tartaric acid. 

 
Conclusions  
According to the initial toxicological assessment, these substances are of moderate toxicity and 

low allergenicity. The stimulating effect of the «Complex» and «Complex Plus» preparation on 
decorative succulent and the most important agricultural crops was investigated and proved which 
manifests itself in the intensification of growth processes, an increase in chlorophyll content in green 
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parts of plants, a shortening of the period between flowering and fruiting, an increase in the biomass 
growth of both underground and ground parts of the plants. During the usage of complex preparation 
of foliar feeding which is acting as a microfertilizer, the absence of pests in the test samples was noted 
which is defined by the effect of the insecticidal component of the preparation. Currently the 
presented drug is being prepared for state registration and patenting. 
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ԲՈՒՅՍԻ ԱՃՆ ԱԿՏԻՎԱՑՆՈՂ ԳԻՆԵԹԹՎԻ ՀԻՄԱՆ ՎՐԱ ՆՈՐ ԿՈՄՊԼԵՔՍԱՅԻՆ 
ՊԱՏՐԱՍՏՈՒԿԻ ՈՒՍՈՒՄՆԱՍԻՐՈՒԹՅՈՒՆ 

 
Ա.Ռ. Միքայելյան1, Բ.Գ. Բաբայան2, Գ.Հ. Ներսիսյան3, Ա.Մ. Գրիգորյան4 
1Հայաստանի ազգային պոլիտեխնիկական համալսարան, Գյուղատնտեսական «Թունաքիմիկատների 
ստացում և որակի վերահսկում» բազային գիտահետազոտական լաբորատորիա  
2ՀՀ ԳԱԱ «Հայբիոտեխնոլոգիա» ԳԱԿ, «Էկոլոգիական անվտանգություն» լաբորատորիա 
3Շուշիի տեխնոլոգիական համալսարան, Բնական տեխնոլոգիաների լաբորատորիա 
4Հայ-Ռուսական hամալսարան, Դեղագործական քիմիայի ամբիոն 
 

Ուսումնասիրվել է Հայաստանի ազգային պոլիտեխնիկական համալսարանում (ՀԱՊՀ) 
մշակված, գինեքարից անջատված բնական գինեթթվի վրա հիմնված, «Կոմպլեքս» և «Կոմպլեքս 
Պլյուս» 2 նոր կոմպլեքսային բույսերի աճի խթանիչ (ֆիտոստիմուլյատոր) պրեպարտները:  

Ֆիտոստիմուլյատորի ազդեցությունը՝ տարբեր տաքսոնոմիական խմբերի մի շարք  
բարձրակարգ ծաղկավոր բույսերի վրա: Կատարվել են մի շարք լաբորատոր և դաշտային 
փորձարկումներ գյուղատնտեսական մշակաբույսերի, դեկորատիվ բույսերի և դեղաբույսերի վրա` 
կակտուս (Stapelia grandiflora Masson), բուժիչ ալոե (Aloe vera), դեկորատիվ կալանխոե 
(Kalanchoe blossfeldiana, Kalanchoe daigremontiana), կապույտ ագավա (Agava tequilana), 
ամերիկյան ագավա (Agava americana L. Trifasciata), կարտոֆիլ (Solanum tuberosum), սխտոր 
(Allium sativum), լոբի (Phaseolus vulgaris), ելակ (Fragaria × ananassa), վարունգ (Cucumis 
sativus) և ոսպ (Lens culinaris)։ Առավելագույն էֆֆեկտը դիտվում է սուկկուլենտ բույսերի համար: 

Ըստ նախնական էկոտոքսիկոլոգիական բնութագրից` տվյալ միջոցն իրենից ներկայացնում 
է էկոլոգիապես մաքուր նյութերի խառնուրդ, որն արտադրվել է «կանաչ քիմիայի» մեթոդներով. 
այն միջին թունավոր և թույլ ալլերգեն է: 

 
Բանալի բառեր. գինեթթու, միկրոպարարտանյութ, գյուղատնտեսական բույսեր, բույսերի 

աճի խթանիչ (ֆիտոստիմուլյատոր), խելացնող կոմպլեքսներ: 
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ИССЛЕДОВАНИЕ НОВОГО КОМПЛЕКСНОГО ПРЕПАРАТА НА ОСНОВЕ ВИННОЙ 
КИСЛОТЫ ДЛЯ АКТИВАЦИИ РОСТА РАСТЕНИЙ 

 
А.Р. Микаелян1, Б.Г. Бабаян2, Г.Г. Нерсисян3, А.М. Григорян4 
1Национальный политехнический университет Армении (НПУА), базовая научно-исследовательская 
лаборатория «Получение сельскохозяйственных ядохимикатов и контроль качества» 
2Научно-Производственный Центр (НПЦ) «Армбиотехнология» Национальной Академии Наук 
Республики Армения (НАН РА), лаборатория экологической безопасности 
3Шушинский технологический университет, лаборатория естественных технологий 
4Российско-Армянский университет (РАУ), кафедра фармацевтической химии 

 
В статье рассмотрено влияние двух комплексных стимуляторов роста растений 

(фитостимуляторов) «Комплекс» и «Комплекс Плюс», полученных на основе природной 
винной кислоты, выделенной из винного камня, согласно методике,  разработанной в 
Национальном политехническом университете Армении (НПУА), на рост ряда высших 
цветковых растений.  

Был проведен ряд лабораторно-полевых испытаний сельскохозяйственных культур, 
декоративных и лекарственных растений: кактуса (Stapelia grandiflora Masson), лекарственного 
алоэ (Aloe vera), декоративного каланхоэ (Kalanchoe Blossfeldiana), каланхоэ (Kalanchoe 
daigremontiana), голубой агавы (Agava tequilana), американской агавы (Agava americana L. 
trifasciata), картофеля (Solanum tuberosum), чеснока (Allium sativum), фасоли (Phaseolus 
vulgaris), клубники (Fragaria × ananassa), огурцов (Cucumis sativus) и чечевицы (Lens culinaris). 
Максимальный эффект наблюдался у суккулентов. 

Согласно данным предварительной экотоксикологической характеристики, данное 
средство представляет собой смесь экологически чистых веществ, произведенных по 
технологиям «зеленой химии», обладает умеренной токсичностью и слабой аллергенностью. В 
настоящее время препараты «Комплекс» и «Комплекс Плюс» готовятся к государственной 
регистрации и патентованию в РА.  

 
Ключевые слова: винная кислота, микроудобрения, сельскохозяйственные растения, 

стимулятор роста растений (фитостимулятор), хелатные комплексы. 
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Abstract 
Studies have shown that in terms of growth intensity from birth to fertilization, fleckvie animals 

exceeded jerseys by 20.5% and live weight by 47.8%. 
According to the results of the first lactation, the average milk yield of the firstborn cows in 

fleckvie breed was 3810 4.55%, and in jersey breed - 2810 kg and 5.61%, respectively or the fleckvie 
breed animals exceeded the Jersey by 34.6%. At the same time, according to the content of milk oil, 
they lost to jersey by 4.5 kg. 

Imported heifers were more susceptible to blood parasitic diseases, especially piroplasmosis. 
Therefore, it is guaranteed to carry out a zootechnical-economic assessment of the imported 

breeds which will allow to discover the potential for crop production due to heredity. 
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Introduction 
The Republic of Artsakh is an agrarian country the economy of which is based on agriculture 

with its two traditional branches: crop production and animal breeding. 
Taking into account the fact that the development of agriculture is generally based on the use of 

living organisms - plant and animal biological characteristics, it is necessary to develop an appropriate 
program aimed at maximizing their potential for crop production due to heredity. 

The latter is the basis for maintaining the health of the population, full realization of its 
biological, physiological and hereditary features. 

Providing the population of the country with the necessary quantity of high quality dairy 
products is considered to be the main task of milk producers and dairy processors. 
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The Caucasian gray breed, which is widespread in the country and has a dairy orientation, is 
well adapted to the local climatic conditions and successfully combines dairy and meat production. 
The genetic potential of lactation varies between 3000-3500 kg. Therefore, the pedigree breeding 
work should be aimed not at the radical transformation of this breed, but at the improvement of certain 
features, in particular, the increase of productivity, the improvement of the breast by the method of 
pure breeding as well as by interbreeding. 

Recently the government of the country has been paying close attention to improving pedigree 
work by importing purebred animals of high-yielding foreign breeds. 

In particular, initially in the Khnapat pedigree of Askeran region of the republic 66 heifers and 
also 100 heads of fleckvie and jersey heifers were imported. The process of importing later became 
continuous giving priority to the fleckvie-jersey breeds. 

According to the offer of the Food and Agriculture Organization of the United Nations (FAO) 
under the auspices of the United Nations, the priority will be given to the combined breed (dairy) 
breeds which are considered to be more competitive with narrowly specialized dairy breeds. In this 
respect, the fleckvie breed can be considered more promising than the mentioned breeds, and 
according to the results of Kh.M. Simonyan's and others research in the Republic of Armenia, it is 
more expedient to use the animals of American breed as a breeder in the Caucasian gray herds (1). 
The Jersey breed has a purely milky direction. Its genetic potential is 3000-3600 kg with 5% fat in 
milk. At the same time, it should be taken into account that it has insufficiently developed meat 
features. 

In this regard, it is necessary to carry out a zootechnical-economic assessment of the imported 
breeds by creating conditions for normal feeding and care which will contribute to the maximum 
realization of their potential production. 

The most important prerequisites for the assessment of the breed are milk yield, meat 
characteristics, reproductive capacity as well as suitability for the requirements of industrial 
technology. 

 
Research  results 
The scientific and economic experiment was organized and held  at Khnapat’s pedigree station  

in Askeran region of the Artsakh Republic in 2019-2020. 
According to the principle of similarity, 5 heads of fleckvie -jersey animals were selected; 

scientific research was carried out from birth to the end of the first lactation. 
Throughout the experiment, the tested animals were found in the same feeding and care 

conditions on the farm. 
Data on the growth intensity of the live weight of the tested animals from birth to fertilization 

are given in Table 1. 
Table 1 

Live mass dynamics from birth to fertilization 
 

Race 
Number 

of 
animals 

Weight 
at birth 

(kg) 

0 - 6 months 6-12 12-18 From 18 to 
fertilization 

Live 
weight, 

kg 

Average 
daily 

weight 
gain, g 

Live 
weight, 

kg 

Average 
daily 

weight 
gain, g 

Live 
weight, 

kg 

Average 
daily 

weight  
gain, g 

Live 
weight, 

kg 

Average 
daily 

weight 
gain, g 

Fleckvie 5 30 130 556 235 583 339 578 473 647 
Jersey 5 17 99 456 186 483 279 517 320 540 
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According to the data in Table 1, the live weight of the tested heifers at birth was 30 kg for the 
fleckvie breed and 17 kg for the jersey breed. At the beginning of fertilization, the weight was 473 and 
320 kg respectively, according to the breeds. 

The average daily weight gain from birth to fertilization was 593 g for fleckvie animals, 492 g 
for jerseys or 20.5 % more and 47.8 % for live weight. 

More rapid growth was observed in the animals of both breeds from 18 months before 
fertilization, amounting to 647 g of fleckvies and 540 g of jerseys. 

One of the most important prerequisites for the assessment of breeds is their reproductive 
capacity due to the first fertilization and birth age as well as pregnancy rates, which can be seen from 
the data in Table 2. 
 

Table 2 
Reproductive traits of Fleckvie and Jersey heifers 

 

Race 
The age of the first fertilization, 

days 
Duration of pregnancy, day 

The age of the first birth, 
day 

Fleckvie 747 282 1029 

Jersey 616 278 893 

 
In terms of pregnancy duration, the experimental groups were characterized by indicators close 

to each other which fluctuated within the physiological norm. 
The average age at first birth was 1029 days or 34.3 months for fleckvie animals and 747 days 

or 24.9 months for fertilization. If we compare it with similar figures of heifers imported from Austria, 
we can conclude that the heifers received on the spot had a 4.7-month extension of the first gestational 
age. Such a phenomenon is due to the conditions of incomplete feeding, lack of proper care and 
behavior accepted at the pedigree station. In the case of the Jersey breed, these figures were 20.5 and 
29.8 months, respectively. 

The general indicators of racial assessment are milk production during lactation, milk quality, 
especially fat and protein content. 

Dairy production was calculated using test milking three times a month, the results of which are 
listed in Table 3. 

 

Table 3 
Dairy production of tested animals by days and months 
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Fleckvie 15,4 462 18 540 15,8 474 14,6 438 13,6 408 12,6 378 11,6  348 10,2 306 8,6 258 6,6 198 3810 

Jersey 11,6 348 13 390 12,4 372 11,4 342 10,4 312 9,4 282 8,4  252 7,4 222 6 180 4,2 126 2830 
 

The average lactation in lactating animals was 3810 kg, jersey - 2830 kg. The firstborn cows of 
the fleckvie breed surpassed the jersey by 980 kg or 34.6 % in milk yield. 
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The highest milk yield per day was observed in animals of both breeds in the second month of 
lactation. The latter weighed 18 kg in fleckvie animals and 13 kg in jerseys. Fluctuations in milk 
levels were observed in both breeds and group animals. The highest milk yield during lactation was 
observed for the fleckvie breed, N2498, at 4,200 kg, and for the Jersey breed, N2638, at 3,300 kg. 

Assessing the quality of milk in terms of lactation, the fat and protein content was determined in 
animals of different breeds. 

The results of the study are presented in Table 4. 
 

Table 4 
Fat and protein content in the milk of animals of different breeds 

 

Race Milk yield, kg Milk fat content,% Protein content,% 
100 g of fat contains 

protein, g 

Fleckvie 3810 4,05 3,50 86,4 

Jersey 2830 5,61 4,08 72,7 

 
As can be seen from Table 4, the relatively high milk fat content of jersey animals is relatively 

high in protein, with 72.7 g of protein per 100 g of fat. 
There was a certain difference in the ratio of these indicators of the fleckvie breed and 86.4 g of 

protein was accounted for per 100 g of oil. 
A general indicator of milk productivity and fat content can be considered the content of milk 

fat in terms of milk received during lactation (Table 5).  
 

Table 5 
Milk fat content in lactating cows of different breeds 

 

Race Milk yield, kg Milk fattiness, % Milk oil content, kg 

Fleckvie 3810 4,05 154,3 

Jersey 2830 5,61 158,8 

 
The data in Table 5 show that although the Jersey animals were 980 kg inferior to the fleckvie 

breed in terms of milk yield, they surpassed it by 4.5 kg in the amount of milk fat. 
According to the literature, the jersey breed has a limited use of pure breeding. It is mainly used 

in cross-breeding in commercial farms, cross-breeding jersey bulls with low-fat cows where high-fat 
milk is successfully inherited from first-generation hybrids. Thus, in a number of farms of the Russian 
Federation, according to N. Burlakov and according to D. Startz (2), the crossbreeding with the 
purebred race contributed to the increase of milk fat in mixed breeds by 25.3, 33.9 and 28.8 kg. 

According to A. Soldatov (4), under the conditions of normal feeding and care jersey animals 
are easily adapted to climate change showing a rather high productivity, revealing the genetic 
potential of the product specific to the breed. According to the data registered in the pedigree books, 
the milk yield of Jersey cows in the first lactation was 2893 kg -5.83 %, in the second - 3396 kg and 
5.11 %, in the third- 3553 kg  and 6.65%. The results of our research on milk quality assessment are 
somewhat different from the data obtained by K. Markova and  others (3). Thus, according to the 
results of the studies of the mentioned author, in the first lactation, the milk yield of the firstborn cows 
of the purebred jersey breed was 3038 kg, the milk fat content was 5.87 % and the protein content was 
4.08. 100 g of fat contained 69.5 g of protein. 
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The pediatric veterinary service has conducted some studies on the adaptive characteristics of 
imported animals. In particular, according to the results of the researches of the first director of the 
pedigree, veterinarian K. Narimanyan, some peculiarities in terms of climate adaptation were 
observed among the animals.  

They were more susceptible to parasitic diseases of the blood, especially piroplasmosis. 
Pedigree animals have developed the chronic infectious disease as necrobacteriosis, which is of 

microbial origin, characterized by purulent diagnoses of skin and tissues, leading to decline. The latter 
was not observed in local animals. The Holstein-Frisian tribes were especially sensitive to him. 

Mastitis is one of the most common mammalian diseases in imported animals. Jersey animals 
have a greater tendency in this regard.  

One of the main problems of climate adaptation is the regulation of heat exchange between the 
organism and the “environment”. 

Conditions in Europe significantly differ from those in Artsakh in terms of temperature. 
The average summer temperature in Europe ranges from 23 to 26°C, and in the conditions of 

Artsakh it is 36-40°C. The latter exceeds the body temperature. Under such conditions, the heat 
content of the animals decreases and the heat regulation is disturbed. 

At the same time, it should be borne in mind that the implementation of measures related to 
acclimatization gives rise to additional costs with a negative impact on the quality of animal 
production and economic use. 

 
Conclusion 

1. In terms of growth intensity from birth to fertilization, Fleckvie animals exceeded  jerseys. The 
average daily weight gain was 593 g for fleckvie heifers and 492 g for jerseys, or 20.5% for 
fleckvies and 47.8% or 320 kg for live weight, respectively. 

2.  From the point of view of reproductive traits, the animals of the jersey breed showed some 
precocity which is typical for the given breed. The age of the first fertilization was 20.5 months, 
the gestation period was 278 days, the birth age was 29.8 months. The indices of the fleckvie 
breed were 24.9 months, 282 days and 34.3 months, respectively. 

3.  According to the results of the first lactation, the average milk yield of the fleckvie was 3810 
kg, the jersey - 2830 kg, or the animals of the flechvie exceeded the jersey by 980 kg or by 
34.6%. At the same time, in terms of quality, the content of milk fat and protein was relatively 
high in milk of the jersey breed, making 5.61 and 4.08% and 4.05 and 3.5%, respectively. As a 
general indicator of lactation, the animals of the jersey breed with milk fat content exceeded the 
flekvie by 4.54 kg. 

4. According to a study by veterinary specialists, pedigree animals imported from Europe were 
more susceptible to parasitic diseases of the blood, especially piroplasmosis, and developed the 
chronic infectious disease of necrobacteriosis, leading to declines. 

Suggestions 
1. To carry out zootechnical-economic assessment of imported breeds, creating conditions for 

normal feeding and care. Under conditions of malnutrition, it is impossible to identify the 
potential for productivity, which sometimes leads to the question of substituting one breed for 
another. 

2. To guarantee the breeding of jersey to be combined with any breed of the dairy breed based on 
the results of our researches in the literature and the best experience. And in this connection, 
taking into account that the import of purebred animals gives rise to high material costs in rough 
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and mountainous climatic conditions it is expedient to breed the Caucasian gray breed 
combining dairy and meat production and at the same time rationally used pastures. 
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ՏԱՎԱՐԻ ՖԼԵԿՖԻ ԵՎ ՋԵՐՍԵՅ ՑԵՂԵՐԻ ԵՐԻՆՋՆԵՐԻ ԱՃԻ, ԶԱՐԳԱՑՄԱՆ ԵՎ 
ՄԹԵՐԱՏՎՈՒԹՅԱՆ ՁԵՎԱՎՈՐՄԱՆ ՀԱՄԵՄԱՏԱԿԱՆ ԲՆՈՒԹԱԳԻՐԸ  

ԱՐՑԱԽԻ ՀԱՆՐԱՊԵՏՈՒԹՅՈՒՆՈՒՄ 
 

Ս.Ա. Շահնազարյան, Կ.Զ. Նարիմանյան, Մ.Ս․ Սարուխանյան  

Շուշիի տեխնոլոգիական համալսարան 
 

Ուսումնասիրություններով հաստատվել է, որ ըստ աճի ինտենսիվության ծնից մինչև 
բեղմնավորումը ընկած ժամանակահատվածում ֆլեկֆի ցեղի կենդանիները գերազանցել են 
ջերսեյ ցեղին 20,5 %-ով, իսկ ըստ կենդանի զանգվածի ՝ 47,8 %-ով:  

Առաջին լակտացիայի արդյունքներով առաջնածին կովերի միջին կաթնատվությունը 
ֆլեկֆի ցեղի մոտ կազմել է 3810 4,05 % յուղայնությամբ, իսկ ջերսեյ ցեղի մոտ 
համապատասխանաբար՝ 2810 կգ և 5,61 %, կամ ֆլեկֆի ցեղի կենդանիները գերազանցել են 
ջերսեյին՝ 34,6 %-ով: Միաժամանակ ըստ կաթնայուղի պարունակության նրանք զիջել են 
ջերսեյին՝ 4,5 կգ-ով: 

Ներկրված երինջները ավելի ընկալունակ են եղել արյան պարազիտային 
հիվանդությունների հատկապես պիրոպլազմոզի նկատմամբ: 

Ուստի երաշխավորվում է կատարել ներկրված ցեղերի զոոտեխնիկական և տնտեսական 
գնահատում, որը հնարավորություն կընձեռնի նրանց մոտ բացահայտելու մթերատվության 
պոտենցիալ հնարավորությունները պայմանավորված ժառանգականությամբ: 

 

Բանալի բառեր. լակտացիա, հղիություն, ինտենսիվություն, ժառանգականություն, 
պիրոպլազմոզ,  կաթնատվություն: 
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СРАВНИТЕЛЬНАЯ ХАРАКТЕРИСТИКА РОСТА, РАЗВИТИЯ И 
ФОРМИРОВАНИЯ ПРОДУКТИВНОСТИ НЕТЕЛЕЙ ПОРОД ФЛЕКФИ И 

ДЖЕРСЕЙСКОЙ В РЕСПУБЛИКЕ АРЦАХ 
 

С.А. Шахназарян, К.З. Нариманян, М.С. Саруханян 
Шушинский технологический университет 

 
Исследования показали, что по интенсивности роста в период от рождения до 

оплодотворения животные породы флекфи превзошли джерсейскую породу на 20,5%, а по 
живой массе - на 47,8%.  

По результатам первой лактации средний удой первотелок породы флекфи составил 3810 
кг при жирности молока 4,05%, а у джерсейской, соответственно, - 2810 кг и 5,61%, т.е. 
животные породы флекфи превзошли джерсейскую на 34,6%. В то же время по содержанию 
молочного жира они уступили джерсейской на 4,5 кг.  

Привозные нетели оказались более восприимчивы к кровепаразитарным заболеваниям, 
особенно к пироплазмозу. 

Поэтому рекомендуется провести зоотехническую и экономическую оценку привозных 
пород, что позволит выявить потенциальные возможности продуктивности, обусловленные 
наследственностью. 

 
Ключевые слова: лактация, беременность, интенсивность, наследственность, 

пироплазмоз, удойность․ 
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Abstract 
This paper presents the development of technologies for the production of toothpastes for the 

care of the oral cavity, in particular for elimination of gingivitis, parodontosis, parodontopathy, 
stomatitis, fungal infections, Inflammatory process of the gums, bad breath, using only natural 
ingredients. They can be used for fungal and microbial disinfection, gum firming and caries 
prevention. 
 

Key words: oral cavity, scorbutus / scurvy, parodontosis, parodontopathy, stomatitis, fungal 
infections. 
 

Introduction 
Toothpaste, which is a jelly-like mass (sometimes in the form of gel), is designed for cleaning 

teeth and ensuring oral cavity hygiene. The Persians have made a great contribution to this sphere, 
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who throughout history have contributed to the development and improvement of toothpastes. They 
used to make toothpaste from crushed deer antlers, snail shells, and gypsum powder. Persian recipes 
included various herbs, minerals, honey, and aromatic oils. The prototype of the toothpaste currently 
in use was made in the UK. To produce toothpaste brick powder, clay and crushed porcelain were 
used. However, this toothpaste damaged the tooth enamel, to avoid which toothpaste was added to 
glycerin. At that time the toothbrush was not used yet, the paste was used with the help of fingers. 

The Greeks and the ancient Romans were the founders of modern toothpastes and oral cavity 
hygiene. 

Currently, the base component of toothpaste is silicate. To produce toothpaste the following 
components are used – water, which makes up  1-1.5% of the mass, foaming, binding, softening 
agents, preservatives, active agents, antiseptics, flavorings, herbal and other additives. 
 

Conflict setting 
In the work a goal is set to expand the range of oral cavity  care products and to get an improved 

toothpaste using only natural ingredients. In order to achieve this goal four different types of 
toothpaste based on the registered  inventions of the authors are proposed. 
 

Research results  
The composition of the first paste includes  the following components in  percentage of the 

mass, chalk powder 29.0-32.0%, honey 11.0-12.0%, sea-buckthorn seed oil 1.0-5.0%, bee pollen 9.0-
11.0%, amaranth seed oil 5.0-6.0%, 3-methyl-6-isopropylcyclohexanol (menthol) analgestic and 
disinfectant agent 0.05-0.1%, sea-buckthorn paste - the rest [1]. 

Menthol is the main ingredient in the mint essential oil. It is a bitter, colorless crystalline 
substance. Its melting point is 43oC and boiling point is 216oC. It is poorly soluble in water and is 
good soluble in organic solvents. Instead of menthol,  can be  used thyme, basil, coriander essential 
oils. 

Amaranth oil is used to treat radiation sickness. Its ripe seeds in composition are similar to 
breast milk. Amaranth contains a number of unique substances, micronutrient elements and vitamins, 
it also has anti-tumor effect, preventing the destructive cancer-free effect of free radicals on the cell. 
Amaranth oil is a powerful source of squalen. The amaranth was traditionally used to feed newborn 
infants, and soldiers, in the past,  took with them amaranth grains during  long treks. To the ancient 
Greeks, the amaranth symbolized immortality and was used in Chinese medicine as an anti-aging 
remedy. The UN Food Commission has included the amaranth in the list of important plants of the 
XXI century. 

The bee blossom pollen contains proteins, nitrogen, carbohydrates, fats, ferments, sugar, 
minerals, some vitamins. For the proper development of the human body twelve of necessary  amino 
acids  are contained in pollen. Bee pollen regulates blood pressure, increases the number of red blood  
cells, increases the body's capacity for to work. It increases the activity of the gonads, regulates 
menstruation period, slows the growth of tumors. Bee pollen contains vitamins C, B1, B2, B6, P, A, 
E, D. 

Chinese doctors consider the sea buckthorn as a berry of health and longevity and thus cure 
many diseases. The oil made from fruits and seeds helps healing  wounds and burns. Sea-   buckthorn 
paste can be replaced by rosehip, pineapple, raspberry, blackberry pastes. 

Sea buckthorn contains other vitamins E, B1, B2, K, P,, carotene substances ascorbic acid, folic 
acid. 

The recommended toothpaste is used like any other classic toothpaste. Its penetration into the 
body (in case of swallowing) is extremely safe. It has a pronounced analgesic and disinfectant effect. 
It is rich in unsaturated fatty acids, vitamins, minerals, natural amino acids. 
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The composition of the second paste includes  the following components in  percentage of the 
mass, chalk powder 20.0-22.0%, honey 10.0-11.0%, propolis 9.0-10.0%, powdered sugar 7,0%, -
9.0%, , and bee pollen - 10.0-13.0%, clove essential oil - 0.1-0.2% տ olive oil - the rest [2]. 

Propolis, which contains flavonoids, essential oils, amino acids, fatty acids, is a powerful 
antioxidant, has bactericidal properties, and is anti-inflammatory. 

It has a strong analgesic property (5.5 times stronger than novocaine, 3.5 times stronger than 
cocaine), is active against gram + and gram - microorganisms, also is against a number of viruses 
(especially in case of zoster, types of influenza). Propolis has a pronounced anti-fungal activity. 

Clove essential oil, due to its main ingredient, eugenol, is a very good analgesic and anti-
inflammatory, which makes it irreplaceable in dental practice (caries, periodontitis and in a number of 
other diseases). 

Olive oil is considered to be the best known fruit oil in the world, it contains saturated and 
unsaturated fatty acids, vitamins A, E, carotenes, antioxidants, it has free radicals neutralizing 
property. 

The recommended toothpaste is used like any other classic toothpaste. Its penetration into the 
body (in case of swallowing) is extremely safe. It has an gingival bleeding stopping effect, restoring 
the normal functioning of the gums, analgesic (local anesthetic), rejuvenating the oral cavity, anti-
inflammatory, antifungal, antiseptic, antibacterial effect. 

It is rich in vitamins, minerals, natural carbohydrates, proteins, natural amino acids, flavonoids, 
cinamon acid. 

The composition of the third paste consists of the following ingredients in percentage to the 
mass,  chalk powder 20.0-40.0%, propolis 6.5-7.5%, powdered sugar 10.0-17.0%, sea-buckthorn fruit 
oil 10,0-20,0%, sea-buckthorn kernel oil - 4,0-10,0%, coriander essential oil - 0,5-1,0% and olive oil - 
the rest [3]. 

The physical and chemical properties of coriander seed essential oil are presented in Table [4]. 
 

Table 
Physical and chemical properties of coriander essential oil 

 

T0K 
Vi

.107, 
mol/l.s 

The mass of 
essential oil, mg τ, minute 

f.[InH]а.104 
mol/l 

Vб.106 

mol/l.s 
k7

.10-4 
l/mol.s 

k71
.10-2 

l/mol.s 
348 1,25 8,25 10 0,084 1,39 3,83 16,30 
348 1,25 16,50 18 0,082 0,83 3,81 16,42 
348 1,25 22,64 25 0,083 0,62 3,85 16,29 
348 2,50 22,64 13 0,083 1,23 3,8 15,80 
348 0,625 22,64 50 0,082 0,33 3,75 15,92 
348 0,35 22,64 90 0,084 0,18 3,90 16,48 
339 0,733 12,25 38 0,137 0,55 2,55 10,06 
339 0,733 24,50 76 0,137 0,33 2,60 8,96 
339 0,733 30,75 100 0,143 0,23 2,45 10,05 
339 1,250 48,00 82 0,129 0,25 2,55 11,20 
328 0,344 6,12 82 0,276 0,28 1,52 6,31 
328 0,344 3,06 41 0,280 0,46 1,48 6,34 
328 0,344 1,53 21 0,275 0,67 1,56 6,29 
328 0,344 4,80 64 0,274 0,34 1,53 6,35 

 
The recommended toothpaste is used like any other classic toothpaste. Its penetration into the 

body (in case of swallowing) is extremely safe. It has expressive refreshing, antiseptic, gum 
disinfecting, gum bleeding prevention, analgesic (local anesthetic) properties. 
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It is rich in camphor, vitamins, minerals, natural amino acids, flavonoids, cinnamon acid, 
linalool, monoterpene hydrocarbons. 

The composition of the fourth paste consists of the following components in percentage to the 
mass,  chalk powder 32.0-34.0%, propolis 5.0-6.0%, honey 12.0-14.0%, rosehip fruit oil 17,0-,20.0%, 
mint essential oil  4.0-7.0%, and olive oil - the rest [5]. 

Rosehip kernel oil and fruit oil are known for their unique fatty acid composition. Rosehip fruit 
oil and kernel oil contains saturated and unsaturated fatty acids, carotenoids, tocopherol and vitamins. 
In medicine, rosehip fruits are used in case of C and P hypo-and avitaminosis, which occurs due to 
violations of the permeability of the cell membrane walls, due to the decrease of the body's resistance 
to endogenous and exogenous factors. Rosehip kernel oil and fruit oil are considered as a powerful 
antioxidant. Due to its multifunctional and important properties, olive oil has always been widely used 
in various fields of medicine and in various industries. 

The recommended toothpaste is used like any other classic toothpaste. Its penetration into the 
body (in case of swallowing) is extremely safe. It has expressive refreshing, antiseptic, gum 
disinfecting, gum bleeding prevention, analgesic (local anesthetic) properties. 

It is rich in menthol, camphor, vitamins, tannins, terpenes, minerals, natural amino acids, 
flavonoids, cinnamon acid, linalool, monoterpene hydrocarbons. 

Mint essential oil can be replaced by coriander, parsley, thyme, wormwood, cloves, celery, 
vanilla, cinnamon essential oils. 
 

Conclusion 
This work allows to expand the range of oral cavity care products, helps to strengthen the roots 

of the teeth, the elimination of various diseases of the oral cavity. 
The development of technologies designed for production of toothpaste using exclusively 

natural ingredients will allow to have organic products in the field of pneumonia, periodontitis, 
periodontitis, stomatitis, fungal infections, gingivitis, which will be used not only in Artsakh and 
Armenia but also can be exported to many countries. 
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ՑԱՎԱԶՐԿՈՂ ՄԱԾՈՒԿՆԵՐԻ ԱՐՏԱԴՐՈՒԹՅԱՆ ՏԵԽՆՈԼՈԳԻԱՆ 

 
Գ.Հ. Ներսիսյան1,2, Հ.Վ. Թոքմաջյան1,2,  Յու.Մ. Մարտիրոսյան1, Ա.Կ. Միքայելյան1  
1Շուշիի տեխնոլոգիական համալսարան 
2Ակադեմիկոս Ի.Վ.Եղիազարովի անվան ջրային հիմնահարցերի և հիդրոտեխնիկայի ինստիտուտ 

 
Աշխատանքը վերաբերում է բերանի խոռոչի խնամքի միջոցների, մասնավորապես 

լնդախտի, պարադոնթոզի, պարադոնթոպատիայի, ստոմատիտների, սնկային 
ախտահարումների, լնդային բորբոքային պրոցեսների, բերանի տհաճ հոտի վերացման 
նպատակով, բացառապես բնական բաղադրիչների կիրառմամբ ատամի մածուկների 
արտադրության տեխնոլոգիաների մշակմանը: Դրանք կարելի է կիրառել նաև սնկային և 
միկրոբիալ ախտահանումների, լնդերի ամրացման և կարիեսի զարգացումը կանխելու 
նպատակով: 

 
Բանալի բառեր. բերանի խոռոչ,  լնդախտ, պարադոնթոզ, պարադոնթոպատիա, 

ստոմատիտ, սնկային ախտահարումներ։ 
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ТЕХНОЛОГИЯ ПРОИЗВОДСТВА ДЕЗИНФИЦИРУЮЩИХ И ОБЕЗБОЛИВАЮЩИХ 
ЗУБНЫХ ПАСТ С ИСПОЛЬЗОВАНИЕМ НАТУРАЛЬНЫХ КОМПОНЕНТОВ 

 
Г.Г. Нерсисян1,2, О.В. Токмаджян1,2,  Ю.М. Мартиросян1, А.К. Микаелян1 
1 Шушинский технологический университет 
2 Институт водных проблем и гидротехники имени академика И.В. Егиазарова 
 

Работа посвящена разработке технологий производства средств по уходу за полостью рта, 
в частности, зубных паст с использованием исключительно натуральных компонентов для 
лечения цинги, пародонтоза, пародонтопатии, стоматита, грибковых инфекций, 
воспалительных процессов десен, устранения неприятного запаха изо рта. 

Их можно использовать также для грибково-микробной дезинфекции, укрепления десен и 
профилактики кариеса. 

 
Ключевые слова: полость рта, цинга, пародонтоз, пародонтопатия, стоматит, грибковые 

инфекции. 
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Abstract 
Throughout the recent centuries, the limits of using energy resources due to the cost and 

environmental issues became one of the scientists’ concerns. This article discusses the design and 
characteristic properties of solar flat panel and concentrator photovoltaic converters. The principle of 
operation of these two systems is presented․ The advantages and disadvantages of the systems are 
presented. The comparative analysis of two mentioned transformers of solar energy is conducted. 

 
Key words: Concentrator photovoltaics, flat photovoltaics, energy, convertor, efficiency. 
 
Introduction 
One of the important directions of energy efficiency growth in the leading countries of the world 

is the development of alternative energy or renewable energy sources (RES). The most popular 
renewable energy sources currently are: solar energy, wind energy, hydro energy, tidal energy, 
geothermal energy, biomass energy. Sunlight is one of our planet’s most abundant and freely available 
energy resources. The amount of solar energy that reaches the earth’s surface in one hour is more than 
the planet’s total energy requirements for a whole year. Although it sounds like a perfect renewable 
energy source, the amount of solar energy we can use varies according to the time of day and the 
season of the year as well as geographical location. 

 
Conflict setting  
There are two main types of solar energy technologies – concentrator photovoltaics (CPV) and 

flat photovoltaics (PV) converters. The latter provide a direct conversion of solar energy into 
electricity. Solar photovoltaic converters are environmentally friendly, silent, do not require high 
operating costs, and serve for many years. Currently, flat photovoltaic converters are widely used. 
This is due to the great achievements in this field in recent years with the use of the latest technologies 
for the production of flat panel converters. 

Large-scale work is also underway on the development of CPV converters and the construction 
of power plants. This approach is based on the fact that the efficiency of CPV is quite high, which 
allows them to get more energy per unit area than when using flat panels. The efficiency of the 
photovoltaic module with concentrator at the moment is 50%, and the efficiency of the module with a 
flat panel is approximately 20%. However, when using CPV other problems arise, such as the problem 
of accurate solar tracking or cooling of photovoltaic converters. Thus, PV converters with a flat panel 
and concentrating solar panels have their advantages and disadvantages. Therefore, for the purpose of 
further research and applied work, it is necessary to study the characteristics of these two types of 
converters, to carry out their comparative analysis, to which this work is devoted. 
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Research results  
Flat photovoltaic converters of solar energy are composed of solar cells, which are 

semiconductor wafers with a thickness of about 0.5 mm, made mainly of silicon. When light strikes a 
solar cell, part of it is reflected, part of it is absorbed, and part of it passes through the cell. The 
absorbed light excites the bound electrons into a higher energy state, making them free electrons. 
These free electrons move about in all directions within the crystal, leaving holes where the electrons 
used to be, and the holes also shift around the crystal. The electrons (-) collect in the N-layer, the holes 
(+) in the P-layer (Pic.1). Thus, a potential difference arises on the metal electrodes located on the 
upper and lower surfaces of the battery and when the outside circuit is closed, electricity flows [1]. 
Solar panels are connected in series by lamination and placed under protective glass. After placing in 
an aluminum frame and connecting the contacts, a flat solar panel is created (Pic․ 2). The higher the 
required output power, the more solar panels will be required, connecting them in series or in parallel, 
depending on the required output voltage and current values. 

 

            
   Pic. 1 The structure of the solar battery                  Pic. 2 Solar cell and solar module view 

 
Concentrator photovoltaics consist of optical devices that concentrate sunlight, and 

semiconductor solar panels installed in focus. The most common concentrators are reflectors lenses 
(Pic. 5) and refractors mirrors (Pic. 4), which modify and redirect the incident sunlight beam. These 
devices can be point or linear focusing. Concentrator photovoltaic systems usually consist of several 
p-n junctions. Multijunction (MJ) concentrator solar cells are primarily constructed of 3-5 
semiconductor materials [2]. The high solar-conversion efficiencies of these devices are dependent on 
precise control of growth conditions using one of several techniques such as molecular beam epitaxy, 
metal organic chemical vapor, or metal organic vapor-phase epitaxy deposition. The use of several 
junctions in an MJ tandem stack allows these devices to achieve efficiencies that are not possible for 
single-junction devices. In a simple description, the idea of CPV is using optical devices with cheap 
and suitable technology to concentrate the light on small and highly efficient photovoltaic solar cells. 
Hence, the cost will be reduced by means of replacing the cell surface with cheaper optical devices. 
However, it is necessary to use devices with one or two coordinates that follow the course of the sun 
(solar tracker), which leads to additional costs. 

Advantages and Disadvantages of flat PV and CPV. The advantages of flat PV systems (Pic. 5) 
are as follows [3]: 

- rather low cost (While panels themselves cost $0.70 to $1.50 per watt, the price to install solar 
panels costs $3.20 per watt), 

- easy production process (low risk), 
- օpportunity for reliable and long-term service, 
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- very low operating costs, 
- great opportunities for integration on the roofs and walls of buildings, 
- can be used not only for direct sunlight, but also for diffuse radiation. 

 

Based on the above, flat photovoltaic panels have many strengths, which is why they are widely 
used all over the world. 

However, photovoltaic converters with a flat panel have their disadvantages, including: 
- relatively low conversion efficiency of solar energy (efficiency of the module with a flat panel 

is approximately 20%), 
- relatively high temperature coefficient (Loss of 0.5% of power with each 1°C increase in 

temperature). 
The high temperature coefficient of flat panels leads to the undesirable situation where at high 

operating temperatures the power of the panels is significantly reduced. This fact is important in 
countries with hot climates․ For example, in Armenia, during the summer months, the ambient 
temperature reaches 40°C, and in this case the temperature of the photovoltaic panel can reach 100°C. 
In this case, the efficiency of solar modules decreases from 20% to 14,5%. 
 

 
 

Pic. 3 Fresnel lens concentrator                             Pic. 4 Parabolic concentrator 
 

Due to the relatively low efficiency mentioned above, it is necessary to use relatively large areas 
to obtain high power. Thus, given that the standard solar power at the Earth's surface is 1000 Watt, it 
is clear that a flat solar panel with 20% efficiency per square meter will provide only 200 Watt, and 
for the construction of stations with a capacity of hundreds MW, will be required fairly large areas. 
There are some advantages and disadvantages solar concentrator systems have over flat PV systems 
for large installations. Lets shows some advantages of CPV (Pic. 6): 

- Superior efficiency (Concentrators are the only option to have system efficiencies over 20%. 
This reduces land utilization as well as area related costs), 

- Higher annual capacity factor (Tracking provides for improved energy output. Once the 
expense of tracking is incurred with flat-plates, the leap to installing concentrator modules is 
small), 

- low temperature coefficient, 
- High local manufacturing content (Aside from the cells, the remaining content of concentrator 

systems can be manufactured worldwide, and close to the final point-of-use), 
- Dual use of area without compromising the environment. 

 

However, CPV converters have their disadvantages, such as: 
- It can only function properly under direct beam radiation, 
- requires an accurate, reliable solar tracking system, 
- could be required individual cleaning system depending on the location, 
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- CPV cannot be installed on rooftops, easily, 
- new generation products (high risk), 
- Lack of technology standardization. 

 

 
                       Pic. 5 Flat PV power station                                            Pic. 6 CPV power stations 
 

To get a relatively complete picture of solar photovoltaic converters with flat panels and 
concentrators, consider their cost. The table 1 shows the values of electricity generated by flat panels 
and solar photovoltaic concentrators [4]. 

 

 Table 
 The cost of electricity generated by various types of solar photovoltaic converters 

 

Type of technology 
Cost of installed solar station ($/W) 

The cost of electricity produced 
($/kWh) 

2020 2030 2020 2030 
Flat PV converter.  
Monocrystalline removable 

3.1 2 0.081 0.05589 

Flat PV converter. 
Polycrystalline fixed 

2.5 1.2 0.091 0.062 

CPV 1.8 0.8 0.06108 0.047559 
 
According to the table, as of 2020, the cost of 1 W of CPV is relatively high. However, 

according to forecasts, in 2030 the cost of 1 W of CPV and the cost of electricity produced by them 
will be much more less than that of flat panel converters. 

 

Conclusion  
Comparing the characteristics of flat and concentrator photovoltaic converters, it can be 

concluded that at present the use of concentrator photovoltaic converters is inferior to flat. However, 
due to the above advantages and price forecasts of concentration photovoltaic converters in the near 
future (2025-2030), the use of concentration photovoltaic converters will be economically feasible. 
Taking into account the peculiarities of the use of flat and concentrator photovoltaic converters, such 
as the possibility of embedding into buildings, the presence of direct rays in a given geographic 
location, it can be concluded that these technologies will have separate segments of their application. 
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ԱՅԼԸՆՏՐԱՆՔԱՅԻՆ ԷՆԵՐԳԵՏԻԿԱ: ԱՐԵՎԱՅԻՆ ՀԱՐԹ ԵՎ ԿՈՆՑԵՆՏՐԱՏՈՐԱՅԻՆ 
ՖՈՏՈԷԼԵԿՏՐԱԿԱՆ ՊԱՆԵԼՆԵՐԻ ՀԱՄԵՄԱՏԱԿԱՆ ՎԵՐԼՈՒԾՈՒԹՅՈՒՆ 

  
Ռ.Հ. Ավոյան 
Հայաստանի ազգային պոլիտեխնիկական համալսարան 

 
Վերջին հարյուրամյակների ընթացքում էներգիայի ռեսուրսների օգտագործման 

սահմանափակումները` կապված ծախսերի և բնապահպանական խնդիրների հետ, դարձել են 
գիտնականների մտահոգություններից մեկը: Այս աշխատանքում դիտարկվում են արևային հարթ 
և կոնցենտրատորային տիպի ֆոտոէլեկտրական փոխակերպիչների կառուցվածքը և բնութագրիչ 
հատկությունները: Ներկայացված է այս երկու համակարգերի աշխատանքային սկզբունքը: 
Ներկայացված են համակարգերի առավելություններն ու թերությունները: Կատարվում է նշված 
երկու տիպի արևային էներգիայի փոխակերպիչների համեմատական վերլուծություն: 

 

Բանալի բառեր․ կոնցենտրատորային ֆոտոէլեկտրական փոխակերպիչ, հարթ 
ֆոտոէլեկտրական փոխակերպիչ, էներգիա, փոխակերպիչ, արդյունավետություն։ 
 
 

АЛЬТЕРНАТИВНАЯ ЭНЕРГЕТИКА: СРАВНИТЕЛЬНЫЙ АНАЛИЗ 
СОЛНЕЧНЫХ ПЛОСКИХ И КОНЦЕНТРАТОРНЫХ  

ФОТОЭЛЕТКРИЧЕСКИХ ПАНЕЛЕЙ 
 

Р.О. Авоян 
Национальный политехнический университет Армении 

 
На протяжении последних столетий ограничения использования энергетических ресурсов 

из-за стоимости и экологических проблем стали одной из проблем, вызывающих 
обеспокоенность ученых. В этой статье рассматриваются конструкция и характерные свойства 
солнечных плоских и концентраторных фотоэлектрических преобразователей. Представлен 
принцип работы этих двух систем․ Представлены преимущества и недостатки систем. 
Проводится сравнительный анализ двух указанных преобразователей солнечной энергии. 

 
Ключевые слова: Концентраторный фотоэлектрический преобразователей, плоский 

фотоэлектрический преобразователей, энергия, преобразователь, эффективность. 
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Abstract 
In this paper we suggest a model for solving the optimization problem which allows the use of a 

method of unconstrained minimization Nelder-Mead in complying with the restrictions in the form of 
equations and inequalities.  

The application of this model is illustrated by the optimal design of a cylindrical panels made of  
isotropic material. 

The optimal values of the geometrical parameters of the plate to ensure minimum deflection at 
constant weight equal to the weight of the plate thickness is constant. The results are also compared in 
order to additionally check their accuracy. The problem is also solved by the direct search method for 
comparing the latter with the previous. 
 

Key words: optimization, maximization, isotropic material, load, bending, panel, bending, 
iterative. 
 

Statement of problem optimization 
Many problems of optimal design of ribbed plates made of an isotropic material are reduced to a 

nonlinear programming problem under constraints in the form of equalities and inequalities. In 
general, this problem is formulated as follows:  

To find     
),,(maxmin vuf

vu
},...,,{ 21 nuuuu = , },...,,{ 21 nvvvv =  

with restrictions 
( ) 0, =vuH i , ,,...,2,1 mi =   

( ) 0, ≥vug j ,  rmmj ,...,2,1 ++= , 
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where  ),( vuf -  is the objective function; vu, - are the control vectors.  
The complexity of solving a problem increases geometrically as the number of variables or 

constraints increases. In the problem preparation phase, it is advisable to modify the model to reduce 
the number of constraints, especially nonlinear and variable ones. The size and number of constraints 
in the form of equations can significantly be reduced by explicitly or indirectly solving some of them 
and eliminating the variables with the resulting solutions. This leaves a number of constraints that 
cannot be directly addressed for one or more variables. In this case, two approaches are possible. 
These constraints are solved iteratively and incrementally with respect to the variables, or the 
remaining equations are clearly considered constraints in the form of equations. 

The solution to the proposed minimum problem is achieved by solving the problems of 
successive reduction and increase of constraints. 

The basic idea of the proposed models consists in the volume, which is the solution to the 
problem of common tasks by dividing the intermediate into two groups. The variables pxxx ,...,, 21  

join in one group, the values of which  is impossible to exclude from the corresponding constraints, 
and in the other – the variables 432121 ,,,,,...,, ccccyyy q , the  values of which are relatively easy to 

calculate. Both problems are solved separately, ensuring their connection by carrying out the 
corresponding coordinating calculations. 

The minimization problem is solved using the Nelder-Mead method [4]. Moreover, in the 
proposed method, when constructing a simplex, at each stage of minimization the vertex of the 
polyhedron is excluded where the constraints are violated.  

The block diagram of the program is given with the help of which numerical calculations are performed.  
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In the block diagram: 
1 - excretion of variable parameters, 
2 - formulation of restrictions, 
3 - selection of the Nelder-Mead method, where the objective function has a parametric form. 
According to the Nelder-Mead method, when searching for the minimum of the objective 
function ],...,,[ 21 pxxxf , where ]pEx∈  a polygon is constructed with p+1 vertex.  A new vertex 

is constructed using the stretching, compression and reduction procedures, and the value of the 
objective function is calculated at each vertex using the module (point 4): 
 

],,...,,[max 21 p
z

xxxf   где  },,,,,...,,{ 432121 ccccyyyz q= . 
 

The iterative incremental process ends when the vertices of the simplex and the values of the 
function calculated in them satisfy some convergence conditions when compared with the previous 
iteration, 
4 - objective function formulation in parametric form (Module ],...,,[ 21 pxxxf  ), where the 

maximization problem is solved. At each vertex of the simplex, two operations are carried out 
sequentially: the inclusion of vertices in the admissible region and the exclusion of vertices if any 
additional condition is violated where  10

21 10],...,,[ −−=pxxxf . 

As an application of the proposed model, the problem of optimal design of a shallow cylindrical 
shell of an open profile of piecewise constant thickness is solved under the action of internal pressure 
during bending. The mathematical model of the problem of determining the stress-strain state of the 
shell is described by differential equations with respect to potential functions for each of the 
constituent parts of the shell, conjugation conditions on the lines of their separation and boundary 
conditions on its contour. The determination of the optimal parameters of the panel is reduced to a 
nonlinear programming problem, which is solved by the deformable polyhedron method [4] in 
combination with the direct search method [4] and using the parallel computing package in the 
WolframMatematika package environment [4]. 

The issues of optimal design of plates and shells of piecewise constant thickness were studied in 
[1-3]. 

 

Formulation of the problem 
A shallow cylindrical shell with dimensions is considered in plan bL×2 ,  hanging support on 

the sides 0=y  and by =  and rigidly fixed at the edges ,Lx ±=  under the influence of the internal 
pressure ( ).yq  It is assumed that on the site axa ≤≤−  the staired shell has thickness of 2h , and on 
the sites axL −≤≤−  and Lxa ≤≤ - thickness 1h  (fig. 1). 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Design scheme of the shell 

L
 

L
 

a
 

a
 

y
 

x
 

z
 

R
 

b 



NATURAL SCIENCES 

42 

 
The task is to determine the optimal values of the parameters of a , 1h , 2h , providing the 

minimum value of the greatest deflection of the shell at constant weight,  equal to the weight of the 
shell of constant thickness 0h ,  and given overall dimensions bL2=ξ . 

 
Determination of the stress-strain state of the shell 
The problem of determining the stress-strain state of a shell of piecewise constant thickness is 

solved for each of its regions ( )2,1=p , corresponding to the thicknesses and, with the satisfaction of 
the conjugation conditions on the line of their division. In this case, in the form of symmetry, the right 
half of the shell is considered ( 0≥x ) . According to the theory of very shallow shells, the problem [1]  
is reduced to determining for each of the sections of the shell ( )2,1=p   potential functions ),( yxpΦ , 

satisfying the equations 
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Expressions of shell displacements in terms of a potential function pΦ ( )2,1=p  are presented in 

the form: 
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The internal forces of the shell are determined by the formulas: 
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The boundary conditions of the shell are written in the form: 
•  Hanging support on the sides 0=y  and by =  

 

0=pw , 0=pu , ( ) ,02 =pT  ( ) 02 =pM , ( )2,1=p ,                              (4) 
 

•  symmetry on the line 0=x  

,02 =u  ,02 =
∂
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x
w ( )

( )
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2
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+

y
HN                                (5) 

 

•  terminations on the side Lx =  
 

01 =u , 01 =v , 01 =w , 01 =
∂
∂

x
w ,                                            (6) 

• conjugation on the line аx =  
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Expanding the load function in a series: 
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solutions of equations (1) satisfying conditions (4) are represented in the form: 
 

( ) ysinysin
q

D
hE

m
m

pm
m

m
m

m
p

pp
p λΦλ

λ
Φ ∑∑

∞

=

∞

=

+=
11

8 , ( )2,1=p                              (8) 

where 
( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) xp
m

xp
m

xp
m

xp
m

xp
m

xp
m

xp
m

j

xp
m

xp
jmpm

mpmpmpmp

mpmpmpmpmpj

eCeCeCeC

eCeCeCeCeC

λαλαλαλα

λαλαλαλαλα

8765

4321

8765

432

8

1
1

++++

++++==Φ ∑
=  (9) 

 

The coefficients pjα  are the roots of the characteristic equation: 
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Substituting (8) into the equation (2), for function pw  we get the following expressions: 
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By substituting (9) and (14) into conditions (4) - (7), the values of the coefficients 
( )p
jmC  are 

determined after which all calculated values are determined by formulas (2) and (3). 
  

Optimization of the shell according to the criterion of rigidity 
Determination of the optimal parameters of the shell ,a ,1h   at which the greatest deflections of 

the structure, with a constant weight equal to the weight of the shell of constant thickness 0h , and 
given overall dimensions bL2=ξ , reach the smallest value, is reduced to the following nonlinear 
programming problem: 

Find: 
 

 ,maxmin ppx
w  { },,, 21 hhax =  ( ),2,1=p                                        (12) 

 

with restrictions: 
 

 ( ) ( ),2101 hhahhL −=−                                                     (13) 
 

 ,2.0≤bf   ,2.001.0 111 δδ ≤≤ h  .2.001.0 222 δδ ≤≤ h                                  (14) 
 

Here pw  - is the objective function, determined from (2), x - is the control vector. Constraint 

(13) follows from the condition of the constancy of the weight of the structure of piecewise constant 
thickness, equal to the weight of the shell of constant thickness 0h . Restrictions (14) are due to the 
limits of applicability of the theory of thin shallow shells. Here f - is  the lifting arrow of the shell, 

aL −=1δ  when baL ≤− , b=1δ  when baL ≥− , a22 =δ  when ba ≤2 , b=2δ  when ba ≥2 . 
Problem (16) - (18) is solved by the deformable polyhedron (DPM) method in combination with 

the direct search method [4]. 
Numerical calculations were performed for the case when a uniformly distributed load acts on 

the shell Constqyq == 0)(  when   ,02.0/00 == bhh  bL2=ξ . 

The optimal values of the parameters are calculated ,2Laa =  ,11 bhh =  bhh 22 = , providing 

the smallest value of the greatest deflection ,max 4
0

bq
D

ww
k

pp
p

= )2,1( =p  panels, where 

)1(12 2

3

0 ν−
=

hED , and the corresponding largest deflections in each of its sections. The results are 

shown in Table. In the same place, for comparison, the values of the reduced deflections 0w  are given  
for an equilibrium plate of constant thickness .0h   

Table 
Optimal parameters of a cylindrical panel 

 

0h  ξ  a  1h  2h  1
310 W⋅  2

210 W⋅  0
210 W⋅  

0.02 1. 0.01 0.01635 0.19885 0.04358 0.03108 0.1522 
0.02 2. 0.005 0.0182 0.1982 0.22244 0.06216 0.6475 

0.02 3. 0.005 0.01855 0.1635 0.50745 0.09910 1.0331 

0.02 5. 0.005 0.0192 0.09925 1.01120 0.28409 1.2953 

0.02 10. 0.005 0.01995 0.02495 1.31564 1.23127 1.3171 
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Conclusion 
As a result, compared to a   platform of constant thickness, the largest reduction in bending is 

about 3.5 times. 
Calculations were performed to find the optimal values of the parameters providing the smallest 

values of maximum bending. 
Also, as a result of solving the problem by different methods, the results are matched with 

hundredth accuracy. 
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ԻՏԵՐԱՏԻՎ ՔԱՅԼԱՅԻՆ ՆՎԱԶԱՐԿՄԱՆ ՄԵԹՈԴԻ ԿԻՐԱՌՈՒՄԸ ԳԼԱՆԱՁԵՎ ՀԱՐԹԱԿԻ 
ՕՊՏԻՄԱԼ ՆԱԽԱԳԾՄԱՆ ԽՆԴՐԻ ԼՈՒԾՄԱՆ ՀԱՄԱՐ,  

ՎԵՐՋԻՆԻՍ ՃԿՄԱՆ ՊԱՅՄԱՆՆԵՐՈՒՄ  
 

Ա.Գ. Պողոսյան, Դ.Ս. Բադասյան, Ա․Տ․ Սիմոնյան  

Հայաստանի ազգային պոլիտեխնիկական համալսարան 
 

Առաջարկվում է օպտիմալացման խնդրի լուծման այնպիսի մի մոդել, որը թույլ է տալիս 
հավասարության և անհավասարության տեսքով սահմանափակումների դեպքում կիրառել 
Ներլդեր-Միդի իտերատիվ քայլային նվազարկման մեթոդը: Այս մոդելի կիրառումը 
ներկայացվում է իզոտրոպ նյութից պատրաստված գլանաձև վահանակի, ճկման ընթացքում 
օպտիմալ նախագծման օրինակով: Որոշվում են, հարթակի երկրաչափական պարամետրերի 
օպտիմալ արժեքները, որոնց դեպքում առաջադրված են եզրաչափային չափերը և ապահովված 
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է նվազագույն ճկում։ Ինչպես նաև կատարվում է արդյունքների համեմատում, դրանց ճշտության 
լրացուցիչ ստուգման նպատակով, վերջիններիս համեմատման համար, խնդիրը լուծվում է նաև 
ուղիղ որոնման մեթոդով։  
 

Բանալի բառեր. նվազարկում, առավելարկում, իզոտրոպ նյութ, բեռ, հարթակ, ճկում, 
իտերացիա։ 
 

ПРИМЕНЕНИЕ МЕТОДА ИТЕРАТИВНОГО ПОШАГОВОГО УМЕНЬШЕНИЯ ДЛЯ 
РЕШЕНИЯ ЗАДАЧИ ОПТИМАЛЬНОГО ПРОЕКТИРОВАНИЯ ЦИЛИНДРИЧЕСКОЙ 

ПЛАТФОРМЫ ПРИ ЕЕ ИЗГИБЕ 
 

А.Г. Погосян, Д.С. Бадасян, А․Т․ Симонян  

Национальный политехнический университет Армении 
 

Предлагается модель решения задачи оптимизации, которая позволяет использовать 
метод итерационно инкрементной минимизации Нелдера-Мида в случае наличия ограничений 
как в виде равенств, так и неравенств. Применение данной модели иллюстрируется на примере 
оптимального проектирования цилиндрической панели изготовленной из изотропного 
материала, при изгибе. Определяются оптимальные значения геометрических параметров 
панели, обеспечивающие минимальное значение прогиба при постоянном весе, равном весу 
панели постоянной толщины, и ее заданных габаритных размерах. Результаты также 
сравниваются, с целью дальнейшей проверки их точности, для сравнения последних, проблема 
также решается методом прямого поиска. 
 

Ключевые слова: оптимизация, максимизация, изотоп материал, нагрузка, панель, изгиб, 
итерационный. 
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Abstract 
This article considers the problems of the efficiency of the work of water supply companies 

serving the urban settlements connected with the huge channel losses. An attempt was made to 
evaluate channel losses through their classification according to the type of occurrence in water supply 
system and peculiarities of their accounting features and existing problems and to present priority 
measures aimed at reducing water losses in the system and increasing their efficiency. 

 
Key words: water supply system, water loss, technical loss, commercial loss, technological loss. 
 
Introduction   
The issues of increasing the efficiency of water supply systems (both technical and economic) is 

of strategic importance to any service provider of water supply. One of the most common indicators of 
efficiency assessment is the level of unaccounted water or losses the current high level of which 
(average loss rate in Yerevan is 80-75%) is a serious problem for both service providers and 
individuals and user entities as those losses are partially compensated by inclusion in tariffs. The high 
level of water losses in the system also leads to an increase in direct operating costs, deterioration of 
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the financial and economic indicators of the organization, overload of powers and the occurance of 
artificial water shortages. 

 
Conflict setting  
Considering that the solution of the above-mentioned problem is essentially highlighted aimed 

at further development of the sector, raising tariffs and increasing the financial viability of the system 
organizations, the classification of losses and the development of a separate action plan for each group 
is significantly important.  

 
Research results  
Water losses in water supply system can be classified into three main groups:    

1. Technical losses (losses due to crashes and system exploitation), 
2. Commercial losses (with illegal joints, water losses conditioned by stealing and as a result of    

incorrect or dishonest activity by water supply company or due to not including physical and 
legal consumers in the base of organization of water user etc.), i.e. losses occurred among 
consumers or unaccounted consumption.  

3. Technological losses (dam washing, losses due to current technologies), i.e. losses happening 
during production and transportation [1].  

“Veolia Water” Company which serves Yerevan has recently started and still continues to carry 
out zoning works of water supply network of the city in order to reduce technical losses. It supposes 
that each zone must be effectively separated from the other zones, pressure regulating valves must be 
installed, channel losses must be identified and pipes must be replaced which are in the worst 
condition. As a result of these works it was possible not only to reduce channel losses but also to 
ensure constant daily water supply.  

Despite the above mentioned reforms, “Veolia Water” company is unable to solve one of its 
main problems - the high level of water losses much of which is the result of events classified as 
“commercial losses”.  

All these are conditioned by: 
 

 Low level of competency of the staff, 
 Lack of application of modern knowledge and methods, 
 Insufficient cooperation of technical and commercial services, 
 Weak flow of information inside the organization, 
 Absence of sufficient information for making effective decisions, 
 Low level of interest towards the final results of the activity, 
 Insufficiency of control system and responsibility of implementing governmental decrees, 
 Aimless use of investments etc.  

In this case the reorganization of the organizational and legal structure of any organization is 
considered to be the only effective method of solving the problem. It implies the transfer of the right 
to carry out a certain part of the company activities to another private company or companies. 

As a result of current zoning of the city water supply network it became possible to accurately 
record the amount of incoming and outcoming water to each zone, each such zone can be considered 
as a separate potential area the operation of which can be transferred to another private company by 
concluding a relevant contract with the CJSC “Veolia Water” which will provide the water supply for 
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the users, collection of fees and necessary construction works to ensure the continuous water supply of 
the given zone. 

In this case CJSC “Veolia Water” provides the necessary amount of water for the given zone, 
accounts the wholesale price, defines the norms which should be supported by the given private 
company and takes control over it [3].  

Private companies are obliged to comply with the established norms which will mainly be 
related to the water supply network of the population, the quality of the supplied water, the collection 
of payments and the deadlines for eliminating crashes etc. 

It is necessary to pay special attention to the issues of staff training and professionalism. Serious 
and effective incentives and sanctions need to be developed. One of the best ways to reduce business 
losses is to give your employees a sense of ownership over the company. 

As for technological losses, it is not correct to consider them as a complete loss as it includes the 
inevitable and useful costs of water which must be taken into account when assessing the efficiency of 
the system. These costs are the own needs for the operation of the system structures: urban economy, 
fountains and water consumption for firefighting needs, watering of landscaping areas etc. In this case 
the company should not physically include those costs into the section of losses but should develop 
appropriate standards through which it will be possible to accurately record the actually consumed 
amount of water and to receive a corresponding payment from the state or state agency. 

Currently water losses in Yerevan water supply system are considered to be evaluated as the 
difference between annually produced and consumed water amount in percentage in the following 
expression:      

                                                       (1) 
 

where  
- produced water amount (mln m3/year), 

- consumed water amount (mln m3/year). 
Expression (1) factually also assesses the efficiency of system work but this method of 

evaluation has certain shortcomings [2]. 
1. The expression (1) cannot accurately describe the dynamics of the change in channel losses 

from the system as it includes only the change in the amount of consumed water. The 
reduction is not taken into account in the formula as it leads to the simultaneous reduction of 
counter and denominator. As a result, the percentage  of reduction in losses can be very small 
which actually happens. 

2. It is not correct to consider the difference between the produced and consumed water amount 
as a complete loss. This includes the unavoidable and useful water costs mentioned above 
which should be taken into account when evaluating the efficiency of the system (as a result 
of studies these costs comprise 4,8% of the amount of produced water). 

The amount of water actually used for the normal operation of the system but not accounted by 
the operating organization is accepted as normative loss while it should be taken into account when 
determining the cost-effectiveness of the system in assessing the efficiency of the system with clear 
criteria and scientifically based calculation methodology. 

Water losses in the internal networks of apartment buildings also play a significant role in the 
structure of water losses in the water supply system. The deplorable state of the internal water supply 
and sewerage of apartment buildings (most of them are buildings built during the Soviet Union whose 
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internal water supply and sewerage has never been repaired) leads to many accidents especially during 
the winter. There are often misunderstandings between the population and water supply organizations 
regarding the non-detection of accidents in time and their elimination in terms of responsibility for the 
elimination of accidents. Although the service of apartment buildings is placed on the municipality, 
district offices and in some cases condominiums, we think that the water supply company should 
review its strategy of checking the amount of water entering the buildings. 

Absolute reliability of the data of water meters in apartments is perceived as an axiom. At the 
same time the water meter is designed as a device to measure the amount of consumed water during 
the reporting period (months) according to the passport costs of the device. This period is defined by 
the device passport and according to the relevant standard. Based on the requirements of the standard, 
manufacturers produce A, B and C class water meters for domestic use (Class C meters are more 
accurate but quite expensive and have practically no demand). The most common are devices with a 
diameter of 15 mm. For classes A and B the minimum passport consumption is 60 and 30 liters per 
hour (for class C it is 15 liters), therefore the water meters are not sensitive to flow at a minimum 
speed. As a result, when the flow rate is below the sensitivity limit, the meters do not record it at all. 
Reducing the sensitivity limit of water meter is not beneficial for producers as the latter increases 
production costs, increases sales prices and reduces sales amounts and profits. The consumer, in his 
turn, is interested in purchasing a water meter with a higher sensitivity limit at a cheaper price. It 
should be noted that only the amount of losses from the entrance of the building to the consumer 
section is estimated at about 55%, 15% of which comes from the internal network pipes of the 
building and 40% comes from the inaccuracy of the metering device [2]. The research conducted by 
the experts of Moscow State University of Construction showed the following: water consumption in 
each apartment during the day has discrete character in average which means “technological 
consumption” with open taps and  “outflow consumption" with closed taps. The duration of 
“technological consumption” is only 1-2% of the total time of the day (24 hours), during the rest of 
the day (98-99%) the water entering the apartment is consumed due to outflow. Even in the case of a 
small amount of long-term outflow, the total amount of water can underestimate 705 liters of water 
per day (30 liters - 24 hours x 0,98) at 98-99% of the time and at a water meter with a sensitivity limit 
of 30 liters [4].  

Summarizing the above mentioned, we can conclude that there is a huge amount of water 
consumption in the area outside the service limit of the water supply company which is attributed to 
“water loss” due to the lack of accounting. 

 
Conclusion  
The first step in controlling uncounted water losses should be to draw up a real balance of water 

production and consumption and assessment of the economic efficiency of the reduction work. 
The issues of the company needing urgent solutions are:   
- Clarifying of bordering point and regulation of issues of further operation of inner network of 

water supply and canalization, 
- Implementation of necessary legal amendements for clarifying responsibilities and rules of  

installation of water meters, their service, measuring and substituting and final decision of the  
problem, 

- Development of scientifically justified methodology of evaluation of uncounted water amount 
in water system,  

- Clarifying of further activities of checking water meters,   
- Regulating water supply procedure aimed at antifiring and fire ceasing activities, 
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- Regulating water utilization from fountains,  
- Monitring of water supply network, clarifying the customer base and strict control aimed at 

reducing commmercial loss in the system etc. 
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Տ.Ս. Մարտիրոսյան, Լ.Ս. Առստամյան, Ա.Գ. Շիլիյանց, Լ.Գ. Անտոնյան 
Շուշիի տեխնոլոգիական համալսարան 
 

Դիտարկվում է քաղաքային բնակավայրերը սպասարկող ջրամատակարար 
կազմակերպությունների աշխատանքի արդյունավետության հիմնախնդիրները կապված 
համակարգում առկա ահռելի մեծ չափսերի հասնող հոսակորուստների հետ։ 
Ջրամատակարարման համակարգում ըստ առաջացման տիպի ջրի կորուստների 
դասակարգման միջոցով փորձ է արվել գնահատել դրանց ձևավորման և հաշվառման 
առանձնահատկությունները, առկա խնդիրները և ներկայացնել առաջնային միջոցառումներ 
ուղղված համակարգում ջրակորուստների նվազմանը և արդյունավետության բարձրացմանը։      
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ПРОБЛЕМЫ ОЦЕНКИ УТЕЧЕК В СЕТИ ВОДОСНАБЖЕНИЯ 
 

Т.С. Мартиросян, Л.С. Арстамян, А.Г. Шилиянц, Л.Г. Антонян 
Шушинский технологический университет 

 
Рассматриваются проблемы оценки эффективности работы водоснабжающих 

организаций, обслуживающих городские населенные пункты, связанные с имеющимися в 
системе утечками, достигающими чудовищных размеров. 

В системе водоснабжения путем классификации потерь воды по типу происхождения 
была предпринята попытка оценить особенности их формирования и учета, имеющиеся 
проблемы и представить первоочередные меры, направленные на снижение потерь воды в 
системе и повышение эффективности. 

 
Ключевые слова: система водоснабжения, потери воды, технические потери, 

коммерческие потери, технологические потери. 
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Abstract 

The article presents an analysis of the most common monitoring systems for computer networks, 
as a result of which new criteria for the effectiveness of choosing tools for monitoring computer 
networks have been developed, as well as criteria for choosing an effective tool for monitoring 
computer networks. 
 

Key words:  computer networks, monitoring, diagnostics, analysis, network protocol, control, 
programming. 
 

Introduction  
Nowadays it is hard to conceptualize an organization operating without computer networks. 

Companies are constantly dependent on Information Technologies (IT), particularly those on 
computer networks. Currently, it is exceptionally urgent and concurrent to apply network performance 
monitoring and diagnostics. As a matter of fact, it will enable network operators to upgrade network 
flows. 
 

Literary review on the issue and analysis  
The issues of computer network monitoring have been addressed by Olifer V.G. [4], Wakke 

A.D. [2], Wilson Ed. [5], Lavrov A. [3], Tadosyan A. [1] and others [6], [7], [8]. Diverse approaches 
and methods are presented in their works; however, no comparative analysis is available on the 
specific criteria of choosing and outlining appropriate monitoring tools.  

 
Research objectives and novelty   
This paper is aimed at devising new criteria for the effectiveness of the selection of computer 

network monitoring tools and conducting comparative analysis according to the devised criteria. Also, 
efficient tools of the computer network monitoring are advocated based on the activity type. 

 
Content  
Computer network monitoring is the use of a system that constantly monitors a computer 

network and  quickly notifies in case of outages and other problems for further improvement.   
Computer network management has two stages: 
1. Monitoring: At this stage a simple operation is performed: the primary data on the 

operation of the networks is collected and statistics is made on the condition of all the 
personnel operating in the network, packages of different protocols, tablets, slots, switches 
and routers.  



INFORMATION AND COMMUNICATION TECHNOLOGIES 

54 

2. Analysis: At this stage an analysis is carried out which is a complex and intellectual 
operation. Thus, the information collected during the monitoring phase is interpreted, 
compared with previously obtained data, on the basis of which conclusions are made on the 
possible causes of network delays and operation processing failures. Monitoring tasks are 
determined by software and hardware, tests, network analyzers as well as by the 
management agent. The task of analysis requires an active participation of a human factor 
and the implementation of such complex tools as specialized systems and practical 
experience of network specialists. 

The divergent tools applied for the analysis and diagnostics of telecommunication networks can 
be divided into several major categories:   

Management system agents - They support one of the standard MIB functions and post 
information via SNMP or CMIP protocols. Receiving data from agents requires control systems that 
collect data automatically. 

Embedded systems - It is implemented in the form of hardware system with software and is 
designed to perform a diagnostic function. To illustrate, take an example of Ethernet multi-segment 
control module.  

Protocol analyzers - They are software or hardware systems that differ from the control system 
in their network flow monitoring and analysis of functions. 

For cable system diagnostics and certification, devices can be conventionally divided into 4 
major groups:  

• Network monitors 
• Materials for cable system certifications  
• Cable scanners  
• Testers   

Network analyzers are applied to measure different levels of cable. In addition to the physical 
level, these devices operate at the channel and sometimes network level. 

Cable system certification instruments carry out certification in accordance with the 
requirements of one of the international cable system standards. 

Cable scanners are used to diagnose the cable system. 
Moving on, now we represent the general characteristics of free and open-source computer 

monitoring software which are the basis for conducting a comparative analysis of their operation.  
 
Zabbix – Open-source monitoring software  
Zabbix is an open-source monitoring software tool (Fig. 1). Zabbix consists of Server, Proxy, 

Agent and Web Interface. Server, Proxy and Agent are written in C. Web Interface is written in PHP 
and JavaScript.  

Zabbix offers several monitoring options: 
Simple checks verify the availability of the host and responsiveness of standard services such as 

SMTP or HTTP without installing any software on the monitored host. 
A Zabbix agent is installed on UNIX and Windows hosts to monitor statistics such as CPU load, 

network utilization, disk space and other information monitoring.   
External check – monitoring is carried out via SNMP, TCP and ICMP checks.  
 

https://en.wikipedia.org/wiki/Software_agent
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Fig․ 1 ZABBIX monitoring software package  
 

The following features are characteristic to Zabbix:  
 High productivity and bandwidth, ability of 1000 and more hosts  
 Automatic detection of servers and network instruments through centralized monitoring of 

log files, as well as through IPMI, JMX, SSH, Telnet 
 Distributed monitoring with centralized web management 
 Secure user identification  
 Cook book  
 Ability to create a network map 
 Application of such database management systems as MySQL, PostgreSQL, SQLite and 

Oracle  for data collection  
 Zabbix server access on Linux, Solaris, HP-UX, AIX, FreeBSD, NetBSD, OpenBSD, Mac  
 OS/ X operating systems; 
 Zabbix Agent Access on Linux, Solaris, HP-UX, AIX, FreeBSD, OpenBSD, OS X, Tru64 

/ OSF1, Windows 2000, Windows Server 2003, Windows XP, Windows Vista, Windows 
Server 2008, Windows 7 operating systems 

 JMX and SNMP v1, 2, 3 support  
 Alerts / warnings via email, SMS and voice signals, 
 Graphic representation of statistics 

 

Nagios – Open-source monitoring program 
Nagios is a free and open-source computer-software application that monitors computer systems 

(Fig. 2). Initially, Nagios has been intended for only being used on Linux operating systems. Then, it 
has been implemented on dealing with other operating systems (Sun Solaris, FreeBSD, AIX, and HP-
UX) [9].  

 
Fig․ 2 Nagios monitoring sofware package 

https://en.wikipedia.org/wiki/Free_software
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Computer
https://en.wikipedia.org/wiki/Software_application
https://en.wikipedia.org/wiki/Event_monitoring
https://en.wikipedia.org/wiki/System_monitor
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The features of Nagios include:   
 Monitoring of network services  (SMTP, HTTP, NNTP, ICMP, SNMP) 
 Monitoring of host resources (processor load, disk usage, system log) in network 

operating systems  
 Remote monitoring supported through SSH or SSL encrypted tunnels. 
 A simple plugin design that allows users to easily develop their own service checks 

depending on needs (Fig. 3), by using their tools of choice (shell 
scripts, C++, Perl, Ruby, Python, PHP, C#, etc.) 

 Parallelized service checks 

 
Fig․ 3 Nagios operation  

 The ability to define network host using 'parent' hosts, allowing the detection of and 
distinction between hosts that are down or unreachable 

 Contact notifications when service or host problems occur and get resolved (via e-
mail, pager, SMS or any user-defined method through plugin system) 

 Ability to define event handlers to be run during service or host events for proactive 
problem resolution 

 Various software add-ons that provide a general overview of all hosts through which 
monitoring is performed. 

 
Cacti - Open-source network monitoring program [11]  
Cacti is an open-source and web-based network monitoring designed as a front-end application 

for the open-source, using RRDtool for data collection and graphing (Fig. 4). The program is written 
in PHP and the data is stored in a MySQL database. 

The features of Cacti include:  
 unlimited graph items 
 built-in SNMP support 
 templates of graphs, hosts and data sources   
 data gathering on a non-standard timespan 
 tree, list and preview views of graph data 
 working with multiple users of their own graphs  
 using additional scripts to monitor any type of data. 
 

http://ru.wikipedia.org/wiki/SMTP
http://ru.wikipedia.org/wiki/HTTP
http://ru.wikipedia.org/wiki/NNTP
http://ru.wikipedia.org/wiki/ICMP
http://ru.wikipedia.org/wiki/SNMP
https://en.wikipedia.org/wiki/Secure_shell
https://en.wikipedia.org/wiki/Secure_Sockets_Layer
https://en.wikipedia.org/wiki/Encryption
https://en.wikipedia.org/wiki/Shell_scripts
https://en.wikipedia.org/wiki/Shell_scripts
https://en.wikipedia.org/wiki/C%2B%2B
https://en.wikipedia.org/wiki/Perl
https://en.wikipedia.org/wiki/Ruby_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/PHP
https://en.wikipedia.org/wiki/C_Sharp_(programming_language)
https://en.wikipedia.org/wiki/E-mail
https://en.wikipedia.org/wiki/E-mail
https://en.wikipedia.org/wiki/Pager
https://en.wikipedia.org/wiki/Short_message_service
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Network_monitoring
https://en.wikipedia.org/wiki/Front_and_back_ends
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Fig․ 4 Cacti network graffic monitoring software package 
 

Research results 
Considering the mentioned systems and their features, we represent comparative analysis in this 

section based on our own criteria (Table 1). Comparative analysis reveals the most effective tool for 
monitoring computer networks which is applicable by myriad organizations. 
 

Table 1  
Comparison of monitoring software packages 

 

Criteria 
Network monitoring software 

ZABBIX NAGIOS CACTI 
Charts + + + 
SLA report + Via Plugin + 
Logical grouping + + - 
Trending + + + 
Trend Prediction + - - 
Automatic detection + Via Plugin - 
Agent + + + 
SNMP + Via Plugin + 
Syslog + Via Plugin - 
External scripts + + - 
Plugins + + + 
Difficulty of creating plugin Easy Easy Easy 
Triggers + + - 
Web access Full access Viewing, reporting, managing + 
Distributed monitoring + + - 

Data storage method 
SQLite, MySQL, 

PostgreSQL, Oracle 
Non-dynamic, non-expandable 

database, SQL 
MySQL 

License GNU GPL GNU GPL BSD 
Cards + Dynamic and constructive - 

Language C, PHP C 

C, Perl, PHP, 
Python 

 
Conclusion  
Sample and comparative analysis of computer network monitoring software packages has been 

revealed in this research that ZABBIX is more efficient than NAGIOS and CACTI systems. It is 
worth mentioning that ZABBIX provides support in different operating systems, has a perceptible, 

http://ru.wikipedia.org/wiki/Syslog
http://ru.wikipedia.org/wiki/SQLite
http://ru.wikipedia.org/wiki/MySQL
http://ru.wikipedia.org/wiki/Oracle
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
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easy and friendly interface, graphical capability of monitoring data with different parameters, 
combination of languages and so forth.  

From now on, the presented comprehensive research enables users to make more conscious and 
efficient choices according to their own requirements.  
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ՀԱՄԱԿԱՐԳՉԱՅԻՆ ՑԱՆՑԵՐԻ  ՄՇՏԱԴԻՏԱՐԿՄԱՆ ՀԱՄԱԿԱՐԳԵՐԻ  
ՀԱՄԵՄԱՏԱԿԱՆ ՎԵՐԼՈՒԾՈՒԹՅՈՒՆԸ 

 
Հ․Ս․ Աբգարյան  
Հայաստանի ազգային պոլիտեխնիկական համալսարան 
 

Հոդվածում ներկայացված են համակարգչային ցանցերի մշտադիտարկման առավել 
տարածված համակարգերի վերլուծությունը, որի արդյունքում մշակվել են նաև համակարգչային 
ցանցերի մշտադիտարկման գործիքակազմի ընտրության արդյունավետության նորովի 
չափանիշներ և առաջարկներ համակարգչային ցանցերի մշտադիտարկման արդյունավետ 
գործիքակազմ ընտրելու համար։ 

 
Բանալի բառեր. համակարգչային ցանցեր, մշտադիտարկում, արատորոշում, 

վերլուծություն, ցանցային արձանագրություն, կառավարում, ծրագրավորում: 
 
 

СРАВНИТЕЛЬНЫЙ АНАЛИЗ СИСТЕМ МОНИТОРИНГА  
КОМПЬЮТЕРНЫХ СЕТЕЙ 

 
О.С. Абгарян 
Национальный политехнический университет Армении 

 
В статье представлен анализ наиболее распространенных систем мониторинга 

компьютерных сетей, в результате которого были разработаны новые критерии эффективности 
выбора инструментов мониторинга компьютерных сетей, а также предложена критерии по 
выбору эффективного инструмента мониторинга компьютерных сетей. 

 
Ключевые слова: компьютерные сети, мониторинг, диагностика, анализ, сетевой 

протокол, управление, программирование. 
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Abstract 
The article describes a method of generating song lyrics in a backwards fashion. We present our 

own Rhyme Finder, a Python library which generates rhymes for the given word or phrase based on a 
large and robust input data and ranks the potential rhymes based on the built-in rhyme quality checker. 
After finding the appropriate rhymes, it uses LSTMs to generate the lyrics backwards thus showing 
some promising results by being trained only on a small sample of data with limited resources.  
 

Key words: LSTM, Recurrent Neural Networks, deep learning, song lyrics, rhyme generation.  
 

Introduction 
Recurrent neural networks are very powerful tools for dealing with sequential data such as text, 

time series etc. Researchers noticed how an RNN of a fairly simple architecture can be used to 
generate text using the style of the author on the texts’ of which it was trained. A simple LSTM 
network was able to generate structurally very similar text after being trained on Shakespeare’s works 
[1]. This presents a great potential for RNNs and deep learning models in general as it is interesting to 
see how far this can be taken, in terms of “imitating art”, as it’s one of the hottest topics of debate 
when it comes to AI. And while song lyrics could also be considered a piece of text, they have some 
big technical differences from prose. In songs, all lines should have about the same number of 
syllables, while the last couple of syllables must rhyme with each other. Furthermore, it should be 
original, in a sense that it shouldn’t just repeat whatever’s in the dataset but create new/never seen 
before content. This presents some constraints to the typical text generation problem. In this work we 
describe how we overcome that problem and generate rhyming song lyrics. 
 

Problem Statement and Related Work 
Inspired by Karpathy’s results [1], many researchers took on the task of using deep learning 

techniques to generate song lyrics/poetry. Most of the work on this subject, however, is not very 
formal and one can find a lot of examples like this scattered all over the GitHub and Medium. As a 
result, there’s no formal evaluation of the models, just some examples of the predictions. Furthermore, 
even when the approaches are well documented, they are very different from each other which 
presents an issue in itself - comparability. The quality of one model’s generated lyrics is difficult to 
compare to another one. That’s why most of these models in the end are evaluated by humans, by 
rating them on a 1-5 scale in several categories (e.g. meaning, coherence etc.).  

One approach to the problem is Dope Learning [3], which is a model that generates hip-hop 
lyrics. Their approach is to use entire lines as an input to the model and the output is another line. 
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While this approach performs good in terms of coherence and meaning, it lacks creativity. Nothing 
new is generated as a result of this, it’s just a well rhyming collection of lines. 

Another approach is the “content controlled” lyrics generation [2] which strips down the lines of 
the original songs to the most “key” phrases and then uses those to generate a full line. This approach 
provides more originality while losing some of the coherence and lyrical depth presented by the 
previous work. 

In Neural Poetry [4], the authors generate poems by using a syllable level data which increases 
the originality even more but again loses more coherence as a tradeoff. 

In all of these approaches, the authors end up with rhyming text generators, the comparison of 
which, as mentioned, is non-trivial. Hence, using human evaluation is not very accessible to most 
researchers while being effective. 
 

Background 
We leverage Recurrent Neural Networks (RNNs) in our approach, especially GRU and LSTM.  

RNNs are designed for processing sequential data. Unlike feedforward neural networks, RNNs can 
use their internal memory to process any sequence of characters. They have a non-linear mapping 
from a current input  and previous hidden state  to current hidden state  and the output . 
And hidden state has a predefined size and stores features which are updated on each step and affect 
the final result of mapping. 

 
Fig. 1 Unrolled Recurrent Neural Network 

 
More rigorously, the current state formula is: 
 

                                                              (1) 
 

and with the activation function it looks like: 
 

                                               (2) 
 
where  is the weight at the previous hidden state and  is the weight at the current hidden state 
and  is the current input. 

To be more effective, the network has to keep a “history” of the past inputs, instead of looking 
only at the previous layer. This is where LSTM comes in. 

Long Term Short Memory (LSTM) networks are a variation of the traditional RNNs, which 
includes an input gate, forget gate and an output gate. 
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Fig. 2 Structure of an LSTM 

 
The function of the input gate is to decide which values should modify the memory, leveraging 

the sigmoid function and assigns importance to each value using tanh.  
  

                                                      (3)  
 

                                                  (4) 
 
Forget gate makes the decision on which block to ignore from the memory. 
 

                                                       (5) 
 

And finally, the output gate combines the results of the previous gates to decide on the output 
and updates the hidden state. 

 
                                                     (6) 

 
                                                            (7) 

 
In language modeling, LSTM is usually followed by a linear layer, which gives the probability 

of the next word from the set of all the words. This is essentially a multiclass classification problem, 
so the appropriate loss function here is the cross entropy. 
 

                                            (8) 
 

These layers are preceded by an embedding layer in our architecture which is used to represent 
the label encoded words by dense vectors.  

So, our final architecture is: 
1. Embedding Layer 
2. LSTM Layer(s) 
3. Linear Layer 

 
Method 
The data is scraped from the most reputable lyrics source - the website genius.com [9]. The 

scraping is done through their API, which, given a list of artists, scrapes all the songs’ lyrics for which 
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the artist has the primary credits. The size of the dataset is about ~2.1 million characters/74K words, 
with lyrics from around ~20 artists (mostly hip-hop for now). Note that for this type of problems this 
is a relatively small dataset.  

For rhyming we wrote our own module - RhymeFinder. We assume that in the dataset on which 
the model is being trained, we already have a lot of information about the rhymes. So, to find rhymes 
for a word or a phrase, we search for them in the dataset itself. RhymeFinder finds all the lines that 
end with the given phrase and analyzes all the lines that are either before or after the selected lines. It 
generates a candidate rhyme from it. RhymeFinder tries to match the number of syllables in the 
queried text with the candidate rhymes by leveraging The CMU Pronouncing dictionary [6]. 
Furthermore, it evaluates the rhymes based on syllable similarity using Levenshtein distance [7] and 
thus returns a ranked dictionary of candidate rhymes. From there we can control the quality of rhymes 
by fixing a minimum threshold for acceptable rhyme similarity. 

We feed the data into the network in a reversed fashion. For example, the lines 
 

Talk about some things we can't undo 
You just send the pin, I can find you 

becomes 
you find can I pin the send just you 

undo can’t we things some about talk 
 
The generation process is as follows: 

1. Pick the last word/phrase of the last line - “find you” 
2. Reverse it - “you find” 
3. Generate the line - “you find can I pin the send just you” 
4. From the original selected phrase (find you), generate set of possible rhymes 
5. Pick the desired rhyme - undo 
6. (Optional for single tokens) Reverse it - undo 
7. Generate the second line - undo can’t we things some about talk 
8. Now after reversing the entire thing, we get the natural order. 

This method allows us to generate the rhymes backwards, by using our desired rhymes, and the 
reverse order of lines provides us contextual coherence. 
 

Experiment Results and Benchmarks 
The first iteration of the model was a character level LSTM, which ended up generating a lot of 

nonsense words. While it also provided a lot more originality, the amount of random text tokens were 
ruining the aesthetics of the final result. We decided to move forward from there with word level 
models as it will eliminate the issue of nonsense words. 

At first, we tried to use random samples during each epoch and train on that. This approach 
didn’t take us far, as the loss hardly changed over ~50 epochs. Dealing with limited GPU resources 
(NVIDIA Quadro P2000), we decided to train on the entire dataset for each epoch. This approach was 
significantly better, but it took a really long time to train so much that we decided not to move forward 
with it as it would take weeks to finish. We found a compromise which was simply not utilizing most 
of the dataset and just train it on a smaller sample. This method was a good tradeoff between training 
time and results. 

We observed the following perplexity scores and losses for the models after 50 epochs: 
 
 

https://genius.com/Young-thug-the-london-lyrics#note-17238408
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Table 1 
Comparison of our approaches 

 

- Random Sampling Down sampling Entire Dataset 
Cross-Entropy Loss 4.8 3.1 - 
Perplexity 121.5 24.1 - 

 

Comparing it with other solutions such as Creative GANs [5] which were trained on 
significantly larger datasets and with more advanced methods, we observe results: 
 

Table 2 
Our model vs Creative GAN 

 

- Creative GAN Our Model 
Perplexity 17.11 24.1 

 

With our available resources, the results are very promising.  
One result of our generated verse is: 

bout to f--k that b---h yes  
she got y'all know this gangster chest no lisp  

tried to pull up for the 40000 dollar dress  
find a stack it up to your so fresh 

 
More could be found and generated in our GitHub repo [10]. 
 

Conclusion 
In this work we presented an approach of generating song lyrics using LSTMs. We developed 

our own rhyming module with the help of which we ensured that the generated lines rhyme (to some 
extent). Using very limited resources, our method was able to generate lyrics that are comparable with 
significantly complex models. Many aspects of the work can be improved starting from increasing the 
RhymeFinder efficiency (to make it avoid circular rhymes) to adding more training data and training 
with stronger machines to achieve more diverse results. 
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RHYME FINDER: ԵՐԳԻ ԲԱՌԵՐԻ ՍՏԵՂԾՈՒՄ՝  
ՕԳՏԱԳՈԾԵԼՈՎ ՀԵՏԱԴԱՐՁ ՀԱՆԳԱՎՈՐՈՒՄՆԵՐ 

 
Ա․Գ․ Զաքարյան 

ՀՀ ԳԱԱ Ինֆորմատիկայի և ավտոմատացման պրոբլեմների ինստիտուտ 
 

 
Այս աշխատանքում մենք նկարագրում ենք հետադարձ եղանակով երգի բառեր  ստեղծելու 

մեթոդ: Մենք ներկայացնում ենք մեր սեփական RhymeFinder-ը` Python գրադարան, որը 
ստեղծում է հանգավորումներ տրված բառի կամ արտահայտության համար` հիմնված ընդարձակ 
և վստահելի մուտքային տվյալների վրա, և դասակարգում է պոտենցիալ հանգավորումները` 
հիմնվելով ներդրված հանգի որակի ստուգիչի վրա: Համապատասխան հանգավորումներ 
գտնելուց հետո այն օգտագործում է LSTM-ներ՝ հետադարձ կերպով երգի բառեր ստեղծելու 
համար` այդպիսով ցույց տալով որոշ խոստումնալից արդյունքներ՝ դուրս բերվելով միայն 
սահմանափակ ռեսուրսներով տվյալների փոքր նմուշից:  
 

Բանալի բառեր․  LSTM, ռեկուրենտ նեյրոնային ցանցեր, խոր ուսուցում, երգի բառեր, 
հանգավորումների ստեղծում: 
 

RHYME FINDER: СОЗДАНИЕ ТЕКСТОВ ПЕСЕН С  
ИСПОЛЬЗОВАНИЕМ МЕТОДА ОБРАТНЫХ РИФМ 

 
А.Г. Закарян 

Институт проблем информатики и автоматизации НАН РА 
 

 
В этой работе мы описываем метод создания текстов песен в обратном порядке. Мы 

представляем вам разработанную нами программу RhymeFinder, которая генерирует рифмы 
для данного слова или фразы на основе больших и надежных входных данных и ранжирует 
потенциальные рифмы на основе встроенного средства проверки качества рифм. После 
нахождения подходящих рифм он использует LSTM для создания текстов в обратном порядке, 
показывая тем самым некоторые многообещающие результаты, обучаясь только на небольшой 
выборке данных с ограниченными ресурсами. 

 
Ключевые слова: LSTM, рекуррентные нейронные сети, глубокое обучение, тексты 

песен, генерация рифм. 
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Abstract 
Fresh water is one of the most important natural resources on the Earth which is necessary for 

humans to carry out economic activities and, unlike many other resources, has no alternative. This 
circumstance makes fresh water, perhaps, the most important irreplaceable natural resource that 
determines the way of life of mankind both in the present and in the future. Due to the pollution of the 
waters of the World Ocean as well as the global warming on the one hand and the growth of 
population on the world and the increase in the scale of the world economy on the other hand, the 
demand for fresh water has increased both in certain regions and in specific countries. 

At the same time in individual economic unions and group of countries differing situations have 
currently arisen with respect to water productivity and water supply for rural and urban populations. 

Comparison of the World Bank indicators of freshwater for Mediterranean economic unions and 
groupings shows shortcomings the elimination of which in the near future should become the subject 
of enhancing management over water resources implemented by the governments of these countries.  
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The authors of the article studied the indicators of the countries of the European Union for this 
purpose that are landlocked and the countries of the former USSR which differ by scope of the total 
flows of fresh water. 

 
Key words: fresh water, total flow of fresh water, water productivity, water supply for rural and 

urban populations, improvement of water resources management. 
 
Introduction 
Water is one of the most important natural resources on the Earth. The role and significance of 

water are conditioned by a number of circumstances, the most important of which are the following: 
 Unlike many non-renewable resources (such as oil, gas, coal, slate, etc., which are mainly 

mineral fuel and energy resources), water is a renewable resource linked with a constant 
repeating hydrological cycle in nature. And if resources that do not recover over time are 
depleted, then water resources are not in such danger. 

 Water resources are renewable, but this does not mean that their supplies and amounts are 
always stable in constant quantities. They are linked with processes in nature (in particular, 
climate warming which reduces or changes frequency and volume of precipitation) that affect 
the waters of the global ocean and the quality of the universal water circulation. 

 Although the Earth is more like a water sphere than soil sphere, still only a small part of water 
resources which is fresh water, can be used to meet human needs (both economic and domestic). 
This fact especially emphasizes the importance of fresh water as population increases and the 
demand for fresh water also increases with the expansion of both the global and national 
economies. This means that the water resources of the planet Earth are not unlimited, they have 
their limits. Therefore, it is not accidentally that, according to some experts, the demand and 
supply of water in the world were equal in 2000. Now the demand for water exceeds its supply 
which increases the value of this resource. Note that in a market economy and in such an 
environment the cost of a resource is determined by its demand; the greater the demand, the 
higher the cost of both resource consumption and exchange (the cost at which the corresponding 
resource is acquired). 
 
Problem statement and methodology 
The authors aim to study fresh water resources, external flows, water productivity, as well as the 

state of water supply to the rural and urban population, especially in different unions of countries and 
in individual groups. The study was based on data and definitions published by the World Bank on 
freshwater and international and official publications in this area served as a methodological approach 
using comparative methods of averaging and grouping indicators of various groups and statistical 
series. 

 
Study outcomes 
If artificial surrogates are created (such as, for example, artificial rubber instead of natural 

rubber, etc.), in the case of using many natural resources, then artificial water has not been created yet. 
Thus, water as a consumption value has no alternative which makes this resource a unique, 
exceptional consumption value. It is noteworthy that the possibilities for water utilization are 
diminishing to a greater extent not because of the global economy and population growth, but because 
of the pollution of water resources and, as a result, deregulation of the economy. As a result, the 
ecological problem of water conservation and rational use is aggravated. It should be noted that in 
modern economics and in practice, not only the concept of economic capital is used, but the existence 
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of three closely related, interdependent types of capital - economic, socio-political and environmental 
- is also used for the well-being of human society [1, p. 24]. 

This circumstance, in particular, underlines the importance of water as a special commodity for 
all mankind in the sense that every citizen has an undistorted right to receive his own amount of 
drinking water. For this reason, two of the 17 Sustainable Development Goals [2] adopted by 193 
member states at the UN Development Summit on September 25-27, 2015 (Clean water and 
sanitation, Life below water) are directly related to utilization and protection of water resources and 
the achievement of sustainable development goals, such as “no poverty”, “zero hunger”, “climate 
action” and other goals, is impossible without the conservation and utilization of water resources and 
for present and future generations, the creation of sufficient fresh water resources. In some regions of 
the world, due to the disproportionate socio-economic development of countries, there is a very 
disproportionate distribution of fresh water use both between individual regions and between states. 
This fact aggravates the contradictions between individual regions and states, especially in the use of 
transboundary water resources. This exacerbates the struggle for every cube meter of water. Already 
now (this problem will be more noteworthy in the near future), water has become a potential 
geopolitical factor that determines the opportunities for development of individual regions and 
countries. Certainly, we can also say that in the near future, the trade size of drinking water will 
increase significantly. It is a fact that meeting the drinking water needs of the population in some 
countries is very problematic; these countries are looking for various ways to solve the problem of 
drinking water supply, for example, from attempts to make the water of world oceans suitable for 
drinking to attempts to obtain drinking water as a result of wastewater treatment. It is sufficient to say 
that currently there are 16,000 desalination facilities in 177 countries around the world, thanks to 
which the waters of the World Ocean become suitable for drinking and economic activity. It is 
expected that the demand for the clean water obtained through desalination will rise to meet the needs 
of the population in those countries where sharp deficit of drinking water is observed. Governments of 
many countries consider the desalination a possible way to obtain drinking water. For instance, the 
governments of India and Israel signed a memorandum of cooperation to develop the desalination 
technologies in India. It is foreseen that this initiative to develop the technology will have a positive 
impact on the rise of  drinking water market during the stated period of time [3]. 

Especially during the last 20-30 years, the largest volume of world trade in terms of value was 
observed in the export and import market for drinking water. It is sufficient to say that the volume of 
trade in drinking water exceeds the average volume of trade in other goods by 3-4 times. Moreover, 
the number of both exporting and importing countries engaged in the trade of drinking water is 
sharply increasing thus expanding their geography.  

On the other hand, countries rich in drinking water resources can take advantage of the situation 
in the global market by making it an object of foreign trade, thereby increasing the range of export-
oriented products. 

From the perspective of expanding the possibilities of exporting drinking water from Armenia, 
one can imagine the events taking place in the world market and discuss the dynamics of consumption 
of bottled water in accordance with them. Along with the growth of urbanization and environmental 
pollution, today the problem of drinking water is becoming more acute all over the world as a result of 
which bottled water is becoming a popular commodity and its production - a profitable and promising 
business. Recently, competition in this part of the market is intensifying, new players are appearing 
which leads to an increase in the level of market saturation. However, the issue of exporting bottled 
water to the world market remains unresolved which is especially important in a rapidly changing 
situation on this market [4]. 
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The growing interest in bottled water in the world is evidenced by the volume of consumption of 
bottled water compared to other beverages. In particular, according to statistics, in the largest market 
for bottled water in the United States over the past decade, the consumption of this product was in the 
second place among drinks, whereas only 10 years ago it was the 5th. Over the years, bottled water 
has surpassed beer, coffee and milk and is interior only to soft drinks. Thus, in 2000, the United States 
consumed 57 billion liters of soft drinks or 28% of all drinks, and this is when the consumption of 
bottled water is 9% or 18 billion liters. In 2008, the consumption of soft drinks dropped to 53 billion 
liters, while the consumption of bottled water, on the contrary, reached 33 billion liters (or about 15% 
of the total consumption of drinks) [4]. 

The world market for bottled water in 2020 is estimated at 217.66 billion US dollars, the 
average annual growth rate is projected in 2021-2028 to be 11․1% over the period. One of the 
guarantees of the rapid development of this market is the simplicity of supply, delivery to the 
consumer, minimal costs as well as simple ways of organizing. 

By 2020 the global bottled water market consists of the following sectors in terms of products: 
35% - desalinated (purified) water, 25% - mineral water, 15% - spring water, 12% - soda water, the 
rest - distilled water and water obtained by others ways. [3] 

The countries of the Asia-Pacific region accounted for the largest share of the demand for 
drinking water in 2020 (over 42% of the market); these trends are projected to continue until 2028. 
This size of the regional market is mainly determined by the growing preference for bottled water by 
the population due to health problems and diseases caused by the consumption of contaminated water. 

The leading manufacturers of bottled water on the world market, represented in different 
countries, are: Nestle, PepsiCo, Coca-Cola, Danone, Primo Water Corporation, FIJI Water Company 
etc. [3]. 

From the above mentioned point of view, the analysis of a number of indicators calculated by 
the World Bank, such as analysis of fresh water resources, utilization directions, water flows, water 
productivity (water use efficiency) and other indicators is of significant theoretical and practical 
interest. 

Table 1 shows the main indicators of the utilization of fresh water and its resources in the largest 
regions of the world, as well as by groups of individual countries, distributed by income. 

According to Table 1, the countries of Latin America and the Caribbean account for 32 ± 2% of 
the total freshwater runoff, East Asia - the Pacific Ocean - 23.5%, and Europe - Central Asia - 16 ± 
5%. It can be seen from the data in the table that the smallest flows of fresh water are in the Middle 
East and North Africa (only 0–5% of flows). This circumstance is especially important in the sense 
that the countries of the Middle East and North Africa are the least rich in water; the markets of these 
countries are most likely to export water from the Republic of Armenia. Notably, about half of the 
freshwater flows are in the upper middle income group and about ¼ in the high income countries. The 
Water Productivity Index (GDP per cubic meter of water produced, calculated in US dollars in 2010) 
is highest in high-income countries with the rate of 57 while in low- and middle-income countries the 
index is 4 which means that it is 14.2 times less than that of high-income countries. 

The lowest level of access to basic drinking water services for rural populations was recorded in 
low-income countries (43.8% of the rural population) and in sub-Saharan Africa (45.7%). It is the 
lowest for the same groups (less than 90%) as well as the provision of drinking water for the urban 
population, respectively - 81.9% and 84.1%.  
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Table 1 
Indicators of fresh water extraction and use by regions of the world and countries grouped by income 

level [5] 
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2014 2014 2014 2015 2014 2015 2015 2018 2018 

1 2 3 4 5 6 7 8 9 10 
World 42,810.00 .. .. 65 95 14 21 96.4 81.1 
East Asia and Pacific 
region 

10,106.10 .. .. 64 22 14 18 97.5 85.9 

1 2 3 4 5 6 7 8 9 10 
Europe and Central Asia 7,070.90 .. 4.9 41 96 13 48 98.9 96.6 
Latin America and 
Caribbean 

13,867.70 .. .. 76 0 15 18 99.2 87.3 

Middle East and North 
Africa 

231.3 .. .. 52 3 44 13 97 87.3 

North America 5,668.00 .. .. .. .. .. 40 99.8 97.2 

South Asia 1,982.20 .. 44.8 .. .. .. 3 95.9 90.5 

South Africa 3,883.80 .. .. 73 2 25 14 84.1 45.7 
Low-income countries 2,948.90 .. .. 73 2 25 4 81.9 43.8 
Middle-income 
countries 

8,675.90 .. .. .. .. .. 4 94 84.7 

Middle-income 
countries 

20,737.70 .. .. 66 0 13 15 98.1 87.2 

High-income countries 10,447.40 .. .. 60 96 23 57 99.8 98.8 

The source was compiled by the authors based on data from The World Bank. World Development 
Indicators,19.07.2021. The electronic resource is available at http://wdi.worldbank.org/table/3.5. 
 

We have classified all countries in the world by the size of their total freshwater flows in Table 
2 (in billions of cubic meters). At the top of the list there are 10 countries with the highest freshwater 
flows, with Brazil, Russia and Canada in the third place and the countries with the lowest total 
freshwater flows at the bottom of the list: Maldives, Bahrain, Kuwait and Saint Kitts and Nevis. 
Interestingly, the flow rate of fresh water in the Maldives is zero, but in this country the water 
productivity is the highest among the countries in the table - 828 US dollars and the lowest in 
Myanmar - 2 US dollars which is in the 10th place in the “top ten” countries. Significant differences in 
water productivity are observed in the first three countries with the largest freshwater flows․ In Brazil 
it is 35 US dollars, in the Russian Federation - 26 and in Canada - 52 US dollars. According to the 
data, among the top ten countries with the largest freshwater flows, the rural water supply is the 
lowest in Indonesia - 82% of the rural population and the highest - in Canada – 98.9%. In terms of the 
total freshwater flow shown in the table, the worst rates for urban and rural drinking water supply are 
absent in most countries, while Malta has 100% and Maldives 98.3% and 99.9%. 



ECONOMICS 

71 

Table 2 
Classification of the best and worst countries in terms of total freshwater  

flows (billion cubic meters) [5] 
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2014 2014 2014 2015 2014 2015 2015 2018 2018 

Brazil 5,661.0 74.8 1.3 60 17 23 35 99.5 89.7 
Russian Federation 4,312.0 61 1.4 .. .. .. 26 98.6 92.6 
Canada 2,850.0 38.8 1.4 12 80 14 52 99.6 98.9 
USA 2,818.0 418.7 14.9 36 51 13 39 99.8 97 
China 2,813.0 594.2 21.3 64 22 13 17 97.7 86.2 
Colombia 2,145.0 11.8 0.5 54 19 27 27 99.9 86.4 
Indonesia: 2,019.0 .. .. .. .. .. 5 95.5 82 
Peru: 1,641.0 13.6 0.8 89 2 9 12 95.6 75.6 
India 1,446.0 647.5 44.8 90 2 7 4 96 91 
Myanmar 1,003.0 .. .. .. .. .. 2 93 76.9 
Dominica 0.2 0 10 5 0 95 23 .. .. 
Grenada 0.2 0 7.1 15 0 85 60 .. .. 
United Arab 
Emirates 

0.2 2.8 1,866.70 .. 2 .. 154 .. .. 

Barbados 0.1 0.1 87.5 .. 8 .. 66 .. .. 
St. Vincent and 
Grenadines 

0.1 0 7.9 0 0 100 94 .. .. 

Malta: 0.1 0 44.4 64 2 34 307 100 100 
Antigua and  
Barbuda 

0.1 0 8.5 16 22 63 308 .. .. 

Qatar 0.1 0.2 387.5 .. 2 .. 700 .. .. 
Saint Kitts and 
Nevis 

0 0 51.3 1 0 99 71 .. .. 

Kuwait 0 .. .. .. .. .. 176 .. .. 
Bahrain 0 .. 5,967.50 .. .. .. 214 .. .. 
Maldives 0 0 15.7 0 5 95 828 98.3 99.9 
The source was compiled by the authors based on data from The World Bank. World Development Indicators, 19.07.2021. 
The electronic resource is available at http://wdi.worldbank.org/table/3.5. 
 

A description of the magnitude of fresh water flows in individual countries of the European 
Union, the efficiency of water use (water productivity), as well as the state of drinking water supply in 
rural and urban areas are given in Table 3. According to these data, the countries with the largest total 
freshwater flow are: France (200 billion cubic meters), Italy (182-5 billion cubic meters) and Sweden 
(171 billion cubic meters per hectare), Malta (0.1 billion cubic meters), Cyprus (0.8 billion cubic 
meters) and Luxembourg (1 billion cubic meters). The average water productivity index in the 
European Union was 186.5 US dollars. Among the countries of this group, the highest figure is in 



ECONOMICS 

72 

Luxembourg - 1431US dollars, followed by Denmark - 492 US dollars, Ireland - 456 US dollars, and 
the lowest figure in Bulgaria - 10 US dollars, Estonia - 14 US dollars and Greece - 22 US dollars. 
Among the EU countries, the provision of the population with drinking water is almost 99-100%. 
Only the rural population of Lithuania is excluded, where the rate of drinking water supply for the 
rural population is 92.8%. 
 

Table 3 
Freshwater extraction and utilization indicators in EU countries [5] 
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2014 2014 2014 2015 2014 2015 2015 2018 2018 

Austria 55 3.5 6.3 2 77 21 124 100 100 
Belgium 12 6 50 1 88 12 132 100 100 
Bulgaria 21 5.6 27.2 15 69 16 10 99.5 98 
Croatia 37.7 0.6 1.7 1 20 80 94 99.6 99.6 
Cyprus 0.8 0.2 28.4 66 2 33 122 99.5 99.7 
Czech 13.2 1.7 12.5 3 .. .. 150 99.9 99.8 
Denmark 6 0.6 10.6 25 20 55 492 100 100 
Estonia 12.7 1.7 13.5 0 96 3 14 100 99.2 
Finland 107 6.6 6.1 1 .. 6 40 100 100 
France 200 29.8 14.9 10 71 18 109 100 100 
Germany 107 33 30.8 1 .. .. 158 100 100 
Greece 58 9.6 16.5 88 3 9 22 100 100 
Hungary 6 5.1 84.2 6 79 14 35 100 100 
Ireland 49 0.8 1.5 .. 7 83 456 97 98.1 
Italy 182.5 53.8 29.5 .. .. 18 62 99.5 99.4 
Latvia 16.9 0.2 1.4 15 21 64 166 98.8 98.2 
Lithuania 15.5 0.6 4.1 10 66 24 185 99.8 92.8 
Luxembourg 1 0 4.3 1 5 95 1,431 100 98.8 
Malta 0.1 0 44.4 64 2 34 307 100 100 
The Netherlands 11 10.7 97.5 1 88 11 116 100 100 
Poland 53.6 11.5 21.4 10 .. .. 60 99.8 99.5 
Portugal 38 9.1 24.1 .. .. 11 26 100 99.7 
Romania 42.4 6.4 15.1 18 67 15 32 100 100 
Slovakia 12.6 0.6 4.4 4 49 46 194 99.6 100 
Slovenia 18.7 1.2 6.2 0 85 14 57 99.7 99.4 
Spain 111.2 36.8 33 68 18 14 48 99.9 100 
Sweden 171 2.7 1.6 4 58 38 243 100 100 
The United Kingdom 145 8 5.5 13 14 71 337 100 100 
Average for EU countries 53.7 8.8 21.3 17.1 45.7 32.2 186.5 99.7 99.4 
EU countries only 1504.9 246.4 16.4 .. .. .. .. .. .. 
The source was compiled by the authors based on data from The World Bank. World Development Indicators, 19.07.2021. 
The electronic resource is available at http://wdi.worldbank.org/table/3.5. 
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As you know, there is a group of countries that are landlocked. [6] This circumstance has a 
noticeable impact on the economies of the countries belonging to this group, in the sense that these 
countries have higher transport costs for export-import transactions with goods and services. Consider 
the characteristics of total freshwater flows, water and drinking water productivity for rural and urban 
populations for a group of landlocked countries (Table 4). According to the table, Bolivia (303.5 
billion cubic meters), Nepal (198.2 billion cubic meters) and Lao PDR (190 billion cubic meters) have 
the highest indicators of the total fresh water runoff in this group and the lowest – Andorra (0.3 billion 
cubic meters), the West Bank and Gaza (0.8 billion cubic meters), Luxembourg (1 billion cubic 
meters). 

Table 4 
Freshwater extraction and utilization indicators in landlocked countries [5] 
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2014 2014 2014 2015 2014 2015 2015 2018 2018 

1 2 3 4 5 6 7 8 9 10 
Afghanistan 47.2 .. .. .. .. .. 1 95.9 57.3 
Andorra 0.3 .. .. .. .. .. .. 100 100 
Armenia 6.9 3.3 42.9 90 4 6 4 99.9 100 
Austria 55 3.5 6.3 2 77 21 124 100 100 
Azerbaijan 8.1 12 147.5 84 19 .. 4 99.3 81.6 
Belarus 34 1.5 4.5 32 32 36 43 96 98.3 
Bhutan 78 0.3 0.4 94 1 5 7 98 96.7 
Bolivia 303.5 2.1 0.7 92 2 7 13 99.4 78.1 
Botswana 2.4 .. .. .. .. .. 90 97.1 75.5 
Burkina Faso 12.5 0.8 6.5 .. 3 .. 18 79.9 35 
Burundi 10.1 .. .. .. .. .. 8 89.8 56.6 
Central African Republic 141 0.1 0.1 .. 17 .. 24 64.7 33.7 
Chad 15 0.9 5.9 .. 12 .. 14 69.8 29.5 
Czech Republic 13.2 1.7 12.5 3 .. .. 150 99.9 99.8 
Esvatini 2.6 .. .. .. .. .. 5 96.8 60.4 
Ethiopia 122 10.6 6.4 92 1 .. 6 80.3 31.1 
Hungary 6 5.1 84.2 6 79 14 35 100 100 
Kazakhstan 64.4 20 31 66 30 4 9 98.1 92.3 
Kirgizstan 48.9 7.7 15.8 93 4 3 1 97.1 82 
Lao PDR 190.4 3.5 1.8 .. 5 .. 2 94.4 75.6 
Lesotho 5.2 .. .. .. .. .. 66 93 59.3 
Liechtenstein .. .. .. .. .. .. .. .. .. 
Luxembourg 1 0 4.3 1 5 95 1,431 100 98.8 
Northern Macedonia 5.4 0.6 10.2 23 36 41 11 90.6 96.6 
Malawi 16.1 1.4 8.4 .. 4 .. 7 85.8 65.4 
Mali 60 5.2 8.6 98 0 2 3 92.2 68.3 
Moldova 1.6 1.1 65.7 3 83 14 11 97 83.2 
Mongolia 34.8 0.6 1.6 44 43 13 27 96 55.9 
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1 2 3 4 5 6 7 8 9 10 
Nepal 198.2 9.5 4.8 98 0 2 2 89.1 88.7 
Niger 3.5 1 28.1 .. 3 .. 7 84.3 43.6 
Paraguay 117 2.4 2.1 79 6 15 15 99.9 99.2 
Rwanda 9.5 .. .. .. .. .. 52 82.2 52.6 
Serbia 8.4 4.2 49.4 3 .. .. 9 83.3 88.4 
Slovakia 12.6 0.6 4.4 4 49 46 194 99.6 100 
South Sudan 26 0.7 2.5 36 34 29 11 64.8 34.9 
San Marino .. .. .. .. .. .. .. .. .. 
Switzerland 40.4 2 5 8 32 60 379 100 100 
Tajikistan 63.5 11.2 17.6 91 4 6 1 96.2 75.6 
Turkmenistan 1.4 .. 1,983.6 .. .. .. 2 100 97.6 
Uganda 39 0.6 1.6 41 8 51 59 75.1 41.3 
Uzbekistan 16.3 49.2 300.9 .. 3 .. 1 99.6 96.1 
West Bank  and Gaza Strip 0.8 0.4 50.2 .. 7 .. .. 97.1 95.9 
Zambia 80.2 .. .. .. .. .. 18 83.9 42 
Zimbabwe 12.3 3.6 29.1 82 6 12 5 94 49.8 
Average for landlocked 
countries 45.6 5.1 86.6 50.6 19.6 23.0 71.7 91.9 74.2 

Landlocked countries only 1914.7 167.4 8.7 .. .. .. .. .. .. 
The source was compiled by the authors based on data from The World Bank. World Development Indicators, 19.07.2021. 
The electronic resource is available at http://wdi.worldbank.org/table/3.5. 
 

Among the countries in this group, Luxembourg (USD 1431) again leads with the highest water 
productivity index, followed by Switzerland (USD 379), Slovakia (USD 194) and the worst indicators 
of productivity are in Afghanistan, Kirgizstan and Tajikistan where it is 1 US dollar. It should be 
noted that the average of fresh water flow in landlocked countries amounted to 45.6 billion cubic 
meters, which is 15.1% less than the corresponding indicator of the European Union (53.7 billion 
cubic meters). However, the average water productivity index was $ 71.7, which is 260% lower than 
the corresponding indicator for the EU countries ($ 186.5). This means that in the group of landlocked 
countries compared to the EU countries, fresh water is used with very low efficiency. For countries in 
this group, the availability of drinking water for the urban population is quite good, but the same 
cannot be said for the rural population, where there are countries whose rural water supply is less than 
40% (Chad, Ethiopia, Central African Republic, Burkina Faso and South Sudan). A study of fresh 
water resources and their use in the former Soviet Union shows (Table 5) that the total fresh water 
flow in this group of countries is highest in the Russian Federation, where it is 4312.0 billion cubic 
meters, followed by Kazakhstan - 64.4 billion cubic meters and in Tajikistan 63.5 billion cubic meters. 
The countries with the lowest total consumption of fresh water include Turkmenistan - 1.4 billion 
cubic meters, Moldova - 1.6 billion cubic meters and Armenia - 6.9 billion cubic meters of water. 

In this group of countries, the highest water productivity indices have been recorded in 
Lithuania (185 USD), Latvia (166 USD), Belarus (43 USD), while the lowest indices have been 
recorded in Kirgizstan, Tajikistan and Uzbekistan (1 each USD). The average level of water 
productivity in the former Soviet republics was 32.7 $, which, for example, is about 6 times lower 
than the average level of water productivity in the EU countries. As for the index of access to drinking 
water services for urban and rural population of the former Soviet Union countries, it is not lower than 
the corresponding indices for EU countries. 
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Table 5 
Freshwater production and use indicators in the former Soviet Union countries [5] 
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 2014 2014 2014 2015 2014 2015 2015 2018 2018 
Armenia 6.9 3.3 42.9 90 4 6 4 99.9 100 
Azerbaijan 8.1 12 147.5 84 19 .. 4 99.3 81.6 
Belarus 34․0 1.5 4.5 32 32 36 43 96․0 98.3 
Estonia 12.7 1.7 13.5 0 96 3 14 100 99.2 
Georgia 58.1 1.8 3.1 .. 22 .. 9 100 96.2 
Kazakhstan 64.4 20 31 66 30 4 9 98.1 92.3 
Kyrgyzstan 48.9 7.7 15.8 93 4 3 1 97.1 82․0 
Latvia 16.9 0.2 1.4 15 21 64 166 98.8 98.2 
Lithuania 15.5 0.6 4.1 10 66 24 185 99.8 92.8 
Moldova 1.6 1.1 65.7 3 83 14 11 97․0 83.2 
Russian Federation 4,312.0 61 1.4 .. .. .. 26 98.6 92.6 
Tajikistan 63.5 11.2 17.6 91 4 6 1 96.2 75.6 
Turkmenistan 1.4 .. 1,983.6 .. .. .. 2 100 97.6 
Ukraine 55.1 14.9 27 30 48 22 15 91.3 99.4 
Uzbekistan 16.3 49.2 300.9 .. 3 .. 1 99.6 96.1 
Average for former USSR countries 314.4 13.3 177.3 46.7 33.2 18.2 32.7 98.1 92.3 
Only the countries of the former 
USSR 4715.4 186.2 3.9 .. .. .. .. .. .. 

The source was compiled by the authors based on data from The World Bank. World Development Indicators, 19.07.2021. 
The electronic resource is available at http://wdi.worldbank.org/table/3.5. 
 

Conclusion 
Study of freshwater production, flow, ways of utilization and efficiency, urban and rural water 

service indices and study of data from groups of different countries (countries distributed by income, 
countries with lowest and highest total flows, landlocked EU and former Soviet Union countries) and 
individual countries show that very often the water productivity index does not directly depend on the 
total flow of fresh water, the value of which mainly depends on the way the economy is managed and 
depends on the efficiency of the government work. At the same time, there is a need to significantly 
improve the efficiency of water use both in certain regions and groups and in individual countries, 
since it becomes the only possible available means of meeting the growing needs of both the 
population and the economy. All this presupposes the use of legislative, organizational, economic and 
innovative structures and mechanisms in the process of management of freshwater resources. 
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ՔԱՂՑՐԱՀԱՄ ՋՐԻ ՊԱՇԱՐՆԵՐԸ ԵՎ ԴՐԱՆՑ ՕԳՏԱԳՈՐԾՄԱՆ ՀԻՄՆԱԿԱՆ 
ՑՈՒՑԱՆԻՇՆԵՐԸ ԱՇԽԱՐՀՈՒՄ 

 

Ա․Խ․ Մարկոսյան1,2, Է․Ն․ Մաթևոսյան1, Ս․Հ․ Թոքմաջյան1, Է․Վ․ Ավանեսյան2 

1 Երևանի պետական համալսարան 
2 Շուշիի տեխնոլոգիական համալսարան 

 
Քաղցրահամ ջուրը Երկիր մոլորակի կարևորագույն բնական ռեսուրսներից է, որն 

անհրաժեշտ է մարդու և նրա տնտեսական գործունեության իրականացման համար և, ի 
տարբերություն բազմաթիվ այլ ռեսուրսների, չունի այլընտրանք։ Այս հանգամանքը քաղցրահամ 
ջուրը դարձնում է, թերևս, մարդկության կենսակերպը ինչպես ներկայում, այնպես էլ ապագայում 
կանխորոշող կարևորագույն բնական և անփոխարինելի գործոն։ Համաշխարհային օվկիանոսի 
ջրերի աղտոտման, ինչպես նաև կլիմայի տաքացման պատճառով, մի կողմից, և մոլորակի 
բնակչության թվաքանակի աճի և համաշխարհային տնտեսության մասշտաբների ավելացման 
հետևանքով, մյուս կողմից, մեծացել է քաղցրահամ ջրի պահանջարկը ինչպես առանձին 
տարածաշրջաններում, այնպես էլ կոնկրետ  երկրներում։ Այս ամենով հանդերձ ներկայումս 
երկրների առանձին տնտեսական միություններում և խմբավորումներում ստեղծվել են ինչպես 
ջրի արտադրողականության, այնպես էլ գյուղական ու քաղաքային բնակչության 
ջրամատակարարման միմյանցից տարբերվող իրավիճակներ։ Քաղցրահամ ջրերի վերաբերյալ 
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Համաշխարհային բանկի կողմից ձևավորված ցուցանիշների միջերկրային և տնտեսական 
միությունների ու խմբավորումների համեմատությունը վկայում է դրանցում տեղ գտած 
թերությունների մասին, որոնց չեզոքացումը առաջիկայում պետք է դառնա այդ երկրների 
կառավարությունների կողմից ջրային ռեսուրսների կառավարման բարելավման առարկան։ Այդ 
նպատակով հեղինակներն ուսումնասիրել են քաղցրահամ ջրերի ընդհանուր հոսքերի չափերով 
տարբերվող, Եվրամիության, դեպի ծով ելք չունեցող երկրների, նախկին ԽՍՀՄ երկրների 
ցուցանիշները։ 

 

Բանալի բառեր․ քաղցրահամ ջուր, քաղցրահամ ջրի ընդհանուր հոսք, ջրի 
արտադրողականություն, գյուղական և քաղաքային բնակչության ջրամատակարարում, ջրային 
ոլորտի կառավարման բարելավում։ 
 
 

ЗАПАСЫ ПРЕСНОЙ ВОДЫ И ОСНОВНЫЕ ПОКАЗАТЕЛИ ИХ ИСПОЛЬЗОВАНИЯ В МИРЕ 
 

А.Х. Маркосян1,2, Э.Н. Матевосян1, С.О. Токмаджян1, Э.В. Аванесян2 

1Ереванский государственный университет  
2Шушинский технологический университет  
 

Пресная вода - один из важнейших природных ресурсов на планете Земля, который 
необходим человеку для осуществления своей хозяйственной деятельности и, в отличие от 
многих других ресурсов, не имеет альтернативы. Это обстоятельство делает пресную воду, 
пожалуй, важнейшим незаменимым природным ресурсом, определяющим образ жизни 
человечества как в настоящем, так и в будущем. Из-за загрязнения вод Мирового океана, а 
также потепления климата, с одной стороны, и роста численности населения планеты и 
увеличения масштабов мировой экономики, с другой стороны, возрос спрос на пресную воду 
как в отдельных регионах, так и в конкретных странах. 

Вместе с тем, в настоящее время в отдельных экономических союзах и группировках 
стран возникли отличающиеся друг от друга ситуации с продуктивностью воды и с 
водоснабжением сельского и городского населения.  

Сравнение сформированных Всемирным банком показателей по пресной воде 
средиземноморских экономических союзов и группировок свидетельствует о недостатках, 
устранение которых в ближайшее время должно стать предметом улучшения управления 
водными ресурсами со стороны правительств этих стран. 

С этой целью авторы статьи изучили показатели стран Евросоюза, не имеющих выхода к 
морю и стран бывшего СССР, различающихся по величине общих потоков пресной воды. 

 
Ключевые слова: пресная вода, общий поток пресной воды, продуктивность воды, 

водоснабжение сельского и городского населения, улучшение управления водными ресурсами. 
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Abstract 
The peculiarities of energy-saving technologies for the cultivation of slope soils are analyzed 

and advantages of the technology of minimum tillage are substantiated in the article.  
It is suggested to apply new and perspective technologies and combined machines of mechanical 

cultivation of new generation for minimal cultivation of slope soils which are apt to fulfill several 
technological functions during one operation during which the soil erosion will be reduced, the 
amount of precipitation accumulated in soil will increase, the evaporation of humidity and energy 
costs will be reduced. 

 
Key words: crop, slope, minimal tillage, energy saving, energy costs, verticutter. 

 
Introduction 
Along with the growth of the number of farms, the demand for equipment meeting the given 

climatic conditions is increasing both in the Republic of Armenia and in the Republic of Artsakh 
(especially for cultivation of slopes). The tractor fleet is outdated and does not meet the latest agro-
technological requirements for land cultivation and the transition to new technologies is impossible 
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without the use of appropriate technical means. It has been practically proven that the best 
technologies for the cultivation of some crops in mountainous conditions (cereals, potatoes, sugar 
beets, corn, etc) are of minimal cultivation preventing soil erosion, increasing the amount of 
accumulated precipitation, reducing moisture, increasing productivity and reducing energy costs [1, 2, 
5].  

It should be noted that improper use of minimal equipment in areas with high humidity and low 
humidity leads to negative results. It is equally important to optimize the soil density on the site for 
growing individual crops using a precise minimum cultivation technique. Thus, in the conditions of 
Armenia in the cultivation of grain crops, only the use of minimum and zero soil technology in arid 
zones of mountain agriculture has been clarified. At a soil density of 0,9 – 1,1g/cm3 zero tillage is 
carried out and at a density of 1,1g/cm3-1.3g/cm3 - minimal tillage [1].  

For the minimum cultivation of slopes, cutters, cultivators, chisel cultivators and disc cutters 
with various working bodies are used the optimization of the operating and geometric parameters of 
which will allow us to design more energy-saving and high-tech technical means. 

During the soil cultivation with existing plows and rakes, a so-called hardened furrow is formed 
which prevents the penetration of atmospheric precipitation, as well as the evaporation of excess 
moisture from the soil. This leads to soil erosion on the slopes and to wet “slabs” on the plain. The 
listed negative phenomena lead to land degradation in huge areas of territories [2, 9].  

This implies the development of advanced technologies for mechanical soil cultivation and a 
new generation of combined machines capable of simultaneously performing several technological 
processes during which erosion and soil hardening are reduced. 

 
Research and methods 
The traditional technology of growing major crops has put agriculture in a strict circle, 

conventional sowing is a rather “expensive pleasure”. The constant rise in prices for equipment, fuel, 
fertilizers and plant protection products makes it necessary to maintain the economic efficiency of 
crop production and completely different agricultural measures are needed. The main issue is that the 
soil is deprived of plant residues, it becomes poorer, and therefore, new expenses are required for the 
restoration of the soil with nutrients. The solution to this problem is the use of energy-saving 
technologies, the most important values of which are: increasing the efficiency of agriculture, 
ensuring the ecology of production, sowing in a short time with minimal costs, increasing yields, 
saving fuel and weed control occurs simultaneously with sowing, the system of air-water circulation 
of the soil is improved and the absence of a cycle connects the natural mechanism of soil self-
restoring and it becomes a closed ecosystem. 

It is important that a person can grow crops with nature and not against it; it is necessary that 
plants, roots, seedlings and other useful organisms work as the best cultivators in order to restore the 
former “strength” of the soil [3, 10, 11]. Some output materials are needed to switch to a new 
technology for growing crops, to know the type of soil, density, texture, level of erosion and 
composition of groundwater, to test tillage tools and discover their capabilities.   

The next requirement for work is the timely execution of technological processes. Particular 
attention should be paid to the timely implementation of soil sowing after previous harvesting which 
allows first to do it efficiently with minimal energy consumption at the same time and the use of post-
harvest “fertility” of the soil, second, to preserve the unused moisture of the previous harvest for 
future crops and third, to prevent the spread of weeds. It is important to remember that after the 
previous harvest an increase of fermentation period from 1-2 days to two weeks leads to a loss of 7 c / 
ha of grain [4, 5, 8].  
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The next main issue is the role of plant residues. They protect the soil from erosion by absorbing 
the impact of the raindrops preventing the decomposition of soil particles. Plant residues also reduce 
soil compaction, clog soil pores and increase infiltration and rapid crop growth while protecting 
against rain and wind and reducing evaporation. The concept of stubble burning is excluded which 
leads to the destruction of valuable organic substances causing significant damage to soil life [10, 11]. 

The next important issue in crop rotation is the sequence of crops and the right choice of amount 
not forgetting about the presence of the fallow. With the correct crop rotation with the use of energy 
efficient tillage technology, the yield increases by at least 10% [4, 5]. 

 

Results and analysis 
Energy-saving land cultivation technologies include mainly soil-free, minimal and zero tillage. 
Minimal soil tillage allows solving serious problems: 
- preventing water and wind erosion, 
- accumulation of nutrient water in the soil, 
- strengthening the processes of restoring fertility and at the same time saving energy costs, 
- a strong fertile soil layer formation, 
- the soil is approaching its natural state, 
- collecting at metrical depth and retaining 10-20% more moisture, 
- fuel savings by 40-50%. 
 

This tillage technology depends on its density, it is used in soils with density up to     1.3 g/cm3. 
In case of zero tillage, the land is not cultivated at all. It is only sowed in rows with a large width and 
a yield is harvested. In many parts of the world today, zero tillage is known as the No-Till system [12]. 
The positive aspects of zero land cultivation are: 

- exclusion of tillage with harrows, 
- prevention of soil erosion, fuel saving, 
- increase of moisture accumulation. 
 

 In case of using this method of soil cultivation, it is necessary to apply the crop rotation strictly. 
It is desirable to cultivate the soil in case of density above 1.3 g/cm3. No-Till system is an economical 
model of crop production based on zero tillage technology. In case of modern agricultural production, 
80% of the crop depends on nature. In case of No-Till system, the impact of the weather on crop yields 
has been reduced to 20%, with the remaining 80% falling on agricultural management technologies.  

It should be remembered that the transition to minimal technology begins with the harvesting 
process during which the stubble residues are evenly distributed on the field which provides: 

- moisture retention, 
- drought protection of the soil, 
- protection of crops from weeds, 
- prevention of soil erosion, 
- the opportunity to giving up land cultivation. 
 

 Currently, 100 million hectares of land are cultivated in different countries of the world using 
No-till technology which is gradually growing. This technology is spreading in the CIC countries at a 
rate of 1 million ha per year [6, 7]. 
 

Conclusion 
1. The best tillage technology is minimal tillage which prevents soil erosion, increases the amount 

of precipitation accumulated in it, reduces moisture evaporation, increases fertility and reduces 
energy costs.           
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2. The use of minimal soil cultivation solves serious problems: prevents water-wind erosion, 
ensures the accumulation of nutrient water in the soil, strengthens the processes of restoring 
fertility and at the same time saves energy costs, а strong fertile soil layer is formed, the soil 
approaches its natural state, 10-20% more moisture is collected and stored and fuel economy is 
40-50%. 
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ԼԱՆՋԵՐԻ ՀՈՂԻ ՄՇԱԿՄԱՆ ԷՆԵՐԳԱԽՆԱՅՈՂ ՏԵԽՆՈԼՈԳԻԱՆԵՐԸ ԵՎ 
ԱՌԱՆՁՆԱՀԱՏԿՈՒԹՅՈՒՆՆԵՐԸ  

 
Պ.Ա. Տոնապետյան1, Պ.Յու. Գասպարյան2, Ա.Պ. Տոնապետյան1, Ք.Ա. Գրիգորյան2 
1Հայասանի ազգային ագրարային համալսարան 
2Շուշիի տեխնոլոգիական համալսարան 
 

Հոդվածում կատարված է լանջերի հողի մշակման էներգախնայող տեխնոլոգիաների 
առանձնահատկությունների վերլուծություն և նվազագույն մշակման տենոլոգիայի 
առավելությունների հիմնավորում:  

Լեռնային պայմաններում լանջերի հողի նվազագույն մշակման համար առաջարկվում է 
կիրառել հողի մեխանիկական մշակման նոր, հեռանկարային տեխնոլոգիաներ և նոր սերնդի 
կոմբինացված մեքենաներ, որոնք ընդունակ լինեն մեկ ընթացքի ժամանակ կատարելու մի քանի 
տեխնոլոգիական գործընթացներ, որի ընթացքում կնվազի հողի էրոզիան և պնդացումը, 
կավելանա դրանում կուտակված տեղումների քանակն, կնվազի խոնավության գոլորշիացումը, 
կբարձրանա բերրիությունը և կնվազի էներգածախսերը: 
 

Բանալի բառեր. մշակաբույս, լանջ, նվազագույն մշակում, էներգախնայող, 
էներգածախսեր, փխրիչ: 
 

ЭНЕРГОСБЕРЕГАЮЩИЕ ТЕХНОЛОГИИ И ОСОБЕННОСТИ  
ОБРАБОТКИ ПОЧВЫ НА СКЛОНАХ 

 

П.А. Тонапетян1, П.Ю. Гаспарян2, А.П. Тонапетян1, К.А. Григорян2 
1Национальный аграрный университет Армении 
2Шушинский технологический университет 
 

В статье проанализированы особенности энергосберегающих технологий обработки 
почвы на склонах, обоснованы преимущества технологии минимальной обработки. 

Для минимальной обработки почвы на склонах в горных условиях, предлагается 
применить новые перспективные технологии механической обработки почвы и 
комбинированные машины нового поколения, способные выполнять за один проход несколько 
технологических операций, в ходе которых снижается уплотнение и эрозия почвы, 
увеличивается количество накопленных в ней осадков, уменьшается испарение влаги, 
повышается плодородие и снижаются энергозатраты. 
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Ключевые слова: культурные растения, склон, минимальная обработка, 

энергосберегающий, энергозатраты,  фреза. 
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Исследование было проведено при финансовой поддержке Министерства ОНКС Республики 
Арцах в рамках научной темы № SCS 20-007 "Разработка и производственные испытания новой 
энергосберегающей технологии обработки почвы и комбинированной машины в Горном земледелии 
РА". 
 
 
Ներկայացվել է՝ 21.06.2021թ․ 
Գրախոսման է ուղարկվել՝ 22․06․2021թ․ 
Երաշխավորվել է տպագրության՝ 12․07․2021թ․ 
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Հաստատված է ԲՏՏ գիտական հանդեսի համակարգող խորհրդի 19.07.2021 որոշմամբ  
 

 
ՀՈԴՎԱԾԻ ՁԵՎԱԿԵՐՊՄԱՆ ՊԱՀԱՆՋՆԵՐ 

 
1. Էջի ֆորմատը՝ A4, լուսանցքները՝ 18 մմ (աջ, ձախ, վերև, ներքև): 
2. Հոդվածի լեզուն՝ անգլերեն, տառատեսակը՝ Times New Roman, ամփոփագրերը՝ հայերեն 

(Unicode/GHEA Grapalat), ռուսերեն (Times New Roman): Միջտողային հեռավորությունը՝ 1,15: 
3. Էջի վերին աջ անկյունում, գլխատառերով, 11 bold տառաչափով գրվում է խորագիրը: 

Տեղեկագրի համար դրանք են՝ AGRICULTURE, ARCHITECTURE AND CONSTRUCTION, 
ECONOMICS, INFORMATION AND COMMUNICATION TECHNOLOGIES, MACHINE 
INDUSTRY AND LOGISTICS, NATURAL SCIENCES, WATER SYSTEMS. 

4. Հաջորդ տողի ձախ անկյունում գրվում է ՀՏԴ-ն (UDC)` առնվազն վեց նիշ՝ 11 տառաչափով: 
5. Հաջորդ տողի մեջտեղում գլխատառերով գրվում է հոդվածի վերնագիրը՝ 14 bold 

տառաչափով:  
6. Երկու տող ներքև, աջից, 11 bold տառաչափով գրվում է հեղինակի Անունը, ցանկության 

դեպքում՝ Հայրանվան առաջին տառը, Ազգանունը: 
7. Հաջորդ տողում՝ աջից, 11 տառաչափով գրվում է կազմակերպության անվանումը: 
8.  Հաջորդ տողում՝ աջից, 11 տառաչափով գրվում է կազմակերպության հասցեն: 
9. Երկու կազմակերպության կողմից հոդվածը ներկայացված լինելու դեպքում, 7-րդ և 8-րդ 

կետերը, հաջորդ տողից, կրկնվում են: 
10. Հաջորդ տողում՝ աջից, 11 տառաչափով գրվում է հեղինակի էլեկտրոնային հասցեն: 
11. Հաջորդ տողում՝ աջից, 11 տառաչափով գրվում է հեղինակի ORCID -ը: 
12. Հաջորդ տողում՝ աջից, 11 տառաչափով գրվում է այն պետության անվանումը, որի 

քաղաքացին է հեղինակը: 
13. Երկու տող ներքև, առկայության պարագայում, նույն կարգով, գրվում է մյուս հեղինակների 

տվյալները: 
14. Երկու տող ներքև, 12 տառաչափով գրվում է հոդվածի ամփոփագիրը (Abstract):  Abstract 

բառը գրվում է  12 bold տառաչափով: 
15. Երկու տող ներքև, 12 տառաչափով գրվում է բանալի բառերը (Key words): Key words բառերը 

գրվում են շեղատառով (Italic)՝  12 bold տառաչափով: 
16.  Երկու տող ներքև, 12 տառաչափով գրվում է հոդվածի տեքստը, որը պարտադիր պետք է 

ունենա հետևյալ բաժինները՝  Introduction, Conflict setting, Research results, Conclusion: 
Հոդվածը կարող է ներառել նաև այլ բաժիններ, մասնավորապես՝ Materials and methods, 
Experimental procedures, Discussion, այլ: Բաժինների անվանումները գրվում են 12 bold 
տառաչափով՝ 10 մմ խորքից: Հաջորդ տողից, 10 մմ խորքից,  12 տառաչափով գրվում է 
բաժնի տեքստը: Յուրաքանչյուր բաժին սկսվում է գրվել նախորդից երկու տող ներքև: 

17. Բանաձևերը ներկայացվում են Math Type ծրագրով, առանձին տողով, մեջտեղում և 
համարակալվում են աջ մասում՝ փակագծերի մեջ: 

18. Տեքստում կարող են լինել նկարներ, գծապատկերներ, աղյուսակներ: Նկարները և 
գծապատկերները համարակալվում են Նկ. նմուշառմամբ: Դրանց անվանումները գրվում 
են 11 bold տառաչափով՝ մեջտեղում՝ նկարների (գծապատկերների) ներքևում՝ առջևից նշելով 
Նկ. և նկարի (գծապատկերի) հերթական համարը: Անվանման տակ՝ մեջտեղում՝ 10 
տառաչափով կարող են գրվել համապատասխան բացատրություններ: Աղյուսակները 
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համարակալվում են աղ. նմուշառմամբ: Դրանց անվանումները գրվում են 11 bold 
տառաչափով՝ մեջտեղից՝ աղյուսակի վերևում, իսկ անվանման վերևում՝ աջից, 11 bold 
տառաչափով, գրվում է Աղյուսակ և աղյուսակի հերթական համարը: Աղյուսակի մեջ 
գրառումներն իրականացվում են 10 տառաչափով (անհրաժեշտության դեպքում՝ 9 
տառաչափով): 

19. Հոդվածի վերջում, երկու տող ներքև, ներկայացվում է օգտագործված գրականության ցանկը 
(References)` համարակալված ըստ հղումների հերթականության: Աղբյուրները բերվում են [..] 
նմուշառմամբ: Հոդվածների վրա հղումները ներառում են հեղինակ/ներ/ի Ազգանունը, 
Անվան, Հայրանվան սկզբնատառերը, հոդվածի անվանումը, փակագծերի մեջ հոդվածի 
հրատարակման տարին: Այնուհետ դրվում է // նշանը և գրվում է հանդեսի անվանումը, 
քաղաքը, հրատարակման համարը, էջերը: Իսկ գրքերի, մենագրությունների դեպքում՝ էջերի 
ընդհանուր քանակը: Աղբյուրները ներկայացվում են բնօրինակ և անգլերեն թարգմանված 
տարբերակներով (ներկայացվում է գրականության 2 ցանկ՝ բացառությամբ այն դեպքի, երբ 
բոլոր հղումները անգլերեն լեզվով հրատարակված նյութերի վրա են): 

20. Առանձին էջի վրա տրվում են հոդվածի ամփոփագրերը հայերեն և ռուսերեն լեզուներով: 
Արտերկրից ներկայացվող հոդվածների ամփոփագրերի թարգմանությունը, 
անհրաժեշտության դեպքում, իրականացնում է տեղեկագրի խմբագրությունը: Ամփոփագրի 
հայերեն տարբերակը ներկայացվում է 11, իսկ ռուսերեն տարբերակը՝ 12 տառաչափով: 
Ամփոփագրին, ներկայացվող լեզվով կցվում են բանալի բառերը: 

21. Առանձին էջի վրա բերվում են հեղինակ/ներ/ի մասին տվյալները (պաշտոն, հեռախոս, 
գիտական աստիճան, գիտական կոչում, էլ. հասցե): 

22. Հոդվածները ներկայացվում են info@bulletin.am հասցեով:  
23. Անգլերեն տարբերակից բացի, հեղինակը ներկայացնում է նաև հոդվածի հայերեն կամ 

ռուսերեն տարբերակը (բացառությամբ արտերկրից ներկայացվող հոդվածների): 
Ամփոփոգրում, վերնագրից հետո բերվում են հեղինակ/ներ/ի Անվան, Հայրանվան 
սկզբնատառերը և Ազգանուն/ներ/ը:  

24. Հոդվածները ստուգվում են գրագողության դեմ: 
25. Հեղինակը կրում է գաղտնի տեղեկատվություն հրապարակելու ողջ 

պատասխանատվությունը: 
26. Հոդվածները տպագրության են երաշխավորվում խմբագրական խորհրդի կողմից՝ 

խմբագրական խորհրդի  անդամի երաշխավորությամբ կամ գրախոսման կարծիքի հիման 
վրա: Կարծիքը պետք է պարունակի եզրակացություն գիտական նորույթի վերաբերյալ: 

27. Բացասական եզրակացություն ստացած հոդվածները տեղեկագրում հրատարակման 
ենթակա չեն: 

mailto:info@bulletin.am
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Утверждено решением Координационного совета журнала ИВТ от 19.07.2021.  
  

ТРЕБОВАНИЯ К ОФОРМЛЕНИЮ СТАТЬИ 
 

1. Формат страницы - A4, поля - 18 мм (справа, слева, сверху, снизу). 
2. Язык статьи - английский, шрифт: Times New Roman, аннотации: армянский - 
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