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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. Ni20P100K100

4. NgoP50K50 + 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.

4
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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"
Soil moisture (%) according to the soil depth
Soil moisture p :
i > .. Fruit Fruit A
Option cm Flourishing fomr?;tison i I’UI.S verage
pening
stage
stage stage

Checkin 0-20 15,67 18,56 16,42 16,88
& 20 -40 19,45 23,51 21,31 21,42
0-20 17,74 20,30 18,41 18,82

M t 9 9 b b
anure 30 tha 20 - 40 22,56 26,18 2337 24,01
NP K 0-20 16,76 19,67 17,14 17,86
12071007 100 20 - 40 20,19 24,19 22,60 22,33
0-20 16,68 21,40 18,15 18,74

+

NeoPsoKso + manure 15 tha 20 - 40 20,21 2434 23,94 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"
Number of Nu.mber of Amount of Number of
. fruits fallen )
. fruits on one Average mass normally fruit-buds on
Option from one . .
shrub, of fruits, gr colored fruits, one shrub,
iece shrub, % iece
P piece ’ P
Checking 101 17 268 75 255
Manure 30t/ha 126 19 296 78 316
Ni20P 100K 100 123 19 304 79 310
NgoPs0Kso+ 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."

The average Crop yield according to The average The difference with
Option crop from one repetitions/ha crop of the regard to checking
tree, kg 1 II 111 fruit, gr/ha g/h %
Checking 27 225 223 224 224 - -
Manure 30 t/ha 37,2 309 306 312 309 85 37,9
Ni20P100K 100 37,5 312 309 315 312 88 39,2
NeoPs50Ksp + manure 15 t/ha 38 315 319 314 316 92 41,0

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 ¢ / 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.
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Table 4
Economic efficiency of fertilizer application in pomegranate orchard

Additional harvest costs, "
(1000 AMD) . g
3
o a
2 S
< i) 9]

= O | Q <

= < - B S & o

o0 = Q < |7} :

= = > 20 S -

= > | B 7 £ 5 g
= 2 28 | £8 3 2 5 ” &g | &8¢
& - S s S S g 2, 2 s S 5 S
= & 3 o < § < = £ 5 3 §< | 23
S = ) ) o 2 o b = a, o 2 S o =
5§ | ¢ | g1 g8 |88 | S| 5| &2 | £ | § |28|58
> < & £ | <2 | & = @ S = <z | <2

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 13134 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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Upgwfup  Lwupwwbunnpjwtu  Uwpunwlybpnh  oppwuh hwppwywjpwiht gnwnt
hnnwyhdwjwlywu  wwypdwuubpnwd  nwnwduwuppdb £ unubunt ywpwpunwgdwu  wywgnyu
dwdlybnubph nu swihwpwuwlubph Yppwndwu nbpp' hnnh nuownwihtu  funtwyniuwynigjw
pwnpdpwgdwl, pnyubiph dnuin pubipndhwnn  hwnynieniuubph  duwynpdwu  gnpdpupwgnid: Ujn
uwwwnwyny pwg wquiwlywgnyu fubwpwpwiht, Ywywldwquihu dhohtu hgnpnigjwt hnnbtipnud,
hwoyh wnubny YGuuwypdwjwywu wwjdwuubphtu unubunt Ynndhg ubpyuwywgynn wywhwugubinu
nt.  hnnph  pbpppnppjwt wywhwywudwt  Yuplnpnyeniup,  thnpdwpwpwhGunwgnunwywu
dwuwwwphny pwgwhwjnyt] £ opqwuwlywu U hwupwht wwpwpwwuniebph  hwdwwnbn
oginwgnpddwu pwpdp wpryntuwybtinnieginiup: Mwpqyb £, np Yhuwpwjpwjywsd gndwnph W pnhy
(NPK) hwupwjhtu wywpwpwwujnyetph hwdwwnbn Yhpwnndp, pblynig  Ybu swhwpwuwyubipny
wybh wprynibwybn L, pwtu wnwudhu-wnwudhtu wnpynn npwug Ypluwyh swihwpwuwyubipp:
Znnnud funtwyniejwt wwwhnydwu htin Yuwywd unubunt pppwnynyeniup wybih Ypwpdpwuw
et opqwuwlwu U hwupwht wwpwpunwunyetph htwn  hwdwwnbn  hnn dngyh  twl
whhdGpwhwupwihu Ujnye (npwbiv opwyniinwlhs dbhnpwuw):

Pwtwh pwnbp. JdGhnpwuwn, gndwnp, hwlpwht wwpwpunwunyetp, wwpwpunwgnd,
uunignd, hnnh funtwynie)niu, unubuh, pppwunynieiniu:

KOMILIEKC ATPOTEXHUYECKHNX MEPOITPUATHIA 11O BO3JAEJBIBAHUAIO
TPAHATA ¥ BO3MOKHOCTHU NPUMEHEHUS MEJIMOPAHTOB B PABHUHHOM
30HE MAPTAKEPTA

C.b. I'aacrsan, T.I'. I'puropsin, 3.B. ABanecsin, A.T. 3akapsin

L ywunckui mexnono2udeckuti yHugepcumem

B NO4YBEHHO-KJIIMMATUYECKUX YCIOBHUSIX PAaBHUHHOM 30HBI MapTakepTCKOoro paioHa
PecnyOnuku Aprax Obula M3ydeHa poJib MPUMEHEHHUs JTy4YIIMX CPOKOB M J03 yI0OpeHus rpaHara B
MpoLeCCe MOBBIIIEHUS TMOJEBOW BIAKHOCTH MOYBBHI U (OPMUPOBAHMSI KCEPOPUTHBIX CBOICTB Yy
pactenuii. C 3TOH LENbI0 Ha CBETJIO-KOPUYHEBBIX LICOHUCTHIX, CYTJIMHHCTBIX IOYBAaX CpeaHei
MOIIHOCTH, YUYUThIBAA Tp€6OBaHI/I$I, NpEABABIACMBIC T'PAHATOM K 6I/IOKJ'II/IMaTI/I‘ICCKI/IM YCIOBUSAM U
BAXKHOCTb COXpPAaHCHHA IJIOAOPOAHA IMOYBBI, 3KCHICPUMCHTAIIbHO-UCCICAOBATCIILCKUM ITYTEM 6I>I.Ha
BBISIBJICHA BBICOKAas 3(1)(1)CKTI/IBHOCTI> COBMCCTHOI'0 HCIOJIb30BAHUSA OPraHUYCCKUX W MUHCPAJIIBHBIX
ynobpenuii. bpiio oOHapyX€HO, YTO COBMECTHOE HCIIOJIb30BAHHME MOJYIEpEeNnpeBIIero HaBo3a M
noytHoro MuHepanbHoro yaoopenust (NPK), naxke B monoBMHHBIX j03ax, Oonee 3QdeKTHBHO, yeM
BHECEHHUE UX JABOWHBIX 703 110 OTIEIbHOCTH.
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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 (4loe 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, Fragariaxananassa strawberries, Cucumis sativus cucumbers
and Lens culinaris lentils [13,14].

puin WA
.“=39

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 50m? 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 Armeniany), strawberries
(varieties «Victoria»), garlic (local variety «Armeniany»). 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), d*5 - 1.150-1.154, soluble in water, pH of an aqueous
solution (1%, 20°C) - 3.0-3.5. In the course of the research, the effects of both preparations were
analyzed. «Complex Plusy» 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.

H
Na'| O0OC-CH-0O -CH-COO | K'
N
Py
K ‘O0C-CH-0O /0 =CH-COO | Na
H

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.

N f fl i
Number of vegetative organs Number of generative organs u@ber ot fowers 1

S inflorescences

«Complex- | «Complex- C «Complex- | «Complex- C «Complex- | «Complex- C

100» 150» 100» 150» 100» 150»

A 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)

DLso = 805 mg/kg, skin irritative toxicity DLsy > 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 50m” (kr) Productivity per lha (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, S 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 0 moment 30 days 60 days
of plants |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 52
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 43 2,3
8 + 2,5 0,3 4.8 1,5 5,7 2,4
9 - 4 1.4 59 2,2 7 2,7
10 | + 4,6 1,3 7,2 43 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)” DLsy = 805 mg/kg, skin irritative toxicity DLs
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).
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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
15



AGRICULTURE

Table 4
Analysis of the effect of the stimulant on the growth of lentil seedlings Lens culinaris.
S - experimental sample, C - control sample.
0 moment 4 days 7 days

Sample shoot length main root shoot length main root shoot length main root
(cm) length (cm) (cm) length (cm) (cm) 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.

A B

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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ANR3UP UAL UUShYUSLNT GhLEEadbh <PUUL 4ru LNM YNUNLELUU3hL
nausSruusnrkuh NRUNRULUUPPARG3NRL

U.N. Uppwjbywt’, P.Q. Pwpwjwt?, ¢.£. LEpuhuyjwtd, W.U. Sphgnpjui’

'Cuywugpwth wqquypti wnipippbubhwlwt hwdwuwpwb, [ninwiptpbuwuw «Snwphdpljupptbph
uynwgnid b npwlp JGpwhulynid» pwquyhti ghypnwhGypwgnipulywt wipnpugpnphw

2L QUU «Lwyphnipbputininghw» FUY, «Eyninghwlwl wadypwbgnyanit» jwipnpwgpnphw

3Cniphh ipblutininghwlwt hwdwuwpwt, Puwlwl ipbutninghwubph jwpnpwpnphw

Qwy-MMmuwlwt hwdwuwpwl, Hanwagnpdwlwb phdpuwgh wdphnt

Nwnuwuwuppybp b <wjwunwuh wqquiht ynihnbuuthwlywtu hwdwuwpwunw (UML)
dowyyws, ghutipwphg wuswwnywsd puwlwu ghubipryh ypw hhdujws, «Undytipu» b «4ndwbpu
Mynwu» 2 unp Yndwtipuwjhtu pnyubiph wéh fupwuhs (Ppunnuinhdnijwnnp) ypbwwpwubipp:

Shunnunhdniyywnnph  wgnbigngniup’  wwppbp  wwpunundhwlwu  fudpbph dh owipp
pwpdpwlwng Swnlwynp pnyubph ypw: “Ywuwwpdbp G dh owpp (wpnpwwnnp W nwanwhu
thnpdwpynuwubip gyninwnunbuwywu Jpwlwpnyubiph, nEYnpwnpy pnyubipp W nGnwpnyubiph ypw'
Ywywnnw (Stapelia grandiflora Masson), pnidhs wint (4loe vera), nbynpwuwhy Ywjwufunb
(Kalanchoe blossfeldiana, Kalanchoe daigremontiana), Jwwnyn wqwyw (Agava tequilana),
wdbphywu wqwyw (Agava americana L. Trifasciata), Yupunndh| (Solanum tuberosum), ufuwnnp
(Allium sativum), |nph (Phaseolus vulgaris), Gy (Fragaria % ananassa), unniuq (Cucumis
sativus) W nuw (Lens culinaris). Unwybjugnyu tSptYunp nhinygnid £ uniyynybun pnyubipp hwdwp:

Cuwn vwuuwywu EYynunnpuphyninghwwu punipwagphg' nydjw| dhongu hptuphg ubplwjwguntd
E Eyninghwwbiu dwpnip Ujnyebiph fuwnunipn, npu wpunwnpyty £ «wuws phdhwjh» dbpnnutpny.
wju dhohtu pniuwynp W eny| wytipgbu k:

Pwtwh pwnbp. ghubpeent, dhypnywpwpuwiunge, gninuununtuwlwu pnyubip, pnyubph
wéh fupwuhs (Phinnuinpdniywwnnnp), fubjugunn Yndwtipuubip:
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UCCJEIOBAHHUE HOBOI'O KOMILJIEKCHOT'O ITIPENAPATA HA OCHOBE BUHHOH
KHUCJIOTHI JIJIsI AKTUBAIIMM POCTA PACTEHUI

A.P. Muxaeasin', B.I'. Ba6asin’, [.T'. Hepcncm{z’, AM. l“pnropsm4

"Hayuonanenwni nonumexnuveckuii ynusepcumem Apmenuu (HITVA), 6azos6asn nayuno-ucciedosamensekas
nabopamopus «llonyuenue cenbCcKoX03aNUCMEEHHbIX A00XUMUKAMOS8 U KOHMPOIb KAYeCmeay
’Hayuno-Ilpousseodcmeennviti Llenmp (HITL]) «Apmbuomexnonozusny Hayuonansnoti Axademuu Hayx
Pecnyonuxu Apmenus (HAH PA), nabopamopus sxon02uyveckol 6e30nachocmu

* [Iywinckuti mexnonoz2uueckuti ynugepcumen, 1abopamopus ecmecmeeHHbIx MmexHono2ull
?Poccuticko-Apmancruii ynueepcumem (PAY), kagedpa papmayesmuueckori xumuu

B cratbe paccMOTpeHO BIMSIHHE JABYX KOMIUIEKCHBIX CTUMYJSTOPOB pOCTa pPaCTEHUI
(putoctumynstopoB) «Kommiekey n «Kommiekc Ilmroc», MONydeHHBIX Ha OCHOBE MPUPOTHOMN
BUHHOM KHCIIOTBI, BBIJICJICHHON M3 BHUHHOTO KaMHs, COTJIaCHO METOJMKE, pa3paboTaHHOH B
Hanuonansnom nonutexHuueckoMm yHuBepcutere Apmenuu (HIIVA), Ha poct psaa BeICHIMX
LBETKOBBIX PaCTCHUM.

Beu1 mpoBeneH psaa 1abOpPaTOPHO-TIONEBBIX HCHBITAHUN CEIbCKOXO3SHCTBEHHBIX KYIBTYP,
JICKOPATUBHBIX U JIGKAPCTBEHHBIX pacTeHUl: Kakryca (Stapelia grandiflora Masson), neKapCTBEHHOTO
anod (Aloe vera), nexkopatuBHOro Kayauxod (Kalanchoe Blossfeldiana), xananxos (Kalanchoe
daigremontiana), rony0oi araBwl (Agava tequilana), amepukaHckoil araBbl (Agava americana L.
trifasciata), xaprodens (Solanum tuberosum), decHoka (Allium sativum), dacomu (Phaseolus
vulgaris), xnyonuku (Fragaria * ananassa), orypuoB (Cucumis sativus) u yedeBuiisl (Lens culinaris).
MakcumanbHbIi ) PeKT HaOMIOAAICS Y CYKKYJICHTOB.

CornacHO JaHHBIM TMPEIBAPUTEIHLHON JIKOTOKCUKOJIOTHYECKOW XapaKTePUCTHKH, JaHHOE
CPEACTBO TpEACTaBIsieT CO0OM CMeCh OSKOJOTMYECKHM YHCTBIX BEIIECTB, MPOU3BEICHHBIX IIO
TEXHOJIOTUSIM «3EJICHON XMMHUU», 001aJaeT YMEPEHHOW TOKCHYHOCTBIO U CIa00i aliepreHHocTho. B
HacTosmiee Bpemsi npenaparbl «Kommieke» u «Kowmmieke ILimrocy roTtoBarcs K rocyaapCTBEHHOM
perucTpanyu U NaTeHToBaHuio B PA.

Knwuesvle cnoea: BUHHAS KUCIOTa, MHUKPOYIOOPEHUs, CEIBCKOXO3SHCTBEHHBIC DPACTCHHS,
CTUMYJISITOP POCTa pacTeHUH ((PUTOCTHUMYJISATOP), XEIaTHBIE KOMITJIEKCHI.

Lbpywjwgyt £ 01.07.2021p.
QYpwlunudwu £ ninuipyyty’ 01.07.2021p.
Epwotuwynpyb) £ inwwgpniejui’ 16.07.2021p.
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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.

Key words: Lactation, pregnancy, intensity, heredity, piroplasmosis.

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
0 - 6 months 6-12 12-18 gt)lrllllzﬁ;i
Number | Weight a A A ™y
Race of at birth Live Ve'rage Live Ve'rage Live Ve.rage Live Ve.rage
. . daily . daily . daily . daily
animals (kg) weight, . weight, . weight, . weight, .
K weight K weight K weight K weight
: gain, g : gain, g : gain, g £ 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

The age of the first fertilization, . The age of the first birth,
Race Duration of pregnancy, day
days 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
° Breastfeeding by lactation months o
Q
3 S
R I II I v \'% VI VIL VIII IX X _%
L]
2 <
= = = = = = = = = s | &8
= = = = = = = = = = | > E
>l |2 c| 2|l »|lc| || 2| ¢ 2l 2| |2l 22|52 &
S|ES|E|S|E|S|E|S|E|S|E|IS|E|S|E|S|E|S|E|R B
5|1 5 |58 | 5|55 |8 |58 |88 6 5|58 |§|8|85]5 -
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 1390 |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

1 f fat contai
Race Milk yield, kg Milk fat content,% Protein content,% 00go a. 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

25



AGRICULTURE
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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sudurp $Ludk 64 REMUE3 S616MP 6RPLRLENP UBh, RUMGUSUUL b4
UtruS4nihfe-3UuL atdudnNruul <UUGUUSULUL PLNRFUSPIL
ursutuh <ULMrUNESNhe3NkLNKNY

U.U. Swhuwqupjui, 4.2. Luphdwuywu, U.U. Uwpnijuwtyjw
Cnphh ipbutininghwwl hwdwuwpwb

Nwnuwiuwuppnyeyniuutpny  hwuwwwndbp £, np pun wéh hunbuuhyniygjwu duhg dhusk
ptnduwynpndp puwsd dwdwuwlwhwwndwsénd $Ydh gbinh Yunwupubipp gbipwquughk) Gu
obipuby gbinhu 20,5 %-ny, huYy puwnn Yeunwuh quugqwdh * 47,8 %-ny:

Unwoht |[wlwmwghwih wpryntupubipnd wnwouwdhtu Yndtiph dhoht  Ywplwunynieniup
diyYdh gbinh dnn Ywagdtp £ 3810 4,05 % jninwjuniejwdp, huy obipubyp gbnh  dnun
hwdwwwwwufuwuwpwnp' 2810 Yg b 5,61 %, Yuwd YD gbinh YEunwuphubpp gbpwquugt) Gu
obipubht’ 34,6 %-nY: Uhwdwdwuwl pun Jupuwjninh wwpniuwyniyegjuwtu upwup ghoby Gu
otipubyht’ 4,5 Yg-ny:

Lbpypywsd  Gphuoubipp  wybih  puwniuwy  Gu Gnbl  wpwtu  wwpwghwwihu
hhywunnipiniuutiph hwnwwbu wyhpnwwqgingh tywwndwdp:

Nwwh Gpwotuwynpynud £ Yuuwwpbp ubpypdwsd glintph gnnnbuuhywywu bW wnunbuwywu
guwhwuwnd, npp huwpwynpnyentu Ypudbinuh upwug dnn pwgwhwjnbint dpbpwwnyniejwu
wnunbiughw) huwpwynpnieiniuutipp wwjdwuwynpywsd dwnwugulwuntpjwdp:

Pwbwgh pwnbp. |(wynwghw, hnhnigintu, hunbuuhynieiniu, dwnwugwlwunientu,
whpnwwaing, Jwpuwwnynieniu:
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CPABHUTEJIbHASI XAPAKTEPUCTUKA POCTA, PABBUTHUS U
®OPMHUPOBAHMS NPOAYKTUBHOCTHU HETEJIEN TOPOJI ®JIEK®U U
NKEPCEMCKOM B PECIYBJIMKE APIIAX

C.A. lllaxna3apsu, K.3. Hapumansn, M.C. CapyxaHsin

L hwunckui mexnono2udeckuti yHugepcumem

HccnenoBanusi mokasajid, 4YTO [0 HMHTEHCHMBHOCTH pOCTa B MEPUOA OT POXKACHUA [0
OIIOIOTBOPEHUS KUBOTHBIE MOpoabl (iiekdu mpeB3onuin kepceiickyro mopoay Ha 20,5%, a 1o
JKMBOI Macce - Ha 47,8%.

[To pe3ynpTaTaM nepBOi JaKTAllUU CPEAHUN yI0M MEepPBOTENIOK mopoas! (iekdu coctasua 3810
Kl 1pu kupHOcTU Mojoka 4,05%, a y mkepcelckol, cOOTBETCTBEHHO, - 2810 kr u 5,61%, t.e.
KUBOTHBIE TTOPOB! (hiekdu MpeB30HUIH JKepceiickyto Ha 34,6%. B To ke Bpems 1O coxepKaHHIO
MOJIOYHOTO KMPa OHU YCTYMHIIN IKEPCEeCcCKOor Ha 4,5 KT.

[TpruBO3HBIE HETENM OKa3alucCh Oosiee BOCHPUUMYMBBHI K KpOBEMapa3uTapHbIM 3a00JI€BaHUSAM,
0COOEHHO K MUPOTIa3MO3Yy.

[TosTOMy pekoMeHAyeTcs MPOBECTU 300TEXHHUYECKYIO U 3KOHOMUYECKYIO OLEHKY IPHUBO3HBIX
HOPOJ], YTO IMO3BOJUT BBISIBUTH MOTCHIMAIbHBIE BO3MOXHOCTH HPOAYKTUBHOCTH, OOYCIIOBJIEHHBIE
HaCJIEICTBEHHOCTHIO.

Knwuesvie cnoea: naxrauus, OCpEeMEHHOCTb, HWHTCHCHUBHOCTh,  HACJEICTBEHHOCTbD,
MIAPOILIA3MO3, YIOMHOCTbD.
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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 43°C and boiling point is 216°C. 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% w 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
o V107, The mass of ) f[InH]*10" Vv°.10° k,;10™ ky1'107
TK L. T, minute
mol/Ls essential oil, mg mol/l mol/Ls 1/mol.s 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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? Unemumym 600uwix npobnem u eudpomexnuxu umeny akademura M.B. Ezuaszaposa

PaboTa mocpsimeHa pa3padoTKe TEXHOJIOTHIA MPOU3BOJICTBA CPENICTB TI0 YXOIy 3a MOJOCTHIO PTa,
B YAaCTHOCTH, 3yOHBIX MAacT C HCIOJh30BAHMEM HCKIIOYHTEIBHO HATYPAJTbHBIX KOMIIOHEHTOB JUIS
JeYeHUsT IUHTH, TApOJOHTO3a, MApPOJOHTOMATHH, CTOMAaTUTa, TPUOKOBBIX  WHQEKIHUH,
BOCTIQJIUTENBHBIX MPOLIECCOB JECEH, YCTPAHEHUS HETPUATHOT'O 3araxa u3o0 pra.

WX MOXHO HCTIONIB30BaTh TAKXKE JJIsI TPUOKOBO-MUKPOOHOU JTe3MH(EKIINHU, YKPEIUICHUS IECEH U
npoHIAKTUKN Kapueca.
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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.

Conlflict 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.

Front Contact

NN
P-N BIBIBIE
Junction '

N-type

Sio P-type Back 1 solar cell several solar cells =
M S 1 solar panel (module)
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),
- opportunity 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%.
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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
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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

. . The cost of electricity produced
Cost of installed solar stat /W
Type of technology ost of installed solar station ($/W) ($/kWh)

2020 2030 2020 2030
Flat PV converter. 3.1 2 0.081 0.05589
Monocrystalline removable
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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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

minmax f(u,v), u={u,U,,...i,}, V="1V,V,,..,V,}
u 4

with restrictions

Hl.(u,v)= 0,i=12,..,m,
g,@&)z 0, j=m+Lm+2,...r,
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where f (u, 1_/) - is the objective function; u,v - 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 x,x,,...,x,

join in one group, the values of which is impossible to exclude from the corresponding constraints,
and in the other — the variables y,,y,,..., VysC15Cy5C35Cy s 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.

1

Lo Vars ={X. X X3 X Vi Vs Vg 665105064}

» q
2. Cons = {LE” <x,<U i=1p L) <5, <UY i=l.q g, (x)20 }

H(x)=0, x= {xl.xzqxs.....xg._}-'l..}-'2._}’3...._}'61‘01.02.03.04}

3. Do[Print[NMinimize[ { fTx;, %, %5, xp] , Cons }, Vars,
Method — “NalderMead”.”"RandomSeed” —»1}]].{1.1}]:

A

{1’ =l..m j=m+1., ri}

Y

4. f[xx, ? Numeric, xx, ? Numeric, xx, ? Numeric, ..., xx, ? Numeric]=
Module[ x; = xx, x, = xx, . 5 = 2% ..., X, =1, =
{ ( Calculated Vs ¥y ¥y )

if [Cons # True, { f:—lO_m; Goto[End] }];
(* Calculated  ¢,,¢,,¢;,¢, *)

17522

RO:NSOI&'B[HI(;)::O, Hl(;)::(), Ha(._r)::(), HA(;-)==O. { ¢.c,.0,,¢, 1]

12722

Replace[w rol: WO=NMaximize [{W.O Z=x<05& &0y < 1}]:

ST %2 %50 X, 1= O[] PRIt X X5 Xy X0 ¥ Yy en Vg, SIX %50 X0 X, 1
Label [End] }]
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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 fTx,,x,,...,x,], where x € E”] 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 f[x,,%,,...,X, ], THE Z={Y|, V500, 1,5C5Cy5C3,Cy
z

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 f[x,x,,...,x,] ), 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 f[x,,x,,...,x p] =-107".

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 2Lxb, hanging support on
the sides y=0 and y =5 and rigidly fixed at the edges x==L, under the influence of the internal

pressure q(y). It is assumed that on the site —a <x<a the staired shell has thickness of 4,, and on
the sites — L < x <—a and a < x < L - thickness 4, (fig. 1).

X

Fig. 1 Design scheme of the shell
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The task is to determine the optimal values of the parameters of a, A, h,, providing the
minimum value of the greatest deflection of the shell at constant weight, equal to the weight of the
shell of constant thickness /,, and given overall dimensions & =2L/b.

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 (p=1, 2), 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 (x>0) . According to the theory of very shallow shells, the problem [1]
is reduced to determining for each of the sections of the shell ( p=1 2) potential functions @ (x,y),

satisfying the equations

D/ hed 1 ot
ViVio +— "' =q, (p=1, 2 1
E p a4 (p ) (1
3
where: D7’ = 12(1"—"2)- stiffness of the constituent sections of the shell, £, and v, - elastic
-v
p
constants of materials,
g O o o o o

V= +4 +6 +4 + .
ox® ox°oy? ox*oy* ox*oy® oy

Expressions of shell displacements in terms of a potential function® , (p =1,2) are presented in

the form:

1 1[‘/ oo, 83@p]
p ’

u J— JE— —
" E,h, R " ax’  oxoy’
o’d o'd
vyt | S 0y, ) o, @)
E,h, R\ oy ox oy

1 (d'eo, d'o, _d'o,
IR R ae ot addy? |
p1p X 'y X ay

The internal forces of the shell are determined by the formulas:

TP :l 84CDP (p) :i84q)ﬁ
Y Rox*oy?’ YR ox*
4 2
(p):_llez EDG;, H(p)=—D(p)(l—Vp)Z gp, 3)
X xXoy
2 2
M(p) D(P) 0 Wp +v 0 Wp ,
X ax2 P 6:)}2

42



NATURAL SCIENCES

3 3
N — _p(r) %+ 0w, :—D(”)i(vzw )
ay p

oy’ ox’oy

The boundary conditions of the shell are written in the form:
e Hanging support on the sides y=0 and y=5

w, =0, u,=0, T =0, MP=0, (p=1,2), 4)

e symmetry on the line x=0

u=0, Mo s o NO =0, (5)
ox R oy
e terminations on the side x =L
u; =0, v =0, w, =0, %zo, (6)
Ox
e conjugation on the line x=a
Uy =Uy, Vi =V,, W =W, %:% T“) T(2) M(l) Mf,z),
ox  ox
) (&) M 2)
s g ATy on _ N® 4 oH (7)
R oy oy
Expanding the load function in a series:
()= ansind, v, 4y =ZI<1(y)Sin Apydy, A, = %,
1 0
solutions of equations (1) satisfying conditions (4) are represented in the form:
E h & q
L= (p) /1;” sin A y+2@ sind,y, (p=1,2) (8)
m=1 Y m=1

where

8
@, = ZCﬁ,ﬁ)ea”"lmx = Cl(,ﬁ)ea”‘ﬂ"’x +C( )e bty C( J“rhn 4 Cim)e ety
= )

(p) p5Am* 6% 7An% (p)  @pshmx
+CPle™ +C6me” +C e” +Cghle™

The coefficients «,, are the roots of the characteristic equation:

s 12(1-v?
(@ -1) +R(2T/14)a4 ~0. (10)

Substituting (8) into the equation (2), for function w, we get the following expressions:

Z D( )Sinlmy+2wpm sinA, y. (11)
m=l1 m=1
d*® d*®
where: W L — T+ @, =20, —|.
E, h dx dx
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(p)
By substituting (9) and (14) into conditions (4) - (7), the values of the coefficients Cin 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 , #,, at which the greatest deflections of

the structure, with a constant weight equal to the weight of the shell of constant thickness #,, and

given overall dimensions &=2L/b, reach the smallest value, is reduced to the following nonlinear

programming problem:
Find:
m}inmfxwp, )_c:{a,hl,h2 }, (p=1,2), (12)
with restrictions:
L(h, —hy)=alh, —h,), (13)
f/b<0.2, 0.016; < h <025, 0.015, < hy <0.26,. (14)

Here w, - 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 #,. 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,
6,=L—a when L-a<b, §,=b when L-a>b, 5, =2a when 2a<b, 5, =b when 2a>b.

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 ¢(y) =g, = Const when ho=h,/b=0.02, £=2L/b.
The optimal values of the parameters are calculated a = a/2L, h, = h, /b, h, = h, /b, providing

i U
p b4’

the smallest value of the greatest deflection maxv_v,, =w
p
k

(p=12) panels, where

Eh’

=—12(1 5y’ and the corresponding largest deflections in each of its sections. The results are
-V

0

shown in Table. In the same place, for comparison, the values of the reduced deflections wo are given
for an equilibrium plate of constant thickness 4, .

Table
Optimal parameters of a cylindrical panel
ho ¢ a h, h, 10°-W, | 10°-W, | 10°-Wq
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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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.

Conlflict 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.

ASANENE N NENENEN

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:

Cer (1)

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

Q.- consumed water amount (mln m’ /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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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.
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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:

e Network monitors

e Materials for cable system certifications
e (Cable scanners

e 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.
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Fig. 1 ZABBIX monitoring software package

The following features are characteristic to Zabbix:

v
v

ANENENENEN

AN

v
v
v

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 vl, 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].

8
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Fig. 2 Nagios monitoring sofware package
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The features of Nagios include:
v" Monitoring of network services (SMTP, HTTP, NNTP, ICMP, SNMP)
v" Monitoring of host resources (processor load, disk usage, system log) in network
operating systems
v" Remote monitoring supported through SSH or SSL encrypted tunnels.

v A simple plugin design that allows users to easily develop their own service checks
depending on needs (Fig. 3), by wusing their tools of choice (shell
scripts, C++, Perl, Ruby, Python, PHP, C#, etc.)

v" Parallelized service checks

[ XeNsl Host Overview nagioscommunity.org / HTTP
Woal= e 5+ ] € ntp:// 192.168.1.20/nagios /pnp./index.php?host = nag Kscormmasnity.org B Q- »

Host Overview
Service: DNS
24 Hours ( 10.01.08 12:34 - 11.01.08 12:34 ) 7. [ah

Service: DNS_2
24 Hours { 10.01.08 12:34 - 11.01.08 12

uuuuuuuu

Service: HTTP
24 Hours ( 10.01.08 12:34 - 11.01.08 12:34

Response Times nagiosc

ST

Fig. 3 Nagios operation

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

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

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

v’ 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:

v 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.

LU RS
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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
Network monitoring software
Criteria

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 + + -

SQLite, MySQL, Non-dynamic, non-expandable
Data storage method Pos?greSQL?]O?acle ’ database, SQIE) 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,

57


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)

easy

INFORMATION AND COMMUNICATION TECHNOLOGIES
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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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 thyme 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 X, and previous hidden state h._, to current hidden state h, and the output o,.
And hidden state has a predefined size and stores features which are updated on each step and affect
the final result of mapping.

®
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(x)

® ® ®
-G
& & @

Fig. 1 Unrolled Recurrent Neural Network
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More rigorously, the current state formula is:
he = flhe—1, %) (1)
and with the activation function it looks like:

h’f‘ = tﬂ,’]‘lh{:I’th hr—l + H"Fh.r xr::' (2)

where W;,;, is the weight at the previous hidden state and W}, is the weight at the current hidden state
and x, 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.

ii‘ = ET{I-L;E [hr_l,x,] + b:} (3)
CE‘ = tallll{:.["t;f [hr_ljx,] + bf} (4)
Forget gate makes the decision on which block to ignore from the memory.

fo = o(Wr [heop ] + by) 5)

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

Oy = Ii-'_{:H-"Fp [hz-—j_:xr] + bﬂ} (6)
h. = o, * tanh(C,) Q)

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.

L{_}-‘J _}’p,.ﬂd} = —Xy;loglog (}’pradf) (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:
Pick the last word/phrase of the last line - “find you”
Reverse it - “you find”
Generate the line - “you find can I pin the send just you”
From the original selected phrase (find you), generate set of possible rhymes
Pick the desired rhyme - undo
(Optional for single tokens) Reverse it - undo
Generate the second line - undo can’t we things some about talk
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.

e I A o

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:
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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 rthyme (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: CO3JJAHUE TEKCTOB IIECEH C
HNCIIOJIb30BAHUEM METOJA OBPATHBIX PUOM

A.T'. 3akapsan

HUncmumym npobrem ungpopmamuxu u asmomamuzayuu HAH PA

B sT0ii paboTe MBI ONMUCHIBAEM METOJ CO3JaHHs TEKCTOB IeceH B 0OpaTHOM mopsaake. Mbl
MpeACTaBIsieM BaM pa3paboTanHyro Hamu nporpammy RhymeFinder, koTopas renepupyer pudmbl
JUIsL JAHHOTO cJioBa WM (pa3bl HA OCHOBE OOJIBIIUX M HAJECKHBIX BXOIHBIX JAHHBIX U PAHKUPYET
NOTEeHLMalbHble pU(GMBI Ha OCHOBE BCTPOEHHOTO CpeICTBa MpoBepku KadectBa pudm. Ilocre
HAaXO0XJICHUS MOIX0aimux pudM oH ucrnoib3yeT LSTM a1t co3gaHust TEKCTOB B 0OpaTHOM TOPSJIKE,
MOKa3bIBasi TEM CaMbIM HEKOTOPbIE MHOTOOOCIIAIOIINE PE3yIbTaThl, 00y4asch TOIBKO Ha HEOOIbIIOM
BBIOOPKE JIaHHBIX C OTPAHUYCHHBIMU PECYPCaAMHU.
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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:

v" 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.

v' 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.

v 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

67



ECONOMICS
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 % 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]
Water . .
productivity Citizens using at
Annual freshwater production GDP / water least basic dr{nklng
water services
Flows per use
billion cubic
meter = N c\i =
2 I3 > 2 ° 9
s |E,| £| £ |53 288 |5z |z2¢
3 E > = = g £ = - B [ = S
s £ |2 5 S 2 S o = £ = = = =
S e|%s 3 2| E S 2| S8 £ =2 | 5§ 2
= 3 2| =& - = = - = 2 =3 =
ZE|IXe|2¥ & |fE| &88 | KR8 | KLE
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
Bast Asia and Pacific 10,106.10 64 | 22 14 18 97.5 | 85.9
region
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 13,867.70 . . 76 | o 15 18 992 | 873
Caribbean
Middle East and North 2313 . L2 | o3 44 13 97 87.3
Africa
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 81.9 438
Middle-income 8,675.90 . . . . . 4 94 84.7
countries
Middle-income 20,737.70 . . 6 | 0 13 15 98.1 | 872
countries
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 10" 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%.
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Table 2
Classification of the best and worst countries in terms of total freshwater
flows (billion cubic meters) [5]

rxztci;vit Citizens using at
Annual freshwater production P least basic drinking
y, GDP / .
water services
water use
Flows per
billion cubic E G 5
meter g 2“ . % 5
<9 = = °\>h> = e g
= = = £ | £ | gE S5 | 75
s e 3 2 1z e » 2 2 2 =~ .S
= R o =] 2 & -5 = =8 - S
S - B < £ = & s @ = = = =
= ° 2 = . = = = = S = S =
2 X 2 = S | S 2| 88 | 88| L8
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 1,446.0 647.5 448 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 0.2 28 186670 .. 2 . 154
Emirates
Barbados 0.1 0.1 87.5 . 8 . 66
St. Vincent and 0.1 0 7.9 0 0 100 94
Grenadines
Malta: 0.1 0 44 4 64 2 34 307 100 100
Antigua and
.1 . 1 22
Barbuda 0 0 8.5 6 63 308
Qatar 0.1 0.2 387.5 . 2 . 700
Saint Kitts and 0 0 513 1 0 99 71
INevis
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
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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]
Water Citizens using at
. roductivity, least basic
Annual freshwater production pGDP /wate);' drinking water
Flows per use services
billion cubic
meter . - 2 e\; = 3

s E g | B 2| g5 |E€ | 5€

£5|S5| E| B |22 | =fs |25 | <3
=% | ° 2| =& = o = - = 2 ° = ° 2
Ee|egled| & |2 | 858 [ 2|88

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 43 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 424 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 2464 | 164 .

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]
Water Citizens using at
Annual freshwater production productivity, ?eas‘t basic
Flows per GDP / water drlnklng water
billion use services
cubic - < °\i .
g .| | 25238 |55z
ce|EE| 2| 2 |22 E-E |55 | 23
§5|S5| 2| E |28 52 |<3| <%
—ER @ [ — = - = e =7 [=¥
ZE|[S2|e¥ & || S8 |23
2014 2014 | 2014 | 2015 | 2014 | 2015 2015 2018 2018
1 2 3 4 5 6 7 8 9 10
Afghanistan 472 1 95.9 57.3
Andorra 0.3 . . . . . . 100 100
Armenia 6.9 33 429 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 4.2 494 3 . . 9 83.3 88.4
Slovakia 12.6 0.6 44 4 49 46 194 99.6 100
South Sudan 26 0.7 2.5 36 34 29 11 64.8 349
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
?Of;;“f;for landlocked 456 | 51 | 86.6 | 50.6 | 19.6 | 23.0 71.7 919 | 742
Landlocked countries only 1914.7 | 1674 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]
Water Citizens using at
Annual freshwater production productivity, least basic
GDP / water | drinking water
Flows use services
per
billion
cubic . = ° e\; =
@ = = = = @2 = o~ E ; = E =
55|53 E| E| 28] =5 <ZE | %2
= < e 3 s ) = = ; = % ﬁ e g‘ e %
S E | SL | =2 | & | £ QB o X a | &
2014 | 2014 | 2014 | 2015 | 2014 | 2015 2015 2018 | 2018
IArmenia 6.9 3.3 429 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
LLithuania 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
IAverage 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 47154 | 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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Cwdwotuwphwjphu pwulyh Ynndhg suwynpywd gnigwuhubph dhotipypwihtu L wnunbuwywu
dhnigyniuuiph nu fudpwynpnudutipph hwdbdwunniginiup - Jywynwd £ npwugnd  nbin  gunwéd
ptipnuyejniuubph  dwupu, npnug stiqnpwgnudp  wnwohwynud wbiwp £ nwnuw wyn Gpypubpp
Ywnwywpniginiuutiph Ynndhg opwihtu ntunwpuutiph juwnwdwpdwt pwpbjuydwt wnwplwu: Un
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AX. MapKOCﬂHI’Z, 9.H. MaTesocsml, C.O. TOKM&II)KHHI, J.B. ABaHecsin’
'Epesanckuii 2ocyoapcmeennuiii ynusepcumem
*[Iywiunckuii mexnonoeuueckuii ynugepcumen

[Ipecnast Boga - OJMH M3 BaXXHEMIIMX NPUPOAHBIX PECYPCOB HA IUIAHETE 3eMIIs, KOTOPBII
HEOOXO/IUM 4YeJIOBEKY JJISi OCYLIECTBICHHS CBOEH XO3SHCTBEHHOM NEATENbHOCTH M, B OTJIMYHME OT
MHOTHX JPYTHX PECYpCOB, HE MMEET AJbTEPHATUBBL. JTO OOCTOATENHCTBO JIENAET MPECHYIO BOAY,
NOXallyld, BaKHEHIIUM HE3aMEHHMBIM MPHUPOJHBIM PECYpPCOM, OMPEACISIONMM 00pa3 KHU3HH
YelloBeYeCTBa KaK B HACTOSIIEM, Tak M B OynymieM. M3-3a 3arps3Henus Boa MupoBoro oxeasa, a
TaK)Ke IMOTEIUIEHUS KJIUMaTa, ¢ OJHOM CTOPOHBI, M pPOCTa YUCICHHOCTH HACEJICHUs IUIAHEThl W
YBEJIMYEHUSI MacIiTabOB MUPOBOW 3KOHOMHUKH, C APYTroil CTOPOHBI, BO3POC CIPOC HAa MPECHYIO BOIY
KaK B OT/IEJIbHBIX PETMOHAX, TAK U B KOHKPETHBIX CTPAHAX.

Bmecte ¢ Tem, B HacTosiee BpeMs B OTIEIbHBIX IKOHOMUYECKUX COI03aX U IPYNIHPOBKAX
CTpaH BO3HMKJIM OTJIMYAIOUIMECs] ApPYyr OT JApyra CHUTyalluM C HPOAYKTUBHOCTBIO BOJBI M C
BOJIOCHA0KEHHEM CEIIbCKOTO U TOPOACKOTO HACEICHUSI.

CpaBHeHne c@opMHUpOBaHHBIX BcemupHbIM OaHKOM IOKa3aTeneil 1Mo MpecHoil Boje
CPEIN3EMHOMOPCKUX JKOHOMUYECKHX COH30B M TPYNIHUPOBOK CBHUJETEIBCTBYET O HENOCTATKAaX,
yCTpaHEHHE KOTOpBIX B Onmkaifliee BpeMsi JOJDKHO CTaTh MPEAMETOM YIIYYILEHUS YIpaBIECHUS
BOJHBIMH PECYPCAMH CO CTOPOHBI PABUTENIBCTB 3THX CTPaH.

C 5TOH 1eNbI0 aBTOPHI CTAThU M3YYMJIM MOKAa3aTeNin cTpaH EBpocoro3a, He MMEIOIIMX BBIXOJA K
Mopro U cTpan ObiBiiero CCCP, paznuuaromuxcst o BEIMYUHE OOIIHUX TOTOKOB MPECHOMN BOJIBI.

Knroueevle cnosa: mipecHas Boja, oOUIMH TMOTOK MPECHOW BOJBI, MPOAYKTHBHOCTH BOJBI,
BOJIOCHA0KEHHE CEIBCKOTO U TOPOJACKOTO HACEICHHUS, YIyUIlIEHUE YIPaBICHUs BOJHBIMU PECYPCaMHU.
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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/cm’ zero tillage is
carried out and at a density of 1,1g/cm’-1.3g/cm’ - 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 ¢/
ha of grain [4, 5, §].
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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/cm”.
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 N,-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. N,-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 N,-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
N,-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, a 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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HEPI'OCBEPET'AIOIIMUE TEXHOJIOTHX 1 OCOBEHHOCTH
OBPABOTKMH ITIOYBbI HA CKIIOHAX

II.A. Tonanersn', IL¥O. Facnapsmz, A.IL Touanersn', K.A. l“plzlropsm2
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B crartbe mpoaHaNM3UPOBaHBI OCOOEHHOCTH DJHEProcOEperaronux TEXHOJIOTHH 00paboTKH
MOYBBI Ha CKIIOHAX, 000CHOBAHBI MPEHMYILECTBA TEXHOJIOTUH MUHUMAIILHOW 00Pa0OTKH.

Jns MUHHMadbHOH OOpaOOTKM TOYBBI Ha CKJIOHAaX B TOPHBIX YCIOBHAX, MpEIIaraercs
MMPUMCHUTH HOBBIC TMCPCICKTUBHELIC TEXHOJIOTUHU MEXaHUYECKOU 06pa6OTKI/I IIOYBbI n
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YBCIUYMUBACTCA KOJIMYCCTBO HAKOIIJICHHBIX B Heu 0CaJKOB, YMCHBIIACTCA MCIIAPpCHUC BJIATH,
TIOBBIIIAETCS TUIOAOPOANE M CHUKAIOTCS DHEPTO3aTPaThl.
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TPEBOBAHUSA K O®POPMJIEHUIO CTATBU

®opmar crpanullsl - A4, moss - 18 MM (crpaBa, ciieBa, CBEpXy, CHU3Y).

S3pik crathbu - aHmmiickui, mpudT: Times New Roman, anHOTanmMHM: apMSHCKHHA -
(Unicode/GHEA Grapalat), pycckuii - (Times New Roman). MexaycTpouHblii HHTEpBal -
1,15.

B mpaBom BepxHeM yriy CTpaHHWIIBI, 3arjaBHbIMH OykBamu, mpudTom 11 bold mnumercs
pyopuxka. s U3sectuit 310: AGRICULTURE, ARCHITECTURE AND CONSTRUCTION,
ECONOMICS, INFORMATION AND COMMUNICATION TECHNOLOGIES,
MACHINE INDUSTRY AND LOGISTICS, NATURAL SCIENCES, WATER SYSTEMS.
B neBom yrny ciemyromed cTpoku npoctasisgercs uHiaeke Y/IK (MUHUMYM II€CTH3HAa4YyHOE
4uCio), pazmep mpudra 11.

B cepeaune cnemyromieil CTpOKHM 3arjiaBHBIMH OyKBaMH THIIETCS Ha3BaHUE CTaTbH, pa3Mep
mpudTa - 14 bold.

JIBe ctpoku Humxe, cupaBa, mpudtom 11 bold mumyrcs maunmanser UMenn (npu kelnaHuu -
OtuectBa) n ®amums aBTopa.

Ha crnenyromeli ctpoke, cripaBa, MUIIETCS HA3BaHUE OpraHU3aIuy, pasmep mpudTta - 11.

Ha cnenyromeit cTpoke, cripaBa, MUIIETCS apec OpraHu3auu, pasmep mpudta - 11.

B cnyuae mpencraBieHHs CTaTbM JBYMSI OpraHU3alMsMHU, MYHKTbl 7 W 8 TOBTOPSIIOTCSA CO
CIEAYIOLIEH CTPOKH.

Ha crnenyromeit cTpoke, cripaBa, MUIIETCS aapec 3JIESKTPOHHOM MOYTHI aBTOpa, pa3mep mpudTa -
11.

. Ha cnenyromeii crpoxke, ciipasa, numiercst ORCID aBTopa, pazmep mpudra - 11.
12.

Ha cnenyromeil crpoke, cmpaBa NMIIETCS Ha3BaHUE TIOCYNApCTBA, TPAKAAHUHOM KOTOPOIO
SBIISICTCS aBTOP, pa3mep mpudTa - 11.

JIBe CTpOKHM HMKE, B TOM XK€ MOPSIIKE, MULIYTCS JaHHbBIE IPYTUX aBTOPOB, €CJIM OHU €CTh.

JlBe CTpOKHM HWKe, MUIIETCS aHHOTanus crtatbu (Abstract), pasmep mpudra - 12. Crnoso
Abstract numercs mpudrom 12 bold.

JIBe cTpoku HMXKe, ¢ pasmepoMm mpudra 12 mumryres kitoyeBsie cioBa (Key words). Cnosa «Key

words» iiytcst KypcuBoM (Italic), pazmep mpudta - 12 bold.

JIBe CTpOKM HMXe, C pasMepoM IpudTa 12, MUIIETCS TEKCT CTaTbH, KOTOPBIH 0053aTENBHO
JOJDKEH uMeTh cienytomue paszaensl: Introduction, Conflict setting, Research results,
Conclusion. CraTbsi MOKET BKJIIOUATh U APYTUe pas3zieisl, B yacTHocTH, Materials and methods,
Experimental procedures, Discussion u 1.1. HazBanus pasnenoB numrytes mpudTom 12 bold ¢
orctynom 10 mM. Co crenyromeid CTpoku, ¢ oTcTynoM 10 MM IUIIETCS TEKCT pasneiia, pa3Mep
mpudTa - 12. Kakapiit pa3aen HaunHaeTcs IByMs CTPOKaMHU HIKE TIPEIBIIYIIETO.

®opmynbl npeacTaBisaoTes 1o nporpamvme MathType, oTnenbHOM CTPOKOW, MOCEpEANHE U
IPOHYMEPOBBIBAIOTCS B MMPABOIl YaCTH, B CKOOKaX.

B Tekcte Moryr ObITh pPUCYHKHM, rpaduku U TaOuuibl. PUCYHKHM M Tpaduku HyMepyroTcs
CKBO3HOW HyMepainued mo oOpasmy - "Puc.

"

Wx wnazBanms numyrcs mpudrtom 11 bold
Mocepe/INHe, BHU3Y PUCYHKOB (TpaduKoOB), ¢ yKazaHUEeM crnepenu Pue. U mopsakoBOro Homepa
pucynka (rpaduxka). [log HazBaHueM, MOcepeAMHE, MOTYT OBITh HAIMCAHBI COOTBETCTBYIOIIHE
o0bscHeHus, pazmep mpudTa - 10. Tabmuipl HyMEpyIOTCS CKBO3HOH HyMepalueu 1mo oopasiy -
"Tab.". Wx wnazBanusa numytcs mpudtom 11 bold, mocepenune - Ham Tabiuiei, a Hax
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19.

20.

21.
22.
23.

24.
25.
26.

27.

Ha3BaHUeM - cripasa, mpudrom 11 bold nmumercs "Tadauua u MopsaIKoBBI HOMEP TAOIUIIB".
3anucu B TaOauUIe TPOU3BOAATCS pazMepom mpudTa 10, (mpu HeoOXoAMMOCTH - pa3Mep mpudTa
9).

B kxoHue craThu, IBEe CTPOKM HIKE TPEACTABISETCS CIHUCOK HCIOJIb30BAaHHOW JHUTEPaTypbl
(References), mpoHyMEpOBaHHBIN MO MOCJIECIOBATEIHFHOCTH CCHUIOK. MICTOUHUKYM MPUBOIATCS T10
obpa3sity [..]. Cceiiku Ha craThu BiouatoT Gamumnmro, naummansl Mmenn n OtdectBa aBTopa (-
OB), Ha3BaHHWE CTAaThH, I'0Jl MU3JIaHHUS CTaThM B CKOOKaX. 3aTeM CTaBUTCA 3HaK "//" W mumercs
HA3BaHME KypHAJIa, TOPOJI, HOMEP M3/IaHus, CTPAHUIIBL. A B Cilydae KHUT U MOHorpaduwuii - ob1ee
KOJIMYECTBO CTPaHUIl. VICTOYHHMKHU MPEACTaBISIOTCS B OPUTMHAIBHON BEPCHU W B TEPEBOJC Ha
AQHTTIUUCKUN S3bIK (IIPEICTABIISIOTCS JIBAa CIIMCKA JUTEPATyphl, 32 UCKIIOUYECHUEM CIy4aeB, KOTaa
BCE CCBUIKM JENAIOTCs Ha MaTepHalibl, ONyOIMKOBAaHHbBIE HA aHTJIMHCKOM SI3BIKE).

Ha otnenpHON cTpaHulle NMPUBOAATCA aHHOTAIMU CTAaThU HAa apMSHCKOM M PYCCKOM SI3bIKax.
[lepeBox aHHOTAIUi cTaTrel, TMPEACTABISIEMBIX W3-3a pyOexka, MNpu HEOOXOJAUMOCTH
OCYIIECTBIISIET peAaklus >KypHajga. ApPMSHCKHN BapuaHT aHHOTalUuW npezacrasiasercs 11
mpudToM, pycckuil - 12 mpudrtom. K anHOTanmm mpuiararoTcst KIIOYEBHIE CIOBAa Ha TOM JKe
SI3BIKE.

Ha oraenbHO# cTpaHMIle MPUBOIATCS NaHHBIE 00 aBTOpe (-ax): NOJKHOCTb, Tele(OH, ydeHas
CTETIeHb, YUEHOE 3BaHUE, aJJPEC SJCKTPOHHOH IMOYTHI.

Cratbu npecTaBisIroTcs 1o aapecy info@bulletin.am.

[ToMHUMO aHTIUMKCKON BEPCUHU, aBTOP TAKXKE MPEACTABISECT apMSHCKUM WM PYCCKUUA BapUAHT
cTaThu (32 HWCKIIOYEHHEM CcTaTed wu3-3a pyOexka). B aHHOTammu mocie Ha3BaHUS CTaThbU
npuBoAsATCs uHUIMAIE IMenn aBTopa (-oB), OtuecTBa 1 @amumnus (-un).

Crarbu IPOBEPSIOTCS HA IJIaTrHar.

ABTOp HECET MOJIHYIO OTBETCTBEHHOCTH 3a MyOIMKaINI0 KOH(PHUASHIINATLHON HH(POpMAIUH.
Crarbss peKOMEHAYEeTCsl K ITyOJUKAUHU PEJAKIMOHHBIM COBETOM II0 PEKOMEHIAINHU 4ieHa
PENaKIMOHHOTO COBETa WJIM HAa OCHOBAaHMHU €ro peueH3uu. PereHsus OOoKHA coaepxkarb
3aKIIFOYEHUE O HAYyYHOU HOBU3HE.

Crarbu, NOTYYHUBIINE OTPULIATENIBHOE 3aKII0UEHHE, HE TIOJIeKAT MyOIUKAIK B KypHAJIE.
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COJEP)KAHUE

Kommexc ArpOTCXHUYCCKUX MepOHpI/I}ITI/If/’I 110 BO3ACJIBIBAHUIO I'paHaTa u
BO3MOKHOCTH MTPUMCHCHHA MCIIMOPAHTOB B paBHHHHOfI 30HC MapTaKepTa

HccnenoBanne HOBOIO KOMILIEKCHOTO Iperapara Ha OCHOBE BUHHOW KHCJIOTHI
AJId aKTUBAallUKU poCTa paCTeHI/Iﬁ

CpaBHuUTeNbHAs XapaKTEPUCTHKA POCTa, PA3BUTHS U (OPMUPOBAHUS
NPOIYKTUBHOCTH HeTenel nopos ¢giexdu u mrepceiickoii B PecrryOnuke
Apuax

TeXHOIOTHS IPOU3BOACTBA AC3MH(PHUIUPYIONIUX U 00€300IMBAIOIINX 3YOHBIX
MacT C UCTIOJIH30BAHUEM HATYPAJTBHBIX KOMIIOHCHTOB

AJ'H:TCpHaTI/IBHaH OHCPTCTHUKA: CpaBHI/ITeJ'IBHBIf/’I aHaJIM3 COJTHCYHBIX ITNIOCKHX H
KOHIOCHTPATOPHBIX (bOTOC)HCTKpI/I‘-IeCKI/IX MmaHeaeH

[IprMeHeHne METOJa HTEPATHBHOTO TIOIIATOBOT0 YMEHBIIEHHUS /IS PEIICHIS
3aJ1a4i ONTUMABHOTO MPOCKTUPOBAHHUS IIMJIHHIPUICCKOM MIaTHOPMBI ITPH e¢
n3ruoe

Hpo6neM51 OLICHKU YTCUYCK B CCTU BO,Z[OCHa6)KeHI/I$I

CpaBHUTENBHBINA aHAIN3 CUCTEM MOHUTOPHUHTA KOMITBIOTEPHBIX CETEH

Rhyme Finder: Co3nanue TEKCTOB MeceH ¢ UCIOIb30BaHUEM METO/1a OOpaTHBIX
pupm

3amacel HpeCHOﬁ BOJbI U OCHOBHBIC MOKA3aTCJIN UX UCIIOJIL30BAHUA B MHUPC

DHeprocOeperammue TEXHOJIOTHN U 0COOCHHOCTH 00paObO0TKY IMMOYBHI HA
CKJIOHAx
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