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HIGHER REDUCTION IN MAIZE CEREALS ON GRAIN
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ABSTRACT
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The fertilizer system has the greatest impact on the formation of the future corn grain crop. Optimization of
nutrition of maize plants, namely the use during the growing season of modern biologicals and trace elements
contributes to the increase of corn grain yield. Carrying out foliar application of a tank mix of the microbiological
preparation Azotofit in the rate of application of 0,5 I/ha and microfertilizer Quantum-Cereals with a standard
consumption of 1,0 I/ha in the period of 3-5 leaves of corn, will allow to obtain the yield of corn seeds at the level
of 8,73-9,47 t/ha, and the addition to the control will be 0,57-0,77 t/ha.

Keywords: Agrocenoses, technology, corn grain, biologicals, microfertilizers, yield.

Formulation of the problem. Corn (species Zea
maus L.) is a crop of versatile use and high yield. At-
tention to the production of corn grain, as one of the
main crops of modern world agriculture, due to the
wide range of its use, as it is an important component
of agricultural production in Ukraine.

There is a tendency in the world to increase the
production of corn grain. Over the past 16 years, pro-
duction has almost doubled - from 600 to 1100 million
tons [3]. Currently in Ukraine, corn is grown on an area
of 4.3 million hectares and ranks third in terms of sown
area. In general, the potential of maize hybrids is not
fully realized, and therefore the need to improve exist-
ing technologies is growing. for the introduction of new
maize hybrids included in the Register of Plant Varie-
ties of Ukraine [2].

Corn belongs to crops with high productivity po-
tential, sales which depends on fertilizers and hybrids
adapted to the conditions of the region of cultivation
and climate change and able to generate high vyields.
Many farms receive 9-10 t / ha and more, including in
new areas of corn sowing (Polissya of Ukraine). In
some regions of Ukraine the yield is 5,5-6,0 t/ha.

Of the total world production of corn grain, 60%
is used for livestock feed; more than 25% - for food -
for the preparation of flour, cereals, cereals, canned
food, confectionery; about 15% - for industrial pro-
cessing - for the production of oil, starch, molasses, al-
cohol, glucose, sugar, etc [16]. High-calorie corn grain
(in 100 g - 97 kcal); contains a lot of carbohydrates, fi-
ber, protein, a large number of vitamins group B, vita-
min E, potassium, phosphorus, magnesium, iron, zinc.
Carbohydrates contained in corn provide the body with
energy [10].

Recently, organic fertilizers are applied in very
small quantities, and nitrogen fertilizers are applied ni-
trogen, phosphorus and potassium. However, these el-
ements cannot fully compensate for the need of plants
for nutrients. Increasingly, plants are beginning to show
signs of micronutrient starvation, ie lack of the element
which requires only a few grams per hectare, and this
offsets all the efforts of the agronomist and the invest-
ment of the owner [9].

Improving the technology of growing corn for
grain is an extremely important task, because in the cur-
rent economic conditions, cheaper grain production and
increase the profitability of its cultivation is possible
only in case of introduction of new agrotechnical recep-
tions which do not provide big expenses. It is known
that the most valuable of the elements of technologies
for growing crops are measures tillage and fertilizer ap-
plication, the latter and especially in modern conditions
farming, when soils are depleted of nutrients, is the
most effective factor in increasing yields. Therefore,
optimizing plant nutrition on a regular basis resource
conservation, namely the use during the growing sea-
son of modern biological products and trace elements
has significant prospects for widespread implementa-
tion.

Analysis of recent research and publications.
There is an urgent need in Ukraine to increase the pro-
duction of corn grain. All this stimulates the increase of
sown areas and the improvement of cultivation technol-
ogy [12].

Corn belongs to crops with high productivity po-
tential, sales which depends on a number of factors, the
most decisive of which are fertilizers and selection of
hybrids adapted to the conditions of the region of culti-
vation and climate change and capable to form a high
yield, stable over the years. Technological capabilities,
modern hybrids and natural conditions make it possible
to obtain grain yields at the level of world indicators
(about 10,5 t/ha).

The use of microfertilizers and biological products
in crop production is an integral part modern agricul-
tural technologies, as they are important components in
the system balanced plant nutrition. These drugs can
significantly increase resistance plants to adverse
weather conditions, diseases and pests of crops, in-
crease yields and product quality.

A number of authors note that in the last century
the main source of recovery trace elements were or-
ganic fertilizers, the application of which is currently
greatly reduced due to decline of the livestock industry.
Therefore, today the problem of deficit is acute trace
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elements in the soil. The main way to solve this prob-
lem is the use of microfertilizers [4, 5].

In the process of growth and development of cul-
tivated plants it is important to receive them throughout
the growing season, not only the basic nutrients, but
also trace elements contained in plants in amounts less
than one hundredth of a percent.

Now the market for microfertilizers is developing
rapidly. According to international experts market
growth will be 5,5% annually and in 2017 will amount
to 1236,5 thousand tons. Another 10 years therefore,
the use of microfertilizers was considered as additional
fertilization. Many do not include trace elements in the
law of dependence of the crop on the lack of an element
whose content in the soil is in maximum shortage. Fac-
tors that limit the yield were considered humidity,
NPK, solar radiation activity, soil acidity. Due to the
numerous vegetation and field research has proved the
importance of all possible nutrients. Now the use of mi-
crofertilizers is part of the main system of crop fertili-
zation [7].

Itis established that plants absorb only a small part
of microelements from the soil, which are in a movable
easily accessible form, and fixed gross reserves of trace
elements may be available to plants after undergoing
complex microbiological processes in soils with the
participation of humic acids and root secretions. There-
fore, the gross content of trace elements does not reflect
the real picture of providing plants with trace elements
[4].

The role of trace elements in the plant is multifac-
eted. They intensify the activities of many enzymes that
increase the germination energy of seeds, reduce plant
morbidity bacterial and fungal diseases. In addition,
trace elements accelerate development of crops, their
maturation, increase the resistance of plants to lack of
moisture and low temperatures and absorption of nitro-
gen, phosphorus and potassium from the soil. The use
of trace elements in agricultural production is based not
only on their need for individual crops, but to a greater
extent on the content of trace elements in the soil a it is
on the insufficient number of forms available to plants.
Positive effect on plants trace elements is also due to
the fact that they participate in the oxidative regenera-
tive processes of carbohydrates in the environment. Un-
der the influence trace elements in the leaves increases
the composition of chlorophyll, improves photosynthe-
sis, increases the assimilative effect of the plant [11],
improves plant respiration, increases them resistance to
diseases, etc.

Traditionally, this culture is considered an "indi-
cator" of the content of trace elements in the soil. Maize
is sensitive to their use, especially zinc (Zn), manga-
nese (Mn), copper (Cu) and boron (B). Lack of which
inhibits plant growth and development, reduces
productivity culture. Zinc (Zn) is involved in nitrogen
metabolism, promotes amino acid synthesis trypto-
phan, which acts as a regulator of plant growth. Zinc is
also an enzyme systems that regulate carbohydrate, fat,
phosphorus metabolism and biosynthesis of vitamins.
Application of high doses of phosphorus and potas-
sium, lime fertilizers, low temperature soil, its compac-
tion, low organic matter content, high phosphorus (P)

content, calcium (Ca), magnesium (Mg) or copper (Cu)
in it reduces the availability of zinc for plants.

Therefore, the technology of growing crops has
long been involve the use of various trace elements,
taking into account their content in the soil, as well tak-
ing into account the sortogenetic features of the culti-
vated plants themselves and, of course, the method in-
troduction of these trace elements. Lack of micronutri-
ents for plant nutrition is eliminated in different ways:
by introducing into the soil modern macrofertilizers
produced on the basis of natural raw materials that con-
tain impurities of trace elements; application of micro-
fertilizers to seeds or vegetative organs of plants [15].

In general, the use of microfertilizers is an im-
portant component of an effective system balanced nu-
trition of crop plants with a full set of elements [1, 6].

Important elements of agricultural technology in-
clude the rational use of fertilizers, growth regulators,
biological products.

The biological system in the conditions of agroce-
noses is subject to the action of both natural and anthro-
pogenic factors in the form of various agricultural
measures that change one or another to some extent soil
ecosystems. One of the tasks of modern agriculture is
the fuller use of nitrogen-fixing and phosphate-mobi-
lizing ability of microorganisms. It now exists a lot of
scientific work to study the problems of symbiotic and
associative nitrogen fixation, phosphate and potassium
mobilization. Pre-sowing inoculation of seeds with bi-
ological products, based on selected nitrogen-fixing
and phosphate-mobilizing microorganisms, helps to in-
crease productivity of crops by 10-30%. An important
role among them play microbiological drugs to enhance
nitrogen fixation from the air and mobilization phos-
phorus compounds in the soil, because due to this the
cost of mineral fertilizers decreases and increases the
realization of the genetic potential of plants.

In recent years in Ukraine considerable attention
is paid to the scientific substantiation of effective appli-
cation in technologies of cultivation of agricultural
crops. biologicals of various spectrum of action, includ-
ing phosphate-mobilizing. Pre-sowing inoculation of
seeds with microbial preparations is an effective, eco-
logically safe means improving the conditions of min-
eral nutrition, growth and development of plants, phy-
tosanitary condition of crops, increasing the productiv-
ity of crops [8].

The use of rhizosphere microorganisms for the fix-
ation of biological nitrogen from the atmosphere by di-
azotrophic bacteria in the cultivation of crops is of par-
ticular importance for overcoming nitrogen deficiency
in plant nutrition, increasing the efficiency of arable
land use, increasing soil fertility, reducing money the
cost of purchasing synthetic fertilizers, etc. Biologiza-
tion of the crop industry provides an environmentally
friendly, economically reasonable amount high-quality
plant products, strengthens the ecological sustainability
of agricultural landscapes, contributes to the preserva-
tion of soil fertility.

In recent years, significant progress has been made
in the development of biological products based on as-
sociative microorganisms of complex action. Microor-
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ganisms included in the composition biological prod-
ucts capable of performing a number of functions that
increase crop yields.

When growing corn, it is advisable to use agricul-
tural techniques, including bacterization of seeds and
surface treatment of plants during the growing season
in the phase of 7-9 leaves Polymyxobacterin - a plant
growth stimulant, the bioagent of which is the phos-
phate-mobilizing bacteria Paenibacillus polymyxa KB,
which affects the strengthening assimilation of phos-
phorus by plants and contributes to the increase of its
content in the leaf-stem mass and grain of corn and, as
a consequence, increases the removal of this element
with the yield of the crop, which indicates an increase
in the efficiency of phosphorus nutrition of corn plants.
At the present stage of development of agriculture the
direction of researches acquires urgency soil microbio-
logical processes, where soil microorganisms are an
important component of the biological cycle of sub-
stances. The study of soil biological activity allows sci-
entists more widely understand and identify patterns in
the processes of conversion of organic matter, given the
anthropogenic impact on soil and its properties [14].

Therefore, the use of trace elements and microbi-
ological preparations of plants is an integral part of in-
tensive technologies for growing corn due to which it
is possible to increase gross grain production, increase
profitability and improve the economic condition of ag-
ricultural production.

The purpose of the study is to scientifically sub-
stantiate the impact of the use of biological products
and microfertilizers on the productivity of corn on
grain.

Presenting main material.

Modern fertilizers for foliar feeding are fertilizers
with a high degree of grinding, low humidity, trace el-
ements in chelated form, stabilizers, adjuvants (adhe-
sives).

When choosing a sheet fertilizer, you should pay
attention to its composition. Simpler fertilizers have a
rather poor chemical composition, a low degree of pu-
rity, quite low solubility and poor wettability of the
sheet surface. After their use, salt leaves may appear on
the leaves of cultivated plants, in particular corn. Using
them justified only on cultures of the extensive type,
when under any circumstances it is not possible expect
to get a very large harvest, but still have to provide
plants with the appropriate element.

One of the most effective forms of fertilizers is the
chelated form, which provides stability in solution and
a high degree of absorption by plants. Sometimes a
cheaper form of complexones (organic acid complexes)
is used instead of chelates. Such compounds are less
stable and slightly less digestible, but in many cases can
help adjust plant nutrition. The latest developments are
polymer chelate complexes and compounds based on
amino acids. These substances practically do not lose
efficiency at processings at very low or very high tem-
peratures, besides, high degree of purity of connections
provides their greater efficiency.

In this context, it is becoming increasingly im-
portant to study the effects of highly effective poly-

meric chelated fertilizers, biologicals, growth regula-
tors, etc. in combination with other agrotechnical ele-
ments for the formation of biometric indicators of
plants, yield and product quality [13].

In 2018-2019, an experiment was conducted to
study the effectiveness microbiological preparation
Azotofit-universal and micronutrient Quantum-grain,
which were studied separately and in a tank mixture on
corn crops for grain of different hybrids.

The composition of Azotofit - universal includes
living cells of the natural nitrogen-fixing bacterium
Azotobacter chroococcum and their active metabolites:
amino acids, vitamins, phytohormones, fungicides,
macro- and microelements. This biological fertilizer
should be applied in the evening, as it contains live mi-
croorganisms that die from sunlight in the early stages
of application.

The growth and development of plants is one of
the main features that indicates the peculiarities of the
conditions for growing crops. Growth processes are a
direct relationship between yield, vegetative mass and
plant height, as the stems and leaf surface are organs of
transportation of organic minerals.

Maize is a crop with a much higher need for ferti-
lizer than other cereals. Depending on the level of yield,
different amounts of nutrients are absorbed, including a
large number of macro- and microelements. The main
ones are potassium, copper, iron and zinc. Quantum-
grain fertilizer is a multi-component combined or-
ganomineral, microbiological-synthesized fertilizer
that can provide corn plants with these elements. Due
to its properties and component composition can in-
crease the productivity of corn by increasing the inten-
sity photosynthesis of plants, better fixation of solar en-
ergy in the form of carbon compounds, increasing the
leaf surface area of the culture by 30-50% and the size
and mass of the root system of plants, its vegetative and
generative mass, increasing the resistance of maize
plants to stress factors.

Observations of the growth processes of corn on
grain indicate differences in the dynamics of the influ-
ence of the studied factors on the parameters of growth
processes. In the course of research, biometric indica-
tors were analyzed: plant height, leaf surface area, ele-
ments of crop structure: grain size of the cob and the
weight of 1000 grains. Weather conditions in the corn
period contributed to the active growth of plants almost
to the flowering phase, after which the intensive growth
processes are significantly slowed down, and usually
almost stop.

The height of the stem is determined by the num-
ber of nodes and the length of the internodes and de-
pends on the genotype (precocity) and growing condi-
tions.

Precocious hybrids are usually short, and late ripening
have a higher stem.

The highest height on average for two years of re-
search was characterized by medium-ripe hybrid corn
4490, the height in the control areas was within 213 cm,
and in the areas where biological preparations and mi-
crofertilizers were applied foliarly, the height of plants
was in the range of 218-233 c¢cm, which is 5-20 cm
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higher than the control areas. It should be noted the ar-
eas where foliar spraying with the microbiological drug
Azotofit was used. The leaves and the plants them-
selves had a beautiful appearance, a strong root system.
The best, respectively, the highest maize plants were in
areas where the tank mixture was applied Nitrogen -
universal + Quantum - Cereals at the rate of consump-
tion (0,5 I/ha + 1,0 I/ha). These plants DKS 3705 had a
height of 221 cm, and corn plants DKS 4490 had a
height of 233 cm. The general trend in the growth re-
sponse of maize to the types of drugs is that each ele-
ment of the plant nutrition system creates integrated,
favorable conditions for accelerating the linear growth
of plants.

The most effective factor in regulating the height
of plants was the diet of microbiological preparation
and micronutrients for plants that were applied in phase
3-5 of corn leaves, so as a result of foliar application of
Azotofit at a rate of 0.5 1/ ha and microfertilizers Quan-
tum grain at a rate of 1 |/ ha height of corn plants hybrid
DKS 3705 (FAO 300) on average for two years was
within 221 cm, which is more than in the control areas
by 12 cm The height of the plants of the maize hybrid
DKS 4490 (FAO 370) with foliar feeding of these drugs
was 233 ¢cm, which is more than in the control areas by
20 cm (Table 1).

Table 1
Influence of foliar fertilization with drugs on height corn plants
Experiment options Plant height, cm +/- to
2018yr. | 2019yr. | average control
DKS 3705 (FAO 300) medium early
Control (without feeding) 213 205 209 -
Azotophyte is universal, 0,5 I/ha 215 210 213 +4
Quantum - Cereals, 1,0 I/ha 216 211 214 +5
Azotophyte - universal + Quantum - Cereals
(0,5 l/ha + 1,0 I/ha) 224 217 221 12
DKS 4490 (FAO 370) is medium ripe
Control (without feeding) 215 210 213 -
Azotophyte is universal, 0,5 I/ha 220 215 218 +5
Quantum - Cereals, 1,0 I/ha 225 217 221 +8
Azotophyte - universal + Quantum - Cereals
(0,5 l/ha + 1,0 I/ha) 238 221 233 20

The formation of a high yield of agricultural plants
is the result increase in photosynthesis, in the process
of which from simple substances are formed rich in en-
ergy complex and chemically diverse organic com-
pounds.

An important role in the cultivation of corn for
grain is played by photosynthetic activities by various
measures using intensive technologies with elements of
biologization. Photosynthesis as the main process oc-
curring in plants, provides quantitative and qualitative
parameters of the crop, so the data on the elements of
photosynthetic activity allow determine the effective-
ness of measures taken in the formation of a unit of pro-
duction. It is known that the best use of climatic, soil
resources, as well as measures of agro-technical impact
occurs in crops with optimal leaf surface.

Creating optimal, ecologically adapted conditions
for the operation of the photosynthetic apparatus during
the growing season is a necessary component of the for-
mation of high and high quality crops. The productivity
of corn plants is determined by the size and duration of
the leaf apparatus, the net productivity of photosynthe-
sis, the nature of use its products for growth processes,
for the formation of the economically valuable part of
the grain harvest. In this regard, the development of
separate measures for foliar application of microbiolog-
ical drugs and micronutrients, their reasoned use in cul-
tivation technologies corn for grain, requires data on the
elements of photosynthetic activity of plants.

According to the results of our research, it is
proved that the indicators of the leaf surface area of
corn crops for grain during its cultivation with elements
of biologization fluctuated significantly depending on

the studied factor in different phases of plant develop-
ment. Studies have shown that the growth of the leaf
surface of plants of maize hybrids increased signifi-
cantly with the growth and development of plants and
maximum values reached the flowering phase with a
subsequent slight decrease in the area of the leaf appa-
ratus in subsequent vegetation periods. This depend-
ence is clearly observed when spraying plants with so-
lutions of complex microfertilizers and growth regula-
tors.

The minimum leaf surface area of one plant in the
flowering phase of panicles was in the variant without
foliar fertilization in the middle-early hybrid of corn
DKS 3705 — 0,411 m?/per plant. When using the micro-
biological drug Azotofit at a rate of 0,5 I/ha, this figure
increased by an average of two years of research by
0,006 m?/per plant compared to control areas. The larg-
est indicators of leaf surface area were observed in ar-
eas where they were applied foliarly in phase 3-5 corn
leaves with microbiological preparation Azotofit and
micronutrients Quantum - Cereals at a rate of 1,0 I/ha.
Thus, the leaf surface area of the medium-early hybrid
DKS 3705 maize averaged 0,429 m?/plant per two
years, which is more than in the control plots by 0.018
m2/per plant.

Accordingly, the leaf area of the medium-ripe hy-
brid DKS-4490 was at the level of 0.473 m?/per plant,
which is greater than the control plots by 0,037 m?/per
plant. Therefore, the joint application of the microbio-
logical drug Azotofit on micronutrients Quantum-
Grain in the phase of 3-5 leaves of corn contributed to
an increase in the area of leaves of corn of both hybrids
(Table 2).
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Table 2

Influence of foliar fertilization of growth stimulants and microfertilizers on the leaf surface area of corn

Leaf surface area, +-to
Experiment options m?/per plant |
2018yr. | 2019yr. [ average contro
DKS 3705 (FAO 300) medium early
Control (without feeding) 0,416 0,405 0,411 -
Azotophyte is universal, 0,5 I/ha 0,423 0,411 0,417 + 0,006
Quantum - Cereals, 1,0 I/ha 0,429 0,418 0,424 + 0,013
Azotophyte - universal + Quantum - Cereals
phy (0,5 l/ha + 1,0 l/ha) 0,430 0,427 0,429 +0,018
DKS 4490 (FAO 370) is medium ripe
Control (without feeding) 0,447 0,424 0,436 -
Azotophyte is universal, 0,5 I/ha 0,458 0,445 0,452 +0,016
Quantum - Cereals, 1,0 I/ha 0,467 0,451 0,459 + 0,023
Azotophyte - universal + Quantum - Cereals
Py (0,5 l/ha + 1,0 l/ha) 0,478 0,468 0,473 + 0,037

According to the results of the research, there was
an increase in the leaf surface area by groups of ma-
turity of maize hybrids for treatment with drugs, com-
pared with options without their use. The positive effect
on plants of biological products and trace elements is
due to the fact that they participate in the redox pro-
cesses of carbohydrates in the environment. Under the
influence of microorganisms and microelements in the
leaves, the composition of chlorophyll increases, pho-
tosynthesis improves, and the assimilative effect of the
plant increases. The introduction of the microbiological
drug Azotofit strengthens the immunity of plants, in-
creases their resistance to disease, accelerates and pro-
longs the phases flowering, increases yield and grain
quality, improves mineral nutrition of plants, reduces
the amount of mineral fertilizers (macronutrients), in-
cluding nitrogen, rejuvenates the soil and improves its
natural fertility.

Thus, the application of biological products and
microfertilizers significantly improves the growth and
development of corn plants, which further affects the
quality and increase in corn grain yield.

Maize as a crop is characterized by high biological
adaptability, but has certain requirements for growing
conditions.

These conditions directly affect the rate of growth,
development of corn, and as a result, the crop itself. The
size of the grain yield reflects the quantitative values of
the obtained grain per hectare and varies significantly
depending on plant life, as well as the intensity of ab-
sorption of nutrients, water from the soil and the syn-
thesis of organic matter under the action of solar en-
ergy. To reduce the chemical load on the soil and for
better plant growth, biological preparations based on
nitrogen-fixing bacteria are used. In this way the seeds
receive additional nitrogen nutrition from the soil, pro-
duction processes are improved, grain yield and quality
are increased. The competitive advantages of grain
seeds are determined by their ability to form valuable
features of marketable grain and, accordingly, its po-
tential for competitiveness. Such features are yield,
moisture yield of grain during ripening, which reduces
the cost of drying marketable grain, resistance to ad-
verse weather conditions, diseases and pests in the cul-

tivation of commercial grain, the duration of grain rip-
ening, which opened up the possibility of growing corn
in areas with a lower amount of active average daily
temperatures.

According to the results of the study, hybrids of
corn of foreign selection in comparison with domestic
in the cultivation of marketable grain provide less mois-
ture, the difference in the figure reaches 4-10%. The
moisture factor is important depending on the speciali-
zation of agricultural enterprises.

Itis possible to increase the efficiency of corn pro-
duction on the farm by growing several hybrids with
different lengths of the growing season, adapted to the
conditions of the farm and other factors. That is, the se-
lection of seeds should take place in different groups of
maturity. At the same time there is an opportunity to
reduce the tension during the care and harvesting of
commercial corn and optimize the use of material and
technical resources of the economy.

It also provides full ripening of corn, which makes
it possible to reduce energy consumption during har-
vesting and post-harvest processing of wet grain. The
use in the production of the existing range of biological
groups of maturity of maize hybrids and their rational
ratio within a particular farm is an important reserve for
increasing yields. It should be noted that before the full
ripeness of the grain, the processes of moisture transfer
were almost independent of the use of foliar fertiliza-
tion. During harvesting, the moisture content of the
grain in all variants of the experiment varied insignifi-
cantly and was equal to 14,0-14,6%, while the grain did
not require drying. The level of corn grain yield was a
natural consequence and a derivative result of the for-
mation of biometric indicators of plants.

The available hydrothermal resources and their
distribution during the growing season of corn on aver-
age over the years of research have contributed to a
high return on grain yield. At this level of moisture in-
tensive type of nutrition with biological drugs and mi-
crofertilizers caused an increase in corn grain yield (by
0,40-0,94 t/ha) in comparison with control areas where
foliar fertilization with drugs was not carried out. The
highest yield of maize hybrids was recorded in 2018
DKS 3705 — 8,73 t/ha, DKS 4490 — 9,47 t/ha in areas
where in the phase of 3-5 leaves of corn was carried out
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foliar fertilization with microbiological preparation
Azotofit at the rate of consumption of 0,5 I/ha and mi-
cronutrient Kvantum-Zernovi at the rate of consump-
tion of 1,0 I/ha. A characteristic feature of maize hy-
brids is the ability to dry the grain during ripening,
which is largely depends on the efficiency of their cul-

tivation, which, of course, is negatively affected by ad-
ditional costs for drying in case of exceeding the nor-
malized conditions of condition. In our study, all inves-
tigated variants of the hybrid DKS 3705 had a humidity
of 14% and almost reached the root, and the hybrid
DKS 4490 — 14,5% (Table 3).

Table 3

Influence of foliar fertilization of growth stimulants and microfertilizers for corn yield

. . Humidity Grain yield, t/ha 3
Experiment options grains,% | 2018 yr. | 2019 yr. | average +/- to control
DKS 3705 (FAO 300) medium early
Control
(without feeding) 14,0 7,80 6,63 1,22 j
Azotophyte is universal, 0,5 I/ha 14,0 8,24 7,00 7,62 + 0,40
Quantum - Cereals, 1,0 I/ha 14,0 8,35 7,10 7,73 +0,51
Azotophyte - universal + Quantum - Cereals
(0.5 1ha + 1.0 I/ha) 14,0 8,73 7,24 7,99 +0,77
NIRgs 0,21 0,22
DKS 4490 (FAO 370) is medium ripe
Control (without feeding) 14,6 8,38 8,00 8,19 -
Azotophyte is universal, 0,5 I/ha 14,5 9,16 8,16 8,66 +0,47
Quantum - Cereals, 1,0 I/ha 14,5 9,24 8,27 8,76 + 0,57
Azotophyte - universal + Quantum - Cereals
(0.5 l/ha + 1,0 l/ha) 14,5 9,47 8,79 9,13 +0,94
NIRos 0,24 0,25

Thus, the comprehensive improvement of mor-
phological and reproductive parameters of maize plants
due to foliar application of biological preparations and
micronutrients had a positive effect on corn grain yield.

The quantitative characteristics of maize hybrids
include the main economic and valuable characteris-
tics. Therefore, the analysis of simple traits along with
productivity is appropriate, because they are considered
as influential elements of crop structure. Previous re-
search has found that some of the signs of potential
productivity (number of rows of grains cobs) are more
stable in reproduction in offspring than yield, due to the
determination of these traits in the early stages of mor-
phogenesis. In this case, the environmental conditions
during the formation and filling of grain do not have a
significant impact. Among the significant number of
economically important features of maize hybrids that
have a significant impact on the formation of actual and
potential yields, such as grain size and weight 1000
seeds. The study of the correlation between them and
between the main economic and valuable traits is of
practical importance for determining the optimal pa-
rameters in the development of models of maize hy-
brids for specific agroclimatic zones of cultivation.

Hybrids of different maturity groups studied
showed individual features of the formation of struc-
tural elements of the crop depending on micronutrients
and growth regulators. The grain size of the cob in the
control areas averaged 562-604 pieces in two years of
research. The grain size of the cob in the control areas
averaged 562-604 pieces in two years of research.Thus,
in these areas of the experimental maize hybrids, the
grain size was at the level of 574-623 units, which is
more than in the control areas by 12-19 units. The
weight of 1000 grains, as an indicator of grain size
formed on the cobs, under the influence of biological
product and microfertilizers in the experiment varied
from 216 to 231 g depending on the application of
drugs is insignificant. Slightly higher than in other var-
iants of the experiment, this figure was against the
background of foliar application of Azotophyte at a rate
of 0.5 | / ha and microfertilizers Quantum-Grain at a
rate of 1.0 I/ ha. The weight of 1000 seeds of the hybrid
DKS 3705 was at the level of 219 g, the hybrid DKS
4490 - 231 g (Table 4).
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Table 4
Influence of foliar fertilization on structural elements corn harvest (average for 2018-2019)
. . Graininess +/-to | Mass of 1000 grains, | +/-to
Experiment options h
ead, pcs. control g control
DKS 3705 (FAO 300) medium early
Control (without feeding) 562 - 212 -
Azotophyte is universal, 0,5 I/ha 567 +5 216 +4
Quantum - Cereals, 1,0 I/ha 569 +7 217 +5
Azotophyte - universal + Quantum - Cereals
i (0,5 l/ha + 1,0 I/ha) 574 t12 219 v
DKS 4490 (FAQ 370) is medium rip
Control (without feeding) 604 - 218 -
Azotophyte is universal, 0,5 I/ha 610 +6 221 +3
Quantum - Cereals, 1,0 I/ha 616 + 12 224 +6
Azotophyte - universal + Quantum - Cereals
i (0,5 l/ha + 1,0 I/ha) 623 +19 231 *13

Thus, foliar feeding of corn for grain in the phase
of 3-5 leaves with the biological drug Azotofit and mi-
crofertilizer Quantum-Grain helps to increase the struc-
ture elements of the corn crop.

Conclusions

1. The highest height on average for two years of
research was characterized by medium-ripe hybrid corn
4490, the height in the control areas was within 213 cm,
and in areas where foliar application of biological prod-
ucts and microfertilizers plant height was in the range
of 218-233 cm, which is more than the control areas by
5-20 cm. The best, respectively, the highest maize
plants were in areas where the tank mixture was applied
Nitrogen - universal + Quantum - Cereals at the rate of
consumption (0,5 I/ha + 1,0 I/ha). These plants DKS
3705 had a height of 221 cm, and corn plants DKS 4490
had a height of 233 cm.

2. The leaf area of the medium-ripe hybrid DKS-
4490 was at the level of 0,473 m?/per plant, which is
greater than the control plots by 0,037 m?/per plant.
Therefore, the joint application of the microbiological
drug Azotofit on micronutrients Quantum-Grain in the
phase of 3-5 leaves of corn contributed to an increase
in the area of leaves of corn of both hybrids.

3. The highest yield of maize hybrids was recorded
in 2018 DKS 3705 — 8,73 t/ha, DKS 4490 — 9,47 t/ha in
areas where in the phase of 3-5 leaves of corn was car-
ried out foliar fertilization with microbiological prepa-
ration Azotofit at the rate of consumption of 0,5 I/ha
and micronutrient Kvantum-Zernovi at the rate of con-
sumption of 1,0 I/ha.

4. The highest yield of maize hybrids was recorded
in 2018 DKS 3705 - 8,73 t/ha, DKS 4490 — 9,47 t/ha in
areas where in the phase of 3-5 leaves of corn was car-
ried out foliar fertilization with microbiological prepa-
ration Azotofit at the rate of consumption of 0,5 I/ha
and micronutrient Kvantum-Zernovi at the rate of con-
sumption of 1,0 I/ha.

5. The mass of 1000 grains, as an indicator of the
size of the grain formed on the cobs, under the influence
of biological product and microfertilizers in the exper-
iment varied from 216 to 231 g depending on the intro-
duction of drugs is insignificant. Slightly higher than in
other variants of the experiment, this figure was against
the background of foliar application of Azotophyte at a
rate of 0,5 I/ha and microfertilizers Quantum-Grain at a

rate of consumption of 1,0 I/ha. The weight of 1000
seeds of the hybrid DKS 3705 was at the level of 219
g, the hybrid DKS 4490 - 231 g.
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THE INFLUENCE OF HYDROTHERMAL CONDITIONS ON THE CULTIVATION OF SPRING
BARLEY IN THE RIGHT-BANK FOREST-STEPPE OF UKRAINE
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The article reflects the results of the research and reasonably obtained indicators on the effect of hydrothermal

conditions on the formation of spring barley yields in the conditions of the right-bank Forest-steppe of Ukraine.
Climatic conditions put us severe obstacles in obtaining the yield of spring crops. Against the background of the
beginning of desertification, we may think that this concept applies only to the southern regions, however, this is
not true, the climate is changing much faster than we assumed. In general, the assessment of soil and climatic
conditions of the VNAU research field indicates that they are sufficiently favorable for the formation of high and
sustainable yields of major crops, and above all - spring barley, as evidenced by the data we obtained. On average
for two years of spring barley cultivation after sunflower predecessor without using mineral fertilizers spring bar-
ley yield was 33.7 c/ha of grain. Upon application of NeoPsoKeso barley yield increased up to 46.0 c/ha. It was
highest when 90 kg of nitrogen fertiliser was applied on a phosphorous-potassium background and amounted to

53.9 cwt/ha.

Keywords: spring barley, forecrop, fertiliser, climate, yield.

To quote the head of the Sokolov Institute of Soil
Science and Agrochemistry. Sokolovsky, it is worth
noting that Ukrainian soils are dying due to lack of
moisture and nutritional deficiencies. The content of
humus, which primarily determines the fertility of soils,
is decreasing. In the last 130 years our Ukrainian lands
have lost 30% of their humus content.

Olga Babayants adds that an interesting fact is that
rainfall during the year remains almost at the same level
as before, i.e. in the range of 390-420 mm. But due to
the acceleration of evaporation, only about 100 mm re-
mains in the soil instead of the required half. And the
increased winds, blow away the remaining moisture.
Another of the problems we are hard pressed to face in
2019 is the almost total lack of moisture in the arable
soil layer almost everywhere. The terrible rains, in-
creasingly heavy rainfall, well as a consequence, of
course, were not productive, but rather stripped away
the top humus layer of the soil. Yes, it is a challenge of
nature, and a very tough one, but a man should be smart
and should find a way out of any situation.

It should also be noted that winter crops, namely
wheat, barley and rapeseed still grow and survive in the
absence of moisture, but the ending may be unpredict-
able. The start of 2020 provides us with clues as to the

urgency of deciding what to sow, how to protect and
shape the future crop. Unfortunately, the range of op-
tions for spring crops is very small. However, the
search for crops that can do a bit of protecting and har-
vesting must be urgent. Therefore, in such cases, we in-
creasingly turn to spring barley [1].

Researches on studying of technology models of
spring barley growing for grain were conducted during
2019-2020 on the research field of Vinnitsa National
Agrarian University.

Research was supposed to study the action and in-
teraction of such factors: A - precursor; B - levels of
mineral nutrition.

Gradation of factors 3x3. Repetition of experience
three times. Placement of the variants is systematic.
Area of the study plot is 30 m2.

Spring barley precursors - winter rape, corn, sun-
flower.

Soil preparation during the pre-sowing period de-
pended on the predecessor and was aimed at maximum
conservation and accumulation of moisture in the soil
and elimination of weeds. Soil treatment included: after
the harvesting of the previous crop, discing with BDT-
7 heavy harrows and later ploughing with PLN-5-35
plough to a depth of 25 cm with further application of
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mineral fertilizers at the rate of P60K60 kg/ha of multi-
nutrient granulated superphosphate and potassium
chloride. In spring, we had harrowing and pre-sowing
cultivation and applied nitrogen fertilizers at the rate of
N60 and N60 multi active substance in the form of am-
monium nitrate.

The technology of spring barley cultivation was
common for the forest-steppe zone of Ukraine and in
addition to the issues raised in the study met zonal and
regional recommendations.

The variety of spring barley KVS Dante was en-
tered in the state register in 2017. The average yield of
the variety in the five previous years was 31.3 - 42.8
cwt/ha. The plant height was 53.8 - 62.1 cm. Lodging
resistance 8.4 - 8.8. Shattering resistance 8,8 - 9,0.
Drought tolerance 8.2 - 8.4 points. Resistance to hel-
minthosporiosis 7.8 - 8.4 points. Resistance against
buntings 8.4 - 9.0 points. Resistance against powdery
mildew 8.0 - 8.9 points. Protein content - 11.3 - 12.0%.
Grain uniformity - 94.3 - 97.3%. Country of origin of
the variety - Germany. Recommended zones of cultiva-
tion Steppe, Forest-steppe, Polesie.

Sowing of field experiment was carried out by
seeder SN-16 in a unit with tractor T-25. Seeding
method is conventional row-crop, with a row spacing
of 15 cm. Seed rate was 4,0 min. seeds per 1 hectare.
Depth of seeding into the soil 2-4 cm.

In order to improve conditions for germination of
spring barley seeds, soil compaction was carried out us-
ing 3KKSh - 6A ring and spike rollers.

In the phase of tillering in the tank mixture was
used: herbicide "Dialen super" at a rate of 0.6 | / ha,
fungicide "Impact 25" at a rate of 0.5 | / ha and insecti-
cide "Decis f Lux" at a rate of 0.25 | / ha.

Spring barley grain was harvested in the phase of
full ripeness by direct harvesting.

During the growing period of spring barley plants
in the field experiment the following phenological ob-
servations, biometric measurements and laboratory
analysis of plants and soil samples were conducted:

- Phenological observations of growth and devel-
opment of spring barley were conducted in accordance
with the "Methodology for the State Variety Testing of
Agricultural Crops" and "Methodology for carrying out
research on forage production”. The main phases of
plant growth and development were recorded: the be-
ginning of the phase was considered to be not less than
10% of the plants, the full phase - 75% of plants [2,3];

- plant height was determined throughout the
growing season by phase. The number of sampling was
25 plants, which were measured in different places
along the diagonal of the recording area, and then the
average height of plants on the plot was determined [4];

- Prior to harvesting, a sample sheaf was taken
from each sample to determine individual plant produc-
tivity. The yield was recorded by mowing and threshing
the grain from the entire recording area of each plot in
the phase of full ripeness by Sampo 130 combine with
further weighing [5];

- mathematical processing of the research results
was carried out by dispersion and correlation and re-
gression analysis on a personal computer using special

application software packages such as Excel, Sigma
[6];

- economic efficiency of spring barley cultivation
depending on the levels of mineral nutrition and prede-
cessor according to the method [7] was calculated ac-
cording to the data obtained.

Barley is an important feed grain in many areas of
the world that are not suitable for maize production be-
cause of the climate, especially in northern countries
such as northern and eastern Europe. Barley is the main
feed grain in Canada, Europe and the northern USA.
Half of the barley crop in the United States is used as
calf feed. Most of the rest of the production is used in
brewing, for which barley is the best grain. It is a key
ingredient in beer and whisky production.

Double-row barley is traditionally used in German
and English beers. In the US, six-row barley has tradi-
tionally been used for beer production, but both varie-
ties are now widely used. In Ireland and Scotland, bar-
ley is the main component of whisky (distilled from
green beer).

In the 18th century barley wine was a common al-
coholic drink. In Italy barley was widely used as a sur-
rogate for children's coffee. Nowadays barley coffee is
experiencing a revival as an alternative to coffee for
people who, for health reasons, should not consume
caffeine. According to recent studies, consumption of
whole barley beans can regulate blood sugar levels [8].

Considering the area sown and yields of spring
barley of many cereal crops in Ukraine, as well as in
the area of world agriculture, it takes one of the priority
places. In general, the area of spring barley sown in the
world is about 75 million hectares. In Ukraine, it is
sown on an area of about 3-5 million hectares. Barley
grain is in great demand and is widely used for both
fodder and food purposes, in addition to being used as
an indispensable raw material for the brewing industry.
Spring barley yields in the early nineties were signifi-
cantly higher than world levels, under current condi-
tions only in some years. Part of the crop is consumed
in Ukraine and the surplus is exported. [9,10]. Barley
wheat is in high demand on the world market and there-
fore has a high price. Our state has a large potential of
barley grain production and a real opportunity to in-
crease its export and earn considerable money from it.
With this in mind, it is advisable to considerably in-
crease production and export of this crop in the coming
years. However, it is necessary to increase the gross
harvest of barley grain not by expanding the area under
barley crops but by increasing the yield of the crop [11].

The growth and development of spring barley re-
quires relatively little heat - the total sum of biologi-
cally active temperatures during the whole vegetation
period is 1250-1450 ° C. Also, Pannikov V. D. notes
that at all stages of its growth and development barley
is very sensitive to the action of high temperatures and
can suffer from it. The detrimental influence of such a
factor is especially clearly manifested during the period
of emergence into a tube - grain formation [12].

Scientists have established that an increase in tem-
perature during the grain emergence period by 1° C
above the average leads to a decrease in yield by 4.1-
5.7% [13].
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It is known that barley seedlings can withstand
frosts as low as -3 ... -9 °C, but in the later stages, tem-
perature drops below 0 °C are critical and sometimes
fatal for the crops, the long-term effects of negative
temperatures being usually fatal for the above-ground
barley organs. However, it is proved that the occurrence
of frosts in spring during barley flowering can have
even worse consequences [14]. Thus, the temperature
factor is extremely important for the formation of
spring barley yield, and therefore, its quantitative man-
ifestations should be taken into account to model the
predicted activity. Barley is quite demanding in terms
of moisture supply; the optimum for it is continuous
water supply, but the critical periods are tillering -
emergence and the end of emergence - earing [15].

Thus, barley, despite its unpretentiousness, has
certain specific requirements for growing conditions,
only intensified when it comes to obtaining brewing
grain.

According to the findings of scientists, the maxi-
mum realization of the yield potential of spring barley
plays the role of cultivation technology and climatic-
weather conditions.

To solve the main tasks of barley growing it is nec-
essary to take into account weather and climatic condi-
tions of the region as a whole and the place of re-
searches fulfillment besides improvement of agrotech-
nical measures. Scientific literature indicates that in
many countries yield losses due to weather conditions
are as high as 30%.

Weather conditions play a decisive role in shaping
the yields of all crops. Knowledge of environmental
conditions and the response of crops to them allows not
only to justify the functional capacity of plants, but also

to use their productivity potential more widely in a par-
ticular soil and climatic zone [16].

Vinnitsa region is located in the western part of
Ukraine. It borders Moldova to the south, Chernivtsi
and Khmelnitsky oblasts to the west, Zhytomyr and
Kyiv oblasts to the north, and Cherkasy, Kirovograd
and Odessa oblasts to the east.

The climate of the region is moderately continen-
tal, with mild winters and warm, humid summers. The
average temperature in January is -4-6°C, and in July
18.6 + 20.5°C. The average temperature in January is -
4-6°C, and in July 18.6 +20.5°C. The period with tem-
peratures of over 10°C is about 200 days. The sum of
active temperatures is 2700°C. Precipitation is distrib-
uted unevenly across the region. The precipitation is
distributed unevenly - 550-590 mm in the north-west
and west and 480-520 mm in the south-east. About 70%
of them fall in the warm period of the year. The height
of snow cover is 513 cm. The unfavorable climatic phe-
nomena on the territory of the region are blizzards (6-
12 days), frost (15-17 days), fogs in cold season (37-60
days), thunderstorms with hail (1-2 days), in the south-
east regions - dry winds. The north-western part of Vin-
nitsa refers to humid, moderately warm, and the rest of
the territory - to insufficiently humid, warm, agrocli-
matic zone [17].

Field studies on the formation of spring barley
productivity depending on the action of predecessors
and different norms of mineral fertilizer were con-
ducted on the research field of VNAU during 2019-
2020.

Climatic conditions of the territory of right-bank
Forest-steppe of Ukraine, in particular the southern part
of Vinnitsa region, where our research was conducted,
were characterized by certain features (Table 1).

Table 1
Characteristics of temperature and precipitation conditions *
. - Mean . L
A Soil Minimum Average : Maximum Minimum
Month Eﬁg:ﬂ,}aﬁ% moisture, | soil temper- | soil temper- tg}g“g;gﬁg air tempera- | air tempera-
! % ature, °C ature, °C poc ! ture, °C ture, °C
2019
1 53 32 -7 -1 -3 9 -14
2 26 30 -4 3 2 14 -7
3 18 25 -3 6 6 21 -5
4 30 24 1 11 11 25 -2
5 55 26 4 16 17 28 2
6 33 24 12 21 23 33 8
7 32 19 11 20 20 36 7
8 8 12 12 22 22 39 8
9 33 12 3 17 17 34 -4
10 15 14 -3 12 13 29 -5
11 15 15 -6 8 7 25 -9
12 22 20 -6 3 3 15 -8
2020
1 11 25 -4 1 1 9 -6
2 65 27 -5 3 3 17 -8
3 31 24 -2 7 7 20 -5
4 19 19 -2 10 10 24 -5
5 104 24 4 13 13 28 -2
6 70 25 7 19 21 33 2
7 38 19 12 21 22 34 7
8 9 13 11 21 22 36 8
9 32 11 7 19 19 36 1

*https://public.tableau.com/views/obile_15867828062590/sheet3?%3Adisplay_count=y&publish=yes&%3Atool
bar= n&%3Aorigin=viz_share_link&%3AshowVizHome=no
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https://public.tableau.com/views/obile_15867828062590/sheet3?%3Adisplay_count=y&publish=yes&%3Atoolbar=n&%3Aorigin=viz_share_link&%3AshowVizHome=no
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The hydrothermal conditions in the years of the
study were characterized by certain peculiarities. It
should be noted that in general the average monthly air
temperatures and the amount of precipitation during the
growing season were favorable for barley cultivation.

April by its temperature indices was practically at
the level with the presented multi-year norms, some-
times the average monthly temperature exceeded only
by + 1 °C the climatic norm. However, April 2020 was
significantly cooler than April 2019.

It is worth noting that the first ten-day period in
April was marked by a noticeable dry spell. But already
in the second decade of the month we could see precip-
itation in the form of wet snow and rain. Precipitation
was heaviest during the third ten-day period, from 23-
30 April.

However, it is noted that the amount of precipita-
tion through April 2019 was tangibly higher than the
current situation in 2020. The total amount of precipi-
tation that fell in April this year did not exceed or even
reach the mark of the multi-year climatic norm. There-
fore, the average daily ground temperature in April
ranged from +8 to +9 °C. Soil moisture levels were
within + 18%. If we compare conditions in April 2020
with April 2019, we can say that the productive mois-
ture supply in 2019 was also slightly higher than in the
same period of the current year.

The April 2020 moisture figure ranged from 45%
to 56%, while in 2019 the figure was between 57% and
65%.

This May has fallen below the temperature range
in comparison to cooler temperatures. In addition, we
have been accustomed to temperatures exceeding
multi-year climatic norms lately, but May has made its
adjustments and as a consequence, the current May
temperatures were below the multi-year norm by +1 ...
+ 2 °C, comparing to the average.

Thus, the average monthly temperature ranged
from +13 ... + 15 °C. May was marked by generous and
abundant precipitation, sometimes accompanied by

thunderstorms and hail. The greatest amount of precip-
itation fell during the third decade of May.

It was noted that the humidity index in May 2020
ranged from 60% to 75%, whereas in 2019 it did not
have such a wide range of fluctuations, ranging from
64-78%.

At the beginning of June, we recorded a long-
awaited real "meteorological summer”. The average
daily air temperature was already at +15 °C. During the
second decade of the month, it was as high as +19 ... +
25 °C.

The first and second decade of June, like the entire
previous month, were also rainy. Heavy rains, thunder-
storms, squally wind and even localized hail were rec-
orded during this period. Since the end of June, the
amount of precipitation had dropped considerably. The
golden midsummer brought an increase in temperatures
to 21.4 °C. The average monthly air temperature for
July increased by 2 °C.

In general, the conditions of the Central agrocli-
matic region of Vinnitsa oblast are favorable for the
cultivation of spring crops, which is a good enough fac-
tor in the formation of the harvest of this crop.

To the characteristic of the factors that have an in-
disputable influence on the formation of the yields are
primarily precipitation, daylight hours, air temperature
and the sum of the effective temperatures, which di-
rectly affect all stages of crop growth. The relatively
close proximity of the farm's area to the sea has created
conditions of a temperate continental climate.

According to long-term observations of meteorol-
ogists, spring begins most often in the second half of
March, when the average daily air temperature exceeds
0°C. However, spring frosts are recorded until the end
of April (in some years they may occur in early May as
well). Night frosts usually cease when average daily air
temperatures rise above +5°C, and from then on, they
do not occur until the end of September. The growing
season is 199-205 days long.

Table 2
Climatic indicators for the central sub-zone of Vinnytsia district

;\}’; Climate indicator Value
1 Length of frost-free period, days 141-153
2 Sum of positive temperatures, over 0 °C 2665-2785
3 Length of growing season, days 199-205
4 Precipitation per year, mm 534-540
5 Precipitation per growing season, mm 369-425
6 Average annual air temperature, °C 6,7-7,0
7 Average of absolute minima of air temperature -25
8 Air temperature, °C -32...-35
9 Absolute minimum of air temperature, °C +39
10 Absolute maximum of air temperature, °C 2318-2444
11 Sum of active temperatures over 10 °C 21 September
12 Average date of first frost, autumn 28 April
13 Average date of last spring frost 90
14 Average days with snow cover, days 8-13
15 Average of maximum snow depth, cm Jo 56
16 Average depth of ground frost, cm J1o 90
17 Maximum depth of soil freezing, cm Jo 30
18 Minimum depth of soil freezing, cm North-west
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The average annual rainfall varies between 534
and 540 mm, of which about 80% falls during the veg-
etation period. As a rule, the first autumn frosts occur
during the second decade of September (around 17 Sep-
tember) and the last spring frosts occur at the end of
April (around 23 April). Snow covers the ground for up
to 90 days. And the prevailing winds in the area are
northwest winds.

In general, the assessment of soil and climatic con-
ditions of the experimental field of VNAU indicates
that they are sufficiently favorable for the formation of
high and sustainable yields of major crops, and above
all - spring barley.

One of the important elements of the crop struc-
ture is the number of productive stems per unit area. Its
value depends on the density of standing plants and the
number of productive stems on one plant in the phase
of full grain ripeness.

The main components of the ear that participate in
the formation of the yield are the length of the ear, the
number of spikelets and the number of grains in the ear,
and the weight of the grains per ear. The development
of the ear is known to depend on many factors, the main
ones being the genetic characteristics of the variety.
The length of the ear depends on the varietal traits. In
some varieties the ear is dense and the spikelets in the
ear are closely spaced. In others, on the contrary, it is
loose and loose, with large gaps between the ears.
Clearly, varieties with a loose ear will have a greater
ear length, but this does not mean that varieties with a
shorter ear length (dense ear) have a lower yield.

As the number of spikelets in an ear has little to do
with the productivity of spring barley, the second most
important element in yield structure is the number of
grains in the ear. The number of ears is determined by
meteorological conditions and the technology model.

An important indicator of yield structure is the
weight of grains per ear, which in turn depends on
growth conditions and the transition to the later phases
of the growing season. Of particular importance are fer-
tilizers, crop protection against diseases, pests and
lodging. Grain weight is not only a function of growth
conditions, but is determined primarily by the length of
the floral scales, which finish their growth at earing.
Applying nitrogen fertilizer prior to the end of floral
scale formation can help to increase it.

Our research found a positive role of mineral fer-
tilizers on the formation of the number of productive
stems. Thus, when growing spring barley after winter
rape, the number of productive stems was 504-595
units/M?, after corn - 497-588 units/M2, and after sun-
flower - 488-580 units/M?.

Evaluating the parameters of ear productivity, we
should note a positive effect of mineral fertilizers in the
rate of N9OP60K60 in the pre-sowing cultivation. The
length of the ear of winter rape on the best nutrition
level was 10,3 cm, number of grains in the ear - 24,7
units, and the weight of grains per ear - 0,98 g.

Cultivation of barley after the corn predecessor
provided the following performance indicators: ear
length - 10 cm, number of grains in the ear - 24.3 pcs,
while the weight of grains per ear was 0.95 g.

The use of sunflower as a fore crop and application
of mineral fertilizers at a dose of N9OP60K60 provided
the length of the ear of 9.8 cm, while the number of
grains in the ear was 24 pieces, and the weight of grains
per ear was 0.93 g.

In the final phases of plant growth and develop-
ment, higher yields are achieved through better grain
filling. Grain fullness is best characterized by an indi-
cator such as the mass of 1000 grains. It depends not
only on meteorological conditions, but can also be reg-
ulated by appropriate winter hardiness, in particular
levels of mineral nutrition.

In the variant with the winter rape predecessor the
mass of 100 grains of spring barley was in the range
from 35.3 to 39.7 g. The use of maize as a precursor
contributed to the fact that the weight of 1,000 seeds
was 34.8-39.1 g, while after sunflower it was 34.7-38.8
g.

Thus, a positive effect of mineral fertilizers in the
rate of N9OP60K60 on the indicators of individual
productivity of spring barley was established, which at
the same time had an impact on the overall productivity
of the crop.

Grain productivity of spring barley is an integral
index and is largely determined by the genotype of va-
riety and growing conditions, and also makes it possi-
ble to evaluate the effectiveness of the elements of cul-
tivation technology in general. After all, the application
of fertilizers produces about 50% of the total yield in-
crease.

The results of our two-year research indicate that
weather conditions during the growing season also
have a significant impact on barley yields.

Thus, sharp temperature fluctuations during the
initial growth period and insufficient moisture supply
during the subsequent period had a negative impact on
barley grain yield in 2020 compared to 2019.

The average yield of spring barley grown after
winter rape in two years was 36.3 c/ha in the variant
without fertilization, 49.3 c/ha when N60P60K60 was
applied and 58.3 c/ha when mineral fertilizer
N90P60K60 was applied (Table 3).
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Table 3
Spring barley grain yields depending on the effect of the predecessor and mineral fertilizers, c/ha
The predecessor Level of mineral nutrition 2019 | 2020 On average over two years
Without fertilizer 40,1 | 325 36,3
Winter rape N60P60K60 53,0 | 45,6 49,3
NooPsoKeo 64,4 | 52,2 58,3
. Without fertilizer 38,8 30,8 34,8
(f(')\:'Z'é?n) NGOPE0K60 50,6 | 448 47,7
NaoPsoKeo 62,1 49,7 55,9
Without fertilizer 37,9 29,5 33,7
Sunflower N60P60K60 499 | 421 46,0
NooPsoKso 62,4 | 454 53,9

When using maize as a preceding crop, spring bar-
ley yields were as follows: 34.8 centners/ha - in the var-
iant without fertilization, 47.7 centners/ha - with the use
of full mineral fertilizer in the rate of 60 kg of the active
substance. The highest yield in this variant was barley
which was given N9OP60K60 during pre-sowing culti-
vation and yielded 55,9 centners/ha.

On average for two years of spring barley cultiva-
tion after sunflower predecessor cultivation without
mineral fertilizers ensured 33.7 c/ha of grain yield. Ap-
plication of NgoPesoKso increased barley yield to 46.0
c/ha. And it was highest when 90kg of nitrogen ferti-
lizer was applied on a phosphorus-potassium back-
ground and amounted to 53.9c/ha.

Conclusions. The average yield of spring barley
grown after winter rape for two years was 36.3 cent-
ners/ha in the variant without fertilization, 49.3 cent-
ners/ha - when N60P60K60 was used and 58.3 cent-
ners/ha - when mineral fertilizer NgoPesoKeo Was applied.

When using maize as a preceding crop, spring bar-
ley yields were as follows: 34,8 centners/ha - for the
variant without fertilization, 47,7 centners/ha - with ap-
plication of full mineral fertilizer at the rate of 60 kg of
the active substance. Barley had the highest yield on
this variant and NgoPeoKeo Was used for pre-sowing cul-
tivation, which provided 55,9 c/ha.

On average for two years of spring barley cultiva-
tion after sunflower predecessor cultivation without
mineral fertilizers ensured 33.7 c/ha of grain yield. Ap-
plication of N60P60K60 increased barley yield to 46.0
c/ha. And it was highest when 90kg of nitrogen ferti-
lizer was applied on a phosphorus-potassium back-
ground and amounted to 53.9c/ha.
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HAITPSIMH TA 3AXO/IM I3 INIIBUINEHHSI ECEKTUBHOCTI BUKOPUCTAHHS 3EMEJIBHAX
PECYPCIB B IEPIOJ TPOBEAEHHA AIMIHICTPATUBHO-TEPUTOPIAJIBHOI PE@OPMU B
YKPAIHI

boonapyx LJI.
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AHOTANIA

HocmimkyeTbest epeKTHBHICTh BUKOPUCTAHHS 3eMENBHUX PECYPCiB B IEPio]] MPOBEICHHS aIMiHICTPATHBHO-
TepuTopiansHOi pehopmu B YipaiHi Ta ix Hacminky. [linTBepmKyeThCs, MO JepKaBHA 3eMellbHA MOJITHKA B YMO-
BaX CTBOPCHHA TepHTOpiaJ'ILHI/IX rpomMaz, NOBMHHA BAOCKOHAJIOBATUCH Ta CTBOPOBATHU HaZ[iP'IHi MeXaHi3MU yipaB-
JIIHHS 3€MEIbHIMHI pecypcamu, K1 MAaTUMYThb HaZ[SBPI‘IaﬁHO BAXKJIMBC 3HAYCHHA CaM€ TCIICP, KON Bi,I[6YBa€TLC$[
PO3LIMPEHHS TTOBHOBa)KEHb CAMOCTIHHOCTI CaMOBPSIlyBaHHs 3a J1JIst 3a0e31eUeHHs PalioOHAIbHOTO BUKOPUCTaHHS
i 0XOpoHH 3emelb. ToMy cuTyallist i3 BUKOPUCTaHHSIM 3eMelib B YKpaiHi BUMarae BXKMBaHHSI TEPMiHOBUX apryMe-
HTOBAHHX 3aXO/[iB MIsSUTbHOCTI JIEPXKABH B MUTAHHAX 3€MEJIbHHUX BiTHOCHH, sIKi O OyJIH CIIpSIMOBaHI Ha ITiIBUIIICHHS
POAIOYOCTI IPYHTIB, OXOPOHY PECYpPCIB 3eMIli 1 PalliOHAIIBHOTO X BUKOPHCTaHHs. be3yMoBHO, po3B s3aHHs moc-
TaBJICHUX MPOOJIEM € HAI3BUYAIHO CKJIAJHUM 3aBIAHHIM, TaK K OTPEOYE €MHOT JePKABHOT ITOJIITHKH 3 Bi/IIO-
BiTHIMH NIPIOPUTETHIMH HAIIPSMaMHU, JIe HAalOIIbIIOro epeKTy MOKHA TOCATTH SKIIO BIPOBAKYBATH KOMILICK-
CHO, B3a€EMOAOIIOBHIOBAJIbHUMH Ta IIOCHUJIFOBAJIbHUMH ,I[iIO OAHH OJHOTO.

ABSTRACT

The efficiency of land use during the period of administrative-territorial reform in Ukraine and their conse-
quences are studied. It is confirmed that the state land policy in the conditions of creation of territorial communities
should be improved and create reliable mechanisms of land resources management, which will be extremely im-
portant now, when the powers of self-government are expanded to ensure rational use and protection of lands.
Therefore, the situation with land use in Ukraine requires the use of urgent reasoned measures of the state in
matters of land relations, which would be aimed at increasing soil fertility, protection of land resources and their
rational use. Of course, solving these problems is an extremely difficult task, as it requires a unified state policy
with appropriate priority areas, where the greatest effect can be achieved if implemented comprehensively, com-
plementing and enhancing each other's action.

KarouoBsi ciioBa: 3eMenbHi pecypen, yrpaBiliHHS 3eMEIbHUMH pecypcaMiu, OXOpOHa 3eMellb, pallioHalIbHe
3EMJICKOPHUCTYBAHHA, 3€MEJIbHE 3aKOHOAAaBCTBO.

Keywords: land resources, land resources management, land protection, rational land use, land law.

IocTranoBka npodaemu. OCHOBa BUKOPHUCTaHHS
3eMEeJIbHUX PeCypcCiB — 1€ 1X eKoJori3alis, OXOopoHa i
3aXHUCT 3eMJI1 SIK CKJIaI0BO1 JJOBKIUJLIS, TPUMHOKEHHS Ta
BIITBOPEHHS ii MPOAYKTUBHOI CHJIH K arpapHOro pe-
cypcy. OTHUM i3 TOJIOBHUX 3aB/IaHb Cy4acHOT JIepKaB-
HOI TIONITHKN Y cepi 3eMIIEKOPUCTYBaHHSA € 3abe3re-
YEeHHS PaI[iOHATBHOTO BUKOPUCTAHHS T4 OXOPOHH IIPO-
JYKTHBHUX 3€MeEJIb.

A y 3B'I3Ky 3 CyYaCHUMM 3MiHaMH TrOCHOAap-
CHKOT'O MEXaHi3My PO3BUTKY arponpoOMHCIOBOIO KOM-
IUIEKCY, SKi BHeca 3eMenbHa pedopma B YKpaiHi, 10-

KOPiHHO 3MIiHIOIOTHCS TAK0X YMOBH 1 ()OPMH BHKOPHC-
TaHHS 3eMeJb CUILCHKOTOCIIOAPCHKOT0 MPU3HAUSHHSI.
i 3miHM e O1TBIIE MOCHITIOIOTHCS Y 3B'SI3KY 3 MIPOBE-
JCHHAM aJIMiHICTPaTUBHO-TEPUTOPiaIbHOI pedopmH,
0COOJIMBO BOHU CTOCYIOTBCSI BUKOPHCTAaHHS 3€MeJb
CLTBCBKOTOCIOIAPCHKOT0 MPHU3HAYEHHSI HA TEPUTOPIl
TEepUTOpiaIbHUX Tpoman. ToMy B pe3ynbTati 3miic-
HEeHHS 3eMesIbHOT pepopmu B YKpaiHi Bxke BiaOysmcs
CYTTEBI 3MIHH Y PO3BHUTKY CUIBCHKHX TEPUTODIH, 1 Ha
’KaJb, HE B Kpallly CTOPOHY, a TAKOXX B OLIBLIOCTI BH-
MaJIkaXx BOHM IEPEIIKO/DKAIOTh HOPMaJIbHOMY DPO3BH-
TKY TEPUTOpPiaJIbHOT IPOMa/IN.
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AHaJi3 oCTaHHIX JocJailxkeHb Ta myOmikamii.
HaykoBo-TeopeTHyHy OCHOBY CTATTi CKJIAJIH Iparli Ta-
KX HaykoBIiB sK: I'. O. AkceHbOHOK, . I. bamok, B.
M. €pmonenko, O. 1. 3aenp, T. O. KoBanenko, A. M.
Mipomaudenko, T. O. Tpersk, M. B. lllynera ta iHmmi.
Tako>k BUKOPHCTaHI Tpami (axiBIliB eKOHOMIYHOI Ha-
yku, 30kpeMa A. I'. Mapruna, B. O. Mensanuyka, JI.
51. HoBakoBcwkoro, A. M. Tpersika Ta iHIINX.

BunisienHs1 HeBUpilIeHUX paHille YaCTHH 3ara-
JILHOI po6J1eMu. Y HayKOBHX MpalsiX 3a3Ha4eHUX J10-
CJIITHUKIB PO3KPHUBAIOTHCS OKpEMi acleKTH e(eKTHB-
HOCTI BUKOPHUCTaHHS 3eMEJIbHUX pecypciB B YKpaiHi, y
TOH e Jac sIK KOMIUIEKCHOTO HayKOBOTO JOCIIIKEHHS
e(heKTUBHOCTI CHCTEMH YTIPaBIiHHS 3eMEILHUMHU pe-
cypcaMy B TIEpioJ] TIPOBEACHHS aaMiHICTPaTHBHO-TE-
puTOopiaNbHOT pedopMu B YKpaiHi HE MPOBOJUIOCS.
Came TOMY JOCHTIDKEHHS IaHOi TpOOJIEMaTHKH i3
BIIPOBADKEHHS 3aXOJiB, sAKi O Oynu crnpsMOBaHiI Ha
MiJBUIICHHS POJIOYOCTI IPYHTIB, OXOPOHY pPECypciB
3eMJIi 1 pallioOHAILHOTO TX BUKOPUCTAHHS Ha Cy4aCHOMY
eTarll € aKTyaJbHUM 3aBJIaHHIM.

MerTa cTaTTi € 10CIIDKEHHS Ta aHajli3 Cy4acHOTO
CTaHy 3EMEJIbHUX PECYpCiB, a TaKOX PO3POOIICHHS
HUIIXIB €pEeKTUBHOTO X BUKOPHCTAaHHs B IEPioA Mpo-
BEJICHHS a/IMiHICTPaTUBHO-TEPUTOPIAILHOI pedhopMH.
BignoBinHO 10 METH OCHIIKEHHS TOCTaBJICHO HACTY-
ITH1 3aBJAHHA:

JOCITITUTH TEOPETHYHI 3acaad e(EeKTUBHOTO BH-
KOPHCTaHHS 3€MEb Ta OCHOBU YIPABIIHHS 3€MeEJlb-
HHMH pecypcamu;

MpOaHaIi3yBaTH OCHOBHI BUKIIUKHU Ta MPOOJIEMH B
palioHaIbHOMY YIPaBIIiHHI 3eMIISIMH;

PO3pOOUTH PEKOMEH/IAIIIT 1110/10 OCHOBHUX BHKIIU-
KiB Ta mpoOjeM B paiioHaJbHOMY YIpPaBIIiHHI 3eM-
JSIMU.

Ha Oyxp-sikoMy eTarri po3BUTKY CyCITLIBCTBA, ICp-
’KaBa MOBMHHA MOCTIHHO TPUMATH Ha OCOOJIMBOMY KO-
HTPOJIi MUTaHHSA €(EeKTUBHOCTI PalioHaJbHOTO BHKO-
pHCTaHHS 3€MeJIbHUX PECypCiB, 1 B MEpIIy Yepry 3e-
Melb CLUIBCBKOTOCIIOIAPCHKOTO MIPU3HAYCHHS,
0co0IHBO B TIepio pedopm.

31 ciunst 2018 poky KaGiner MinicTpiB Ykpainu
posnopsamkeHHIM Ne 60-p «IIpo mepenady 3eMeNpHIX
JUISTHOK CIJIbCHKOTOCIIOaPChKOTO MPU3HAYCHHS JIep-
’KaBHOI BJIACHOCTI y KOMyHaJIbHY BJIaCHICTH 00'emHa-
HHUX TEPUTOPIAIBHUX I'POMaJ» HAJaB MMOBHOBAYKEHHS
TEPUTOPIATLHUM I'POMaJiaM PO3IOPSIIHKATHCS BCIMa 3e-
MIISIMH Ha 1X Tepuropii [1]. Ta BupimmTi nuTaHHs: XTO
Mae 1 OyJie HeCTH BiAINOBIAJBHICTD 3a Hee(eKTHBHE
BUKOPHCTAHHS 3eMelIb 1 SIKMM 4nHOM? AJKe opeHaapi
NPUBATHHUX 3€MENIbHUX JUISHOK (T1aiB) XOUYTh III0 IIPO-
OseMy TOKJIACTH Ha IJIedi AepKaBH Ta TEPUTOPiabHI
rpoMany, a BCi MPUOYTKM BiA 3eMIIi MPUBIACHIOBATH
nuire cooi.

Tomy mix yac mpoBeneHHS aaMiHICTPaTUBHO-Te-
puropiansHOi peopMu B YKpaiHi, KOJIH 3 0THOTO OOKY
JTAIOTh MOKJIMBICTH HA MICIi TEPUTOPiaIbHUM TpoMa-
JlaM pO3MOPSAHKATACH IXHIM MaifHOM CaMOCTiHHO, ae
i BOHOYAC Jiep)KaBa HaMaraeThbesl 30€perTd BaroMui
BIUIMB Ha iX yNpaBJiHHS, a L€ MPU3BOJUTH TIJIBKH JI0
HENopO3yMiHb, TOMY HEOOX1IHO YiTKO BU3HAYHTH i PO-
3aimuTy GyHKUii caMoBpsilyBaHHS Ha BUPOOHHYY Ta

colliaJibHy, JIe MEepIIO0 MAIOTh 3aiiMaTHCs arpapii, a
JpYTOIO - AeprKaBa.

Tomy TepMiH «peOopMyBaHHS» € TOCUTH TOITYJIS-
PHHUM JJIS BIIQJIH, aJie He 3aBXKIU 10 KiHIIA 3p03yMiINM
JUTST TPOMAJISTH, TOMY depe3 Iie 'y OLTBIIOCTI BUIAAKIB
BiJICYTHE ITiJlicHe OadeHHs I[bOTO MPOILeCy, 1 6aratbox
BHIIA/IKAaX pedOopMH MPU3BOIATH HE A0 TOKPAICHHS, a
JI0 TIOTIpIIEHHS JKUTTS TpoMasH. He BUHATKOM crana
i 3eMernbHA pedopma, siKa ToYagack OLIBIIC YBEPThH
CTONITTS 1 TPUBA€E ¥ MOCi, Ta HA MPOTSI3i I[OTO Yacy,
He3BaKarO4YM Ha Te, 1110 Hallla iepkaBa Oarara Ha 3eme-
JIbHI pecypcH, BOHa He 30araTuiia CBOE€ HAceJEHHs, a
TUTBKH OKpeMy BHOpaHy YacTHHY 0Ci0 — BJIACHUKIB
BEJIMKHX arpokoMIuiekciB. Lle mpu3seno mo Toro, mo
TOCIoJapi 3eMeIbHUX YaCTOK «IaiB» OAepKaH JIUIIES
po34apyBaHHsI, 3HEBIPY Y CIIPABEIUBICTD 1 HETATHBHE
CTaBIICHHA 10 3€MEIBHOI pehopMHu.

CporozHi OpraHy BN aKTUBHO BIIPOBA/KYIOTH
aJIMIHICTPaTHBHO-TEPUTOPiabHY pedopMy 1, SKIIO
JICPIKaBOIO He Oy/ie CTBOPEHO MOJITUYHUX, NPABOBUX,
€KOHOMIYHHX Ta CYCHUIbHHUX IHCTUTYIIH, a TAKOX 3a-
MO3WYEHHsI THX HOPM 1 IIpaBuJI, SIKI BiNIOBIIAIOTH Kpa-
LIMM CTaHJapTaM I[IHHOCTSIM PO3BUHYTHX JE€MOKpaTH-
YHUX KpaiH, TO 1 1110 pedopMy MoOXKe YeKaTH IO SIK 1
BCIX momnepeaHix pedopm, 30KkpeMa i 3eMeNbHOT pedo-
pMU: po3uapyBaHHA i HEJOBiIpa TPOMAISH 10 PeOopM.

Po3BuTOK TepuTOpiaibHUX TpoMan i pedopmy-
BaHHS 3eMETHHHUX BiTHOCHH IIe TIPOIIECH, SKi TICHO TO-
B's13aHI MiXk c00010, OCOOJIMBO B TEPioj MPOBEICHHS
JeneHTpamizamii Bragun. Tomy aepkaBa IMOBHHHA BH-
3HAQUUTHCh 3 TIPaBaMH BIACHUKIB 3eMEJIbHHX YacTOK
(maiB) y moBHOMY 00CsI31, a/)kKe pOJIOUICTh TPYHTIB SK
YHHHUK OJICP)KaHHs JOJATKOBOI BapTOCTI B MPOIECI
BUKOPHCTAHHSI 3€MJII €KCIUTyaTy€eThCsl Ta IPHBIIACHIO-
€THCS IHIIUMH 0CO0aMHU.

JepxaBa MMOBHMHHA BIPOBAJUTH HAa 3aKOHOJAB-
4OMy piBHI AIMCHUI MEXaHi3M 3aXHCTY MPaB CEIsH Ha
3eMJIIO Yepe3: CTBOPEHHS YiTKUX YMOB HaOYTTS (QyHK-
il BIACHUKIB, PETyIIOBAaHHS Ta PO3MEXYBaHHS 3eMe-
JBHUX BiTHOCHH, BCTAHOBIICHHS CHCTEMH OPCHIHOI
IUTATH, CTUMYJIFOBHHS BeICHHSI €)EeKTUBHOTO CIJIbCHKO-
rOCII0/IapChKOT0 BUPOOHUIITBA, SKe 3a0e3neuyBaTHMe
BIZITBOPEHHSI Ta OXOPOHY 3eMEJIbHUX PECYpCiB 3a paxy-
HOK OJiep>KaHHA PeHTH [2].

[TepeniuenHi ocobauBOCTI 3eMeNbHOT pedopmu 3y-
MOBJIIOTh HEOOXIiTHICTh Ha JIEP>KaBHOMY PiBHI BIIPOBa-
JDKEHHS iX B IMPOrpamMy PO3BHUTKY 00'€THAHUX TEPUTO-
plaJbHUX T'poMaj, /e B TIEpLIy 4Yepry € aKTHBi3alis
€KOHOMIYHOTO 3POCTaHHS JIEP)KaBH 3aBJISIKH €EKTUB-
HOMY BHMKOPHCTaHHIO BJIACHHX COIiaJIbHO-€KOHOMIY-
HUX PECypCiB IrpoMaji, OCHOBHHMH 3 SIKHX € JIIOJICHKUI
TIOTEHIIiall Ta 3eMeJbHI pecypcr. Ae He 3BayKarouy Ha
cxBajieHHs1 KoHIenmii po3BUTKY CiJICHKUX TEPUTOPIH,
10 JTAJIO 3MOTY 301IBIITUTH BaJIOBE BUPOOHUIITBO Cillb-
CHKOTOCIIOIAPCHKOT MPOJYKIIii, IPOTE HE CIPUSIIO CO-
LiaTbHO-eKOHOMIYHOMY PO3BHTKY CLIBCBKHX TEPHUTO-
pifi Ta TABWIIEHHIO PiBHS XXHUTTSA CIIBCHKOTO Hace-
JICHHA, TOMY HEOOXiJHO CTBOPHTH Taki YMOBH
IIPOCTOPOBOT'O CTAaJIOr0 PO3BUTKY, B OCHOBY SIKOTO 3a-
KJIaJafoThCsl MEXaHI3MH CTUMYJIIOBaHHS €KOHOMIYHOT
AKTHBHOCTI B TEPUTOPIAJIbHUX I'poMajiax 3a paxyHOK
e()CeKTUBHOTO YIpaBIIiHHSA BIACHICTIO IUX TIpomal,
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IUIaHYBaHHS Ta palioHaIBEHOT0, N0aiIMBOro BUKOPHC-
TaHHS 3eMEJIbHUX PECYPCiB.

AIKe TepuTOpiajbHE IUIAHYBAaHHS 3EMIICKOPHUC-
TyBaHH, SIK€ ITOB'13aHE 3 IPOCTOPOBHUM CTAJIM PO3BH-
TKOM ISl CITbCHKHUX TEPUTOPIH HA JTOBrOTEPMIHOBHIMA
mepion, Mo He mopymiye OamaHc Mik 30epeKeHHIM
MIPUPOTHO-PECYPCHOTO TOTEHIIay W BHUPIMICHHIM
YChOT'O KOMILIEKCY COLiaNbHUX-EKOHOMIYHUX, JEMO-
rpadiuyHuX, KyJIbTYPHUX IHCTUTYLIOHAIBHHUX Ta 1HIIHX
npo0IeM, HeOOX1THO PO3TIISAATH K OJIUH i3 OCHOBHHX
BaXKEJIIB JIePKABHOI 3¢MEJIbHOT MO THKH 111010 TapMO-
Hi3aIi1 Aep)kaBHUX, O13HECOBUX Ta TPOMAJICHKUX 1HTe-
peciB y cdepi BUKOPHCTAHHS i 0XOpOHH 3eMerb [3].

Tomy um Oyne ciTbChKE TOCHOIAPCTBO, MO €
Maiike Oe3aIbTepHATHBHAM BUJAOM €KOHOMIYHOI Iisi-
JLHOCTI HA TEPUTOPIAX TEPUTOPIATBHUX TPOMAI IS
CeJISH, JOCTaTHhO e(heKTUBHUM i 3a0€3MEUUTDH TOXOIU
Ha piBHIi, HEOOXiTHOMY JIJI1 aKTUBHOTO PO3BUTKY TEPH-
TOpiaJIbHUX TpoMaj - Mokaxe yac. Hapasi HaykoBui
JCKYTYIOTh, BJIQJIHI CTPYKTYPHU CTBEP/UKYIOTh IIPaBH-
JIBHICTh HAIIPSMY BUPIIICHHS Ha3pliux npoodieM, a ar-
POOI3HECOBI CTPYKTYPH CIINIATh BUKOPUCTATH MOMEHT
JUTSL Pi3KOTO 30aravueHHsI.

[IpoananizyBaBiiy NPUYMHN HESPEKTUBHOTO BHU-
KOPUCTAaHHS 3e€MEIIFHUX PECypCiB CUTBCHKOTOCIOIAp-
CBKOTO MPHU3HAYCHHS, IO MPHU3BOASTH A0 MOCTIHHOTO
3HIDKEHHS SIKOCTI PiJUTi, MOYKHA BUIUIMTH HE pallioHa-
JIbHE BEICHHS Ipoliecy GiHaHCYBaHHS Ta OpTaHi3amii-
HOTO MCHEIDKMEHTY, a TaK0)X MPUCYTHICTh KOPYTIIIiHi-
HHUX CXEM IIIOJI0 OPSHAHOTO BUKOPHCTaHHS 3eMEIBHIX
pecypcis [4].

Tomy nepaBa MOBMHHA HETalHO CIIPUSTH BUPI-
IICHHIO OCHOBHUX IIPOOJIEM TepUTOpIaJIbHUX TpoMal,
SIKi BUHUKJIM B NIEPioj] IPOBEACHHS aIMiHICTPaTUBHO-
TepUTOpiasibHOT pedopMH 13 BIPOBAIKEHHS €KOJIOTO-
E€KOHOMIYHOI MeXaHi3My e(peKTUBHOCTI 3eMEIBHIX pe-
CypCiB, 3a paxyHOK paIliOHAIFHOTO BHUKOPHUCTAHHS,
BIITBOPEHHS Ta OXOPOHHU 3eMeEINb CUTBCHKOTOCHIOIap-
CBKOTO TPHU3HAYCHHS, OCTIITHOTO BIIOCKOHAJICHHS 3¢-
MENBHUX BiTHOCHH Ta IMOKPAIICHHS e(eKTUBHOCTI YII-
paBIiHHSA 3€MEIbHUMH pecypcaMH, CTBOPEHHS yMOB
Julsl 3a0e3MeveHHsT CaMOJOCTATHOCTI TEPUTOPiaIbHIX
rpomaj, 1o He JIMILE JacTh 3MOT'Yy 3HU3UTH HaBaHTa-
JKEHHSI Ha OIOJDKETHY CHCTEMY, aje H CTHMYJIIOBaTH-
MYyTh aKTHBi3aIlil0 MICIIEBUX TPOMAJI 10 Y4acTi Y po3-
BUTKY BIIACHOI TEPUTOPIi, MiABHUIICHHSA €(eKTUBHOCTI
BUKOPHUCTaHHA (DiHAHCOBUX Ta iHIIUX pecypcis [5].

Tomy edexTHBHICT CHCTEMH YNpaBIIiHHSI 3eMe-
JBHUMHM pecypcaMy ITOBUHHA 3/[IHCHIOBATUCH 3 ypaxy-
BaHHSM O0'€KTMBHUX 3aKOHOMIpHOCTEH ii PO3BHUTKY y
BIZMOBITHOCTI 10 piBHS OpraHi3auii yrnpasiiHHS Ta pi-
BHIO PO3BUTKY OpTraHi3aliifHO-eKOHOMIYHOI CHCTEMH,
i3 3a0e3me4YeHHs ONTHUMAJIbHOTO CITiBBiJHOIICHHS
CTPYKTYpPH YTillb, THITIB 3¢MJICKOPUCTYBaHb Ta 1HIIHX
3axOiB IIOJO BIOCKOHAJCHHS CHUCTEMU YIPaBIIiHHS,
Jle MatoTh OyTH aJIeKBaTHI IEPETBOPEHHS, 110 3T1HCHIO-
€THCA SIK B €KOHOMIIIi KpaiHM TakK i B IpoIeci 3eMeIbHOT
pedopmu. A came gepes:

- NPHUBEJIEHHS OpraHi3aliifHOI CHCTEMH YIpaB-
JIHHS y BIANIOBIJHICTH TOCIOJAPCHKOTO MEXaHi3My 3
BUMOTaMH CYCIIIJIBHUX Ta 3¢MEJIbHUX BIIHOCHH,;

- po3pOOKY SIKICHO HOBHX CHCTEM YIPABIiHHA 1 1X
opraHizauiiHux (GOpM Ta CTPYKTYD;

- pamioHaJi3allii0 B3a€MOBIIHOCHH MiX CyO'ek-
TaMH 1 00'€KTaMU yIpaBIiHHS;

- 3MII{HEHHSI B3a€MO3B'I3KIB MK €JIEMEHTaMH CH-
CTEMH YIIPABIiHHS.

3Ba)karouM Ha BUILE BUKJIaJeHE, MOKHA BUIIIUTH
MIPIOPUTETHI HANPSIMK TiSUTBHOCTI Ep)KaBH B IHMTaH-
HSIX 36MENIBHUX BITHOCHH 3 METOIO 30€pEKEHHS, 0X0-
poHM 1 3a0e3neyeHHs palioHaJbHOTO BHUKOPHCTaHHS
3eMJli B pUHKOBHMX YMOBax rOCIOJapIOBaHHS Ta B IIe-
pioa TpoBeAEHHS aIMiHICTPAaTHBHO-TEPUTOPIaNbHOT
pedopmu B YkpaiHi, a came:

Y 1oCKOHaJIEHHS 3€MEJIBHOI'0 3aKOHAJaBCTBO, 30-
CepeAMBIIN yBary Ha aJalTalifo HOro 10 3araJbHOEB-
POTIEHCEKIX HOPM Ta BpaxXyBaHHSAM CTBOPEHHIM TepH-
TOpiaIbHUX TpOMaJl. B KOHTEKCTI yIpaBIliHHS PO3BUT-
KOM  3€MEIIbHUX  pecypciB  HEOOXiTHO  UiTKO
nepea0aYuTH OCHOBHI IIOBHOBaXCHHS TEPUTOPIaIbHIX
rpoMaj xoda 0 Ha 6a30BOMY piBHI, sIKi TIOBHICTIO OY-
JyTh BiJIOBIIaTH NPUHLIUIY CyOCHAIapHOCTI Ta Jele-
HTpai3arii.

[HCcTHTYLIOHAI3AIST BIACHOCTI Ha 3eMelbHI pe-
CypcH Ta MPHUPOJIHI pecypcH B miioMy. Sk mporec iH-
CTUTYLIIOHAJII3a1lis lepe10ayae BCTAHOBJICHHS PEKUMY
BJIACHOCTI, TIpaB, 000B’SI3KiB Ta BiAMOBIIAJILHOCTI Bia-
CHUKIB 1 KOPHCTYBa4iB peCcypciB, CTPYKTYPH ITOBHOBA-
JKEHHS 1 BIiAMOBITAIBHOCTI MPO(UILHUX 1 30BHINTHIX
JepKaBHAX Ta TEPUTOPIalIbHUX OPTaHiB yIpaBIiHHA,
KOHTPOJIIO I OXOPOHH JOBKUIS, PErIaMEeHTAIlI0 y4a-
CTi FPOMAJICBKOCTI Ta HEYPSIOBUX OopraHizarii. Sk pe-
3yJNbTAT HacaMIepe Mae Ha MeTi GOpMyBaHHS JiEBOTO
3aKOHOJIABUOT'O MOJIS BiJIOBIJHO JI0 BUMOT 4acy, 3a-
Oe3reueHHs] ONITUMAJIBHOI CTPYKTYPH BJIACHOCTI 1 piB-
HUX KOHKYPEHTHHX YMOB JUIsi BCiX ()OPM BIJIACHOCTI,
e(eKTUBHUN pPO3NOAia (YHKIIH yNpaBiiHHS, KOHT-
POJIIO 1 OXOPOHHU TIPHPOAOKOPUCTYBAHHS, LIEHTpaJIi3a-
[il0 Ta JENEHTpali3allilo MOBHOBaXXCHBICPKABHUX 1
TEPUTOPIaTbHIX OPTaHiB BIAIH.

3anpoBamkeHHs J[ep>kaBHOTO 3eMETBHOTO Kaja-
CTpY K 0a30BYy OCHOBY IS BEICHHS iHIIINX KaJacTpiB
Ta PEECTPIB, B TOMY YHUCII i €KOJOTIYHUX 1 IPUPOT00-
xopoHHHX. Ha ocHOBiI 6a3u [lepkaBHOTO 3eMEIHHOTO
Ka/1acTpy HE0OXiJHO BBECTH Ha IOBHY MOTYXHICTb pe-
€CTpalliifHy CHCTEMy €BpOINEHUCHKOTO 3pa3ka, sKa
BKIIIOUATUME PEECTPAIlil0 HE TUTbKU 3eMeNbHUX JIiJIs-
HOK, a ¥ iIHIITIOT0 HEpyXOMOTO MaifHa, SIKe Ha Hil 3HaX0-
JUTHCS, B TOMY YHUCIII OOMEXEHHSI 1 OOTSHKEHHS 111010
HUX.

Po3BHTOK JepkaBHO-IIPUBATHE IapTHEPCTBA, JIE
3a MPUKIAI0M KpaiH €Bpomnelicekoro Coro3y BIpOBa-
JDKEHHS CXeMHU (iHAaHCOBOI I ATPUMKH PO3BHUTKY CLIIb-
CbKHMX PalOHIB, 30KpeMa HIISIXOM YiTKOTO PO3MEXKY-
BaHHS (piHAHCYBAaHHS PO3BUTKY CUIBCHKHX PalOHIB Ta
(hiHAHCOBOI MiITPUMKH PHHKY CIIBrOCIIPOIYKILii, 3a-
MIPOBA/PKEHHS MJIbIOBOT CUCTEMH KPEIUTYBaHHS Cijlb-
CHKOT'O TOCIIOJIAPCTBA, IO I03BOJIHUTH MiITPUMATH €KO-
JIOTO-€KOHOMIYHHUH CTaH IPYHTIB Ha HAJIEKHOMY PiBHI.

Taxox 3 MeTol0 iHTErparii YKpainu y nporuec Bu-
pilIeHHs TII00AIFHIX €KOJIOTIYHUX IPoO0IeM, a TaKoXK
HaIlOHAJILHOI €KOJOTTYHOI O€3IEKH Ta COLiaIbHO-EKO-
HOMIYHOT'O PO3BUTKY, BIIPOBA/DKEHHS 'HYYKNX MEXaHi-
3MmiB Kiorchkoro nporokoiny PamkoBoi konsentii OOH
PO 3MiHY KJIiMaTy (MeXaHi3M YHCTOTrO PO3BHUTKY, CIIi-
JIbHE BIIPOBADKEHHS, TOPTiBJIS KBOTAaMH HA BUKHUJN),
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Jie BO)KJIMBO OL{IHUTH BIUIMB TOCIIOJAPCHKOI AisIIBHOCTI
I0J10 3€MJICKOPUCTYBAHHS, 3MiH Y 36 MJICKOPUCTYBaHH1
Ta JICOBOTO rocIroapcTBa Ha OanmaHc abcopOrii i BH-
xuais CO? Ta iHIINX TApHUKOBHX Ta3iB.

Po3pobnenHst crparerii po3BUTKY 3eMEIbHUX BijI-
HOCHH, BKJIFOUMBIIY IPOTPaMHi iHCTPYMEHTH B PO3BH-
TOK arpapHOTO CEKTOPY Ta CUILCHKHX TEPHUTOPiH, Ta-
KO I110JI0 TIOKpAIIEHHS JepP>KaBHOT eKOJIOTIYHOT HOJTi-
TUKU 13 palliOHAILHUM BHKOPHCTAHHSM 3EMEIbHHIX
pecypciB. [TocunenHst po6oTH 3 MiJBHIICHHS TPaBOBOT
Ta €KOJIOT1YHOT KYJIbTYPH Cy0’€KTIB 3eMEJIbHUX BiJHO-
CHH.

BBeneHHS MeXaHI3MY CTPaXxOBOTO 3aXHCTY SKic-
HOTO CTaHy OPEHJOBAaHUX 3eMENbHUX IUISHOK, IO J0-
3BOJIUTH MMIJBUIINTH MaTepialdbHy BiIIMOBITAIBHICTD i
3aIliKaBJICHICTh OPEHIAPiB Y MiHiMi3alii HEraTHBHOTO
BIUIMBY iX TOCIIOapPCHKOI MisSUTBHOCTI Ta i ICHIINTH KO-
HTPOITb 38 BUKOPUCTAHHIM KOIITIB ST TOTIEPEIKEHHS
1 JKBiAAMii HACTIIKIB IOTO BILTUBY CJix OyJio O BBe-
CTH.

BucHoBku Ta mpomo3uuii. Otox, /U1 HOKpa-
IIeHHS €()EeKTHBHOCTI BUKOPHCTAHHS 3€MeITb CLILCHKO-
rOCIOAaPCHKOr0 MPU3HAYCHHSI, I IBUIICHHS CIJIbCHKO-
rOCIOJIAPCHKOT0 BUPOOHMIITBA, PO3BHUTKY COLIaIbHOL
chepu TepUTOpiAILHUX T'poMaja, MOTPIOHO 00'€MHATH
3YCHJIIA BCiX: TEPUTOPiaTbHUX IpoMaJ], 013HECOBHX ar-
POCTPYKTYp, NMPEACTaBHUKIB IHIINX OpraHi3amii, sKi
MPAIIOIOTh Ha TEPUTOPIi 00'eTHAHNX TEPUTOPiaTbHUX
rpoMas. A TakoX B 4ac MpoBeACHHS pedopM aeprkaBa
TIOBHHHA SIK HAlfaKTHUBHIIIIE 3ACTOCOBYBATH CBOIO PEry-
JSITUBHY (YHKIIO 1 BCl HasBHI Bakelli B yNpaBJiHHI
CUIBCBKMMH TEPUTOPISIMH, B IEPIIY Yepry BIOCKOHA-
JIFOFOYH YIIPABJIiHHS 3eMEJIbHUMU PECypCaMHu.

Bce 11e MOXJIHMBO, SIKIIO 320€3MeYNTH BiJIbHY KOH-
KypEHLII0 Ha PUHKY 3 eJIeMEHTaMH Jep)KaBHOI peryJis-
TOPHOI TIOJNITHKH; 3aIIPOBAUTH CHCTEMY COIIalIbHOTO
3aX¥CTy HACEICHHS BiJl HETATUBHUX SIBUIIL, TTOB’ I3aHUX
i3 pehopMyBaHHSIM Ta peOpraHi3amielo 3eMeIbHHUX Bifl-
HOCHH 1 arpapHOT0 CEKTOpPY €KOHOMIKH; HaIaTH TepH-
TOpIATEHUM TPOMajJaM OiNlbIlle MMOBHOBAKCHB IIOAO
BUPIIICHHS 3¢MEIEHUX MTUTAHb.

Kpim Toro, notpiGHO crpsiMmyBaTu BCi 3yCHILIS Ha
BUDILIICHHA MUTaHb 3a0€3ME€YeHHS OXOPOHHU 3EMellb,
MIIBUILIEHHSI POJIOYOCTI TPYHTIB Ta €KOJIOriuHOT 0e3-
MEKH CITbCHKUX TEPUTOPIH IUIAXOM 3IiHCHEHHS KOM-
IUIEKCY 3aXO[iB BiIMOBIIHO JO TPOEKTIB 3eMIICYCT-
pOI0, PO3pOOKY SIKHX, Y 3aKOHOJABUYOMY MOPSJIKY,

BCTAaHOBUTH O0OB'SI3KOBOIO IS BCIX 3€MJICKOPHCTYBa-
9iB.

Bce 11e macth 3MOTY i IBUIITUTH €(PEKTHBHICTh BH-
KOPHCTAaHHS 3€MEIIbHUX PEeCypciB HOBOYTBOPCHHX Te-
PUTOpPIATEHUAX TPOMaJ B ITEPioJ] MPOBEACHHS aAMIiHICT-
paTHUBHO-TepHUTOpiaabHOI pedopmu B YKpaiHi, o 1mo-
BUHHA CTaTH CKJIAJI0BOIO YaCTUHOIO €JIUHOT JEPKaBHOT
€KOJIOT0-€KOHOMIYHOT TTOJIITHKH, SKa 3a0e3neuye paiti-
OHaJIbHE BUKOPUCTAHHS, OXOPOHY Ta yIPaBJIiHHS BCiMa
3eMEJIBHUMHU PECypcaMu, a TaKOX CIPHUSIE 3ampoBa-
JOKCHHIO y3TOJIKCHUX il OpraHiB JIEp)KaBHOI BIaJH,
MICIICBOTO CAMOBPSITyBaHH:, 36MJICKOPUCTYBAYiB 1 Ha-
YKOBOi CHIIBHOTH.

TaxuM 9rHOM, PO3p0OKa ePEKTUBHUX PeaTiCTHY-
HUX KOMIUIEKCHHX TIPOTPaM MO0 PO3BUTKY CiJIbCHKHIX
TEPUTOPIAUTEHUX TPOMAJ], IOBUHHA CTATH CTPATETIdHO
Ba)XJIMBOIO CKJIAJIOBOIO PO3BHUTKY PETIOHY, IIEPeIyciM 3
OTJIAY Ha IPOIOBOJIBYY, IeMOTpadiduHy Ta eKOJIOTiYHY
Oe3meky YKpaiHu.
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AHOTAILIS

VY3araipHEHO Ta IPOaHai30BaHO pe3yJIbTaTh TOCITIHKEHb Ha OCYIIYBalIbHO-3BOJI0XKYBaJIbHOI cucTteMu «Po-
MeH» 3a ocTaHHIX 85 pokiB. [IpencraBieHi pe3ynbTaTH OCHOBHHX MiICYMKIiB pOOOTH CUTBCHKOTOCHOJAPCHKOTO
OCBO€HHA OCYIIYBAHUX 3C€MCJIb Ta BIPOBA/IPKCHHS HAYKOBUX JOCATHCHB IIPU Meniopaui'l' 6omiT 1 MEPE3BOJIOKCHUX
3emedb JliBobepeskHoro Jlicoctemy Ykpaiau. BucBitieHi OMIMBHICTE 1 aKTyalbHICTh BUKOPUCTAHHS B TAHHIA Yac
arpOTEXHIYHUX MPUHOMIB €(DEeKTHBHOT'O OCBOEHHS OCYITyBaHUX 3€MeNb Ha MPHUKIAJi HayKOBUX po3pobok. Hase-
JICHI 1aHi JOCITIHKEHb Ta CIIOCTepe)KeHb HAIPaBJICHI HA IiABUICHHS BPOXKAIHOCTI CUTBCHKOTOCIIONAPCHKUX KY-
JBTYP BUPOIIYBaHHUX HA OCYIIYBaHUX 3eMJIIX, OOpOOITKY UIMHHKX 1 CTApPOOPHUX IPYHTIB, HOPM, POPM, CTPOKIB
i C1I0co0iB BHECEHHS MiHEPAJIBHUX Ta OpraHiuHUX 100puB. OnucaHi HAyKOBI HAIPAIIOBaHHS MOXIIUBOCTI BUPO-
IIyBaHHS HAa OCYIIYBAIbHHUX 3€MJISX MAJIONIOLUIMPEHUX KYJIBTYP, SIKi € IePCIEeKTUBHUMHU B CyYacCHUX YMOBax 3MiH
kiiMaty JlicoctenoBoi 30Hu. HaBenenuii oris ycninHuX BUNMPoOYBaHb arpOTEXHIKK BHPOLILYBaHHS TEXHIYHUX
KyJIbTYp, CTBOPEHHSI KYJIbTYPHHUX CIHOKOCIB 1 macoBuill. BiziMiueHO OCHOBHI HaNpsIMKH 110 po3po0iii Bo1o30epira-
10401 TEXHOJIOTI] 3BOJIOXKEHHS MEJIOPOBAHUX 3€Mellb, SIKa Aa€ MOMJIMBICTh HOKPAIIUTH €KOJOTIYHUH PEXUM Ha
MeJ'IiOpaTI/IBHI/IX CHUCTEMAX. Cy‘IaCHi ACIICKTU B CKCIICPUMCHTAJIbHUX HAIPSIMKaAX Z[OCJ'IiZ[)KeHB e 3aCTOCYBAaHHA
KOHTYPHO-BOJIOAKYMYJTIOIOUHX CHCTEM IIPH MeTiopallii 0e3CTiTHIX MOHKEHB, pO3pOOJICHHS Ha OCHOBI Oarartopi-
YHUX I[OCJ'IiZ[)KeHL OCHOBHHUX TEXHOJIOTTYHUX napaMeTpiB BUPpOLIYBaHHA BUCOKOIIPOAYKTUBHUX KOPMOBHUX KYJIb-
Typ (maii3u, aMmapaHTy Ta KOPMOBHX 000iB) Ha OCYIIyBaHUX 3€MIIIX 3 YpaXyBaHHSAM IIPUPOTHO-KIIMATHIHAX YMOB
Ta KOHCTpYI(TI/IBHO-TeXHOJ’IOFi‘{HI/IX ocobnuBoCTER MCJ'IiOpaTI/IBHI/IX CHCTEM SIKI € peOpe3eHTaTUBHUMU JISI TEPU-
Topii ryminHOi 30HH Ykpainu JliBoGepexnoro JlicocTerry.

ABSTRACT

The results of research on the drainage and humidification system "Romen" for the last 85 years are general-
ized and analyzed. The results of the main results of the work of agricultural development of drained lands and the
introduction of scientific achievements in the reclamation of swamps and wetlands of the Left Bank Forest-Steppe
of Ukraine are presented. The expediency and urgency of currently using agrotechnical methods of effective de-
velopment of drained lands on the example of scientific developments are highlighted. The given research and
observation data are aimed at increasing the yield of crops grown on drained lands, cultivation of virgin and old
arable soils, norms, forms, terms and methods of mineral and organic fertilizers. The scientific developments of
the possibility of growing on the drainage lands of uncommon crops, which are promising in modern conditions
of climate change of the Forest-Steppe zone, are described. An overview of successful tests of agricultural tech-
niques for growing industrial crops, creation of cultivated hayfields and pastures is given. The main directions for
the development of water-saving technology of moistening of reclaimed lands, which makes it possible to improve
the ecological regime on reclamation systems, are noted. Modern aspects in experimental areas of research are the
use of contour-water storage systems in the reclamation of drainage depressions, development based on many
years of research of the main technological parameters of growing highly productive forage crops (paise, amaranth
and fodder beans) on drained lands taking into account natural climatic conditions features of reclamation systems
that are representative of the territory of the humid zone of Ukraine of the Left-Bank Forest-Steppe.

KaiouoBi ciioBa: BojHMI pexXxnuM, BpOXKaifHICTh, METIOpAaTHBHI CHCTEMH, OCYIITyBaHi 3eMJli, CIILCHKOTOCIO-
JIapChKi KyIbTypH, TOpQOBI 1 MiHEpaIbHI 3eMIi.

Keywords: water regime, yield, reclamation systems, drained lands, agricultural crops, peat and mineral
lands.
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IMocranoBka mpo6jemu. B arpapHomy cexropi
Ykpainu B OCTaHHIN 9ac BiIOyBaIOTHCS K €KOHOMIiUHI
Tak 1 KJIIMaTH9HI 3MiHH, IO BAMAararmTh 3BEPHYTH Oi-
JBITY yBary Ha OCYyIIyBaHi 3eMJi B T.4. i B 30Hi JliBo-
6epexxnoro Jlicocremy. Jlns migBUIIEHHS BHCOKOIIPO-
JIyKTUBHOTO BUKOPHCTaHHS OCYIIyBaHUX 3€METIb Ta €KO-
HOMIYHOTO OOTPYHTYBaHHS IOLUTBHOCTI IHBECTHIIH y
MeJTiopoBaHi 3eMJIi, 110 JaCTh MOKIJIUBICTH O/IEPXKaHHS
JIOZIATKOBOTO NPHOYTKY, MOTPIOHO BPaxoByBaTH po3-
poOJIeHI HayKOBI TEXHOJIOTI] BHPOIIYyBaHHS CIJIbCHKO-
TOCIO/IAPCHKUX KYJBTYP Ha OCYIIyBaHUX 3eMIISIX IPH
e(eKTUBHOMY OCBOEHHI OOJOTHHX 1 MEPE3BOJIOKEHUX
MIiHEpaJIbHUX 3€MENb Ul 3a0e3MCUeHHs ONTHMAlb-
HOTO BOJTHOTO 1 ITOYKMBHOTO PEKUMIB B OPHOMY IIapi.

Haii0inpm akTyadbHUMH OYyAyTh MOCIIIKCHHS,
CIpsIMOBaHI Ha BJOCKOHAJICHHS BOJOPETYIIOBAHHS Me-
JOpaTUBHUX 00’ €KTIB MPH JOTPHUMAaHHI OITUMAIIEHOTO
BOJIHO-TIOBITPSIHOTO 1 MOXXHBHOTO PEXHIMIB OCYIITyBa-
HHX IPYHTIB, CKOHOMIUYHHX Ta €KOJIOTIYHMX BUMOT 3Ti-
JIHO 3 nosokeHHsaME «Ctparerii...» [1]. Amke, rioba-
JIbHI Ta perioHajbHi KIIIMaTHYHI 3MiHH, SKi XapaKTepH-
3YIOTBCS ~ MEPEBAXKHO,  CTIMKUM  MJBHUIICHHSAM
TEMIIEpaTypPHOTO PEXUMY, ICTOTHO BIUIMHYJIM Ha
YMOBH Boj103a0e3mneucHHs Ykpainu [2 ].

BaxnuBse 3HaUeHHS Ma€ y3arajlbHEHHS OaraTtopid-
HuxX nociimkens IBIIIM HAAH, npoBenennx Ha 6a3i
OCYIIIyBaJIbHO-3BOJIOKYBaIbHOI ~ cuctemMu  «Pomen»
CyIbCBKOTO JOCIIAHOTO TS B yMoBax JliBoOepek-
Horo Jlicoctemy. 3a wac poOOTH HayKOBO-IOCIHIiTHOT
ycTaHOBH 3i0paHa 3HaYHA KiJIBKICTh MartepialiB edek-
THUBHOTO BUKOPUCTAHHSI OCYIIYBaHHX 3€MeJjb, BCTAHO-
BJIEHI HOPMH OCYUICHHS Ul OKPEMHX CLICHKOTOCIO-
JIAPCHKUX KYJIBTYp 1 IifiOpaHi HalOLIbII ypokaiiHi co-
pTH, pO3po0JIeHi cepeiHi HOpMH BHECEHHS TI00PHUB ITi[
OCHOBHI KyJIbTYypH, BUBYEHI CII0COOM OCHOBHOTO 00pO-
OiTKy I'PyHTY 3 BpaxyBaHHS CTYNEHsS OKYJIbTYpPEHOCTI
rpyHTiB. [IpoBenena 3HayHa pobOoTa 1Mo po3poodii Hay-
KOBUX OCHOB CTBOPEHHS CiBO3MiH, po3po0IieHi
MPUIOMH BUPOIILyBaHHS BUCOKHX BPOXaiB CIIIbCHKOTO-
CHOJApCHKUX KYJIBTyp 1 cmocodu OopoTedn 3
Oyp’siHaMH, BIOCKOHAJICHI TEXHOJIOTii peryIoBaHHSI
BOJIHO-TIOBITPSIHOTO PEXKHMMY 32 JJOIIOMOT'OI0 EKCIIepH-
MEHTAJILHHUX TEPEBIPOK y BUPOOHUYHMX YMOBaX HOBHX
THUIIB METIOPAaTUBHUX CHCTEM.

Be3 HasgBHOCTI IHTEHCUBHUX TEXHOJIOTIH, afanTo-
BaHUX J0 3MiH KIIMaTy B yMOBax AeQiluTy MpHPOJI-
HOT'O BOJIOr03a0€3MeUeHHs1, BUPOIYyBaHHS CiJIbChKOIO-
CIO/IapCHKUX KYJbTYp CTa€ HepeHTabenpHuM. Lle cro-
CYETbCS 1 BHUKOPHCTAHHS OCYLIyBaHUX 3€Mellb
JliBob6epexxnoro Jlicocrery. Ampke epeKTUBHICTb OCY-
IIyBaJbHUX MEJIOpaliil i BUKOPHCTaHHS MeliopoBa-
HHX 3€MeJb 3aJeXKHUTh Bil ONITUMAIBLHOTO MOETHAHHS
TEeXHIYHUX, TEXHOJOTIYHMX Ta OpraHi3amifHuX pi-
IIeHB, AKi 0a3yr0ThCSA HA aHAJi3i Ta y3arajdbHEHHI Ha-
OyToro JOCBiqy OaraTopiuHUX JOCIHIIKEHb, MMPOBEIE-
HUX B IIbOMY DErioHi, Ta po3po0JieHH] Ha Iiif OCHOBI
METOJIOJIOTIi BEJACHHSI KOMIUIEKCHUX MeJliopalliidi Bpa-
XOBYIOYH OCOOJIMBOCTI CIIIBCHKOTOCIIOIAPCHKOTO BUKO-
PHCTaHHS OCYIIyBaHHUX 3€MeIb Ta CydacHi KJIiMaTHIHI
3MmiHH [3].

3aIMIIalThCsl aKTYAIBHUMU JOCTIDKEHHS IpHU-
HOMIB onTHUMi3anii TEXHOJIOTIYHUX 1 BHYTPIIIHIX YMOB

JUISL T IBUIIEHHS €DEKTUBHOCTI BUKOPUCTAHHS IPUPO-
JTHUX PECypcCiB MIISIXOM MPOTrpaMyBaHHs BPOXKAHHOCTI
KynbTyp. B yMoBax HECTIHKOTO TPHUPOIHOTO 3BOJIO-
YKCHHSI TAHOT'O PETi0HY Ba)KIIMBUM € Ha CHOTO/IHI OITH-
Mi3alis 30BHIMIHIX YMOB Ui BHpIMIEHHS HpobieMu
JOLTBHOCTI PO3BHUTKY 3POIICHHS 3 BU3HAYCHHSIM OC-
HOBHUX MapameTpis [4].

e CydJacHUM acreKToM pealti3auii BogoperyIo-
I0YMX 3aX0/1iB HA OCYIIYBaHHMX 3EMJISIX € 3aCTOCYBaHHS
peCypCOOIIANIMBUX TEXHOJIOTIH pEryJIloBaHHS BOJ-
HOTO PEXHMY, B OCHOBY SKHX IOKJIQIECHO OOIPYHTY-
BaHHS JOIUIBHOCTI 3aCTOCYBaHHSI HEBEIMKHX HOPM
3pOIIEHHS, IO € aKTYaJIbHUM, SIK TIOKa3y€ HassBHUH J10-
CBiJ, B yMOBaXx JIIMiITOBaHOI KIJIbKOCTi ITOBEPXHEBOTO 1
JPEHaXHOTO CTOKY.

MeTto1o 1ocaigKeHb € y3aralsHeHHS Oaratopid-
HUX HaAyYKOBUX JOCIIKeHb B 30Hi JliBoOepexuoro Jli-
cocTemny YKpaiHH (Ha OCyIIyBaJIbHO-3BOJOXKYBAJIbHIN
cucteMi «Pomen») Ta HOro BUKOPHCTAaHHS JJIsl HAYKO-
BOT'0 3a0e3MeUeHHS Cy4acHOTo (h)YHKIIIOHYBaHHS BOJIO-
PETYJIIOI0YHUX CUCTEM Ta ITiABUIIEHHS IPOYKTHBHOCTI
OCYIIIyBaHHX 3eMeJIb B YMOBaX 3MiH KJIiMaTy.

IcTopuuna noBigka. BipoBamkeHHs HMpoKoMa-
cIuTaOHOI MporpaMu Mejiopalii 3eMesb Ha IOoYaTKy
MUHYJIOTO CTOPITYS 3yMOBIIIO HEOOXIHICTE PO3pOOKH
HAYKOBO OOTPYHTOBAaHMX 3aXO0JiB €()EeKTHBHOTO OCY-
LIEHHS 1 BUCOKONPOIYKTUBHOTO BUKOPHCTAHHS BBEZIE-
HUX B CLTBCHKOTOCTIOAAPChKE BUPOOHUIITBO OOIIT Ta
3200JIOUCHNX 3€MeJb, HAYKOBUX JIOCHTIIPKCHb BIUIUBY
OCYIIyBaJIbHUX CHCTEM Ha BUPOILyBaHHS CIJIbCbKOTOC-
NOAapChKUX KyJbTyp B 30HI JliBoOepexxHoro Jlico-
creny. Tomy 3a pimennsm Hapkomzemy YPCP 6Gyio
crBopeHo CylbChbKe JIOCHIHE T0JIe 0 OCBOEHHIO 0O-
JIT (Ha OCYUIyBaJIbHO-3BOJIOXKYBaJIbHIH cuctemi «Po-
MeH» Ha 0a3i Pyans-PagoBenbcbkol 60510THOT goci-
HOT CTaHIIii).

Hocnimae mone, ske 3acHoBaHe y 1932 p., Oyio
OJTHHM 13 HalCTapiluX JOCIiTHAX YCTaHOB 30HU Jlico-
creny Ykpainu. [lo cknamy IOCHIIAHOTO MO BXOAWIO
JIBa HAYKOBHX BiJUIITH (arpoMeioparii Ta OCyIIeHH),
Ha HOoro TepuTopii OyJI0 BCTAHOBJIEHO METEOPOJIOTIUHY
CTAHIIIIO Ta OPTaHI30BaHO arpOTEXHIYHY JIabOpaTOpito.

[lepmiumMy HayKOBMMH CIIBPOOITHHKaMH OyJiH
C.A.Ilanstanuko, H.K.Cepriescokuii, A.IT.J[omeHko,
C.C.I'manyn, M.K.KoBaneBuu, B.C. Makcumenko, L.I.
Taitnap, I'.H. KoBanenxo, M.®. Benuuko Ta iH.

JlocmipkeHHsT arpoTeXHIYHAX MPUHOMIB BUPOIITY-
BaHHS 3€PHOBHX 1 KOPMOBHUX KyJIBTYp Ha OCYIIyBaHHX
3eMJISIX MPOBOJMIINCST HAYKOBISIMH JOCIITHOTO IIOJIS
M7 KEepPIiBHUITBOM WICH-KOPECIOHICHTa AxaaeMii
HayK, JIOKTOpa cilibcbkorocnoaapcbkux Hayk M.O.Tro-
neHeBa [5]. 3rooM HayKOBi JOCIHIKEHHS 3 PI3HUX TH-
TaHb HAYKOBOTO 320€3Me4YEeHHS] BAKOPUCTAHHS OCYIITY-
BaHMX 3eMenb JliBoOepexxkHoro Jlicoctemy mpoBOAMIN
Buerni IBITiIM HAAH O.B.Ckpunank, M.M.Mocto-
Buii, B.P.I'imOapskeBchkuii, M.B.Suk Ta in. [5,6].

Metoauka aociaigxedb. CUCTeMHHMI aHali3 Ta
y3arajgbHEHHsS 0araTOpidyHUX JaHWX MOJBOBHX IOCIi-
JUKeHb 3a nepion 1935-2020 pp. € OCHOBHUMH METO-
JIaMH JUTS HATMCAHHS cTaTTi. JlociiKeH s 1 criocTepe-
JKEHHsI TIPOBOJIMJIM 3arajbHONPUHHATUMH B Melliopa-
THBHOMY 3eMJIEpOOCTBI METOJaMU B CTalliOHApHHUX
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MOJIBOBHX JOCHIIaX HA OCYIIYBaHHUX 3€MJISIX B JIICOCTE-
noBi# wactuHi JIiBoOepexoKs, SKi € JACTHHOIO OCYIITY-
BaJIbHO-3BOJI0XKYBaJIbHOI cUCTEMHU «PoMeny.

OO0’€eKT 3HAXOJMUTHCS Ha OCYIIEHOMY OOJIOTI 3a-
T1aBu p. POMEH, TIOXO/KEHHS 1 THIT XapaKTepHi JJIs
yMoB JlicoctenoBoi 30Hu Ykpaiau. J[ocimimHi AiITHKHA
pPO3MIIICHI Ha TaKWX 3eMJIAX: MiHepayibHI IpyHTH |l
HaJ3aIlyIaBHOI TepacH 3 Pi3KO BUPAKEHUMH MiKpOIO-
HIDKCHHSIMM Ta TJIMOOKI, cepenHi 1 MiIKOTOp(hOBOBI
Topd’sitHuku. Tepuropis HOCHITHMX AUISHOK 3aiiMae
MPUPYCIIOBY 3aIljlaBy B KOPUTONOAIOHIH gonuHi p. Po-
MEH.

I pyHTOYTBOPIOBAJIBHI IIOPOIHN TOJIMHHE p. PoMen —
TIe AJTOBiaJIbHI JICCOBUIHI KapOOHATHI CYTIIMHKH, SIKI €
MPOAYKTaMH PO3MHBAHHS Ta BiAKIIaAaHHS Jecy. Mare-
PUHCHKHMH TPYHTOYTBOPIOBAJHLHUMH ITOPOIAMH Hal-
MipHO TIEPE3BOJIOKESHUX IPYHTIB € JICCOBU/IHI CYITICKH 1
CYTJIMHKH, TIEPEBaYKHO JIETKOTO Ta CEPEeTHHOTO MEXaHi-
YHOTO CKJIaly, a TaKokK (QIIIOBIOTIISIIAIbHI MICKU 3
NpoLIapKaMu CYIICKiB 1 CyTJIMHKIB[7].

B ocHOBHOMY MacuB 3aIlaBH CKJIaJar0Th TOP(OBI
6araTto30ibHI IpyHTH (301bHICTE 20—50 %). Haiioinpm
nommpeHi Tyt riaubokoropdosi (topdosuii map 1,5 m
Ta OinblIe) Ta cepeaHboTopdoBi (Topdosuii map 1,0—
1,5 M) rpyHTH. MinTKOTOp(}OBI IPYHTH 3yCTPIYarOTHCS
cepell HUX OCTPIBISIMU.

OTtopdosani rpyHTH (3011BHICTE 50—85 %) 3aiima-
I0Th IPHUPYCIIOBY CMYTY JIIBOT'O Oepera Ta nepudepiiHi
IUITHKA 0os10Ta. B MicIsax mepexoy Bim 3aruiaBd 10
TepacH 3alTaloTh ICPHOBI HAHOCHI IPYHTH.

Topdori ta oTopdosani rpyHTH chopmyBanucs
Ha HHU3WHHOMY TPaB'SHUCTOMY ajKaiiTpodHOMY O0-
70Ti. 3a00709yBaHHS 3aIUIaBU 1 YTBOPEHHS LIUX TPYH-
TIB 3yMOBJICHE HAJIMIPHUM 3BOJIOKEHHSM, SIKE ITOB'S-
3aHe 3 MaJHMM CTOKOM IIOBEHEBHMX Ta JEIIOBIAIbHUX
BOJI, III0 HAJXOJATH Ha 3aIlIaBy 3 KOpiHHOTO Oepera, i
ONMM3BKHUM 3aJATaHHSAM IPYHTOBHX BOJ BiJl IIOBEPXHI.

OCHOBHUMH POCIHHAMH-TOP(HOYTBOPIOBAYAMH €
0COKa, ouepeT, 000IBHUK, XBOIII, BOJSHA JILTis, OOJIOTHI
3JIaKH, 3€JI€H] TITHOBI MOXH Ta BIJIbXA.

Boraniuamii cknag Topgy B OCHOBHOMY pi3HOTpa-
BHO-OCOKOBO-TINMHOBHI. [ nOuHa 3ansranus Topdy Ha
JocniaHiid ginsHi craHoButh 1,2 — 1,0 M. Topdosi
IPYHTHU IOCIIHOT AUISHKH, 5K 1 B IEPEBaXKHIHN O1IIbIIIO-
cTi Bci Top(hoBO-O0NOTHI TPYHTH, Oarati a30TOM, Kap-
6oHaTamu, 3a11i30M, OKHCIaMu. BepxHiit ropu3oHT (110~
TyXHicTh 0,25 M) gemio 30araueHuil Kamiem, MpoTe B
HIDKYHMX TOPU30HTAX Kaliro i hocdopy myxe mao.

B pesynbraTi moBeHeH HaHOUTBII MiHEpai3oBa-
HUMH CTaIN TOP(HOBI I'PYHTH NPHUPYCIOBOI YaCTHHU 1
nepudepiliHi AIISHKY 3a1U1aBH. 3a pe3yIbTaTaMy arpo-
XIMIYHUX JOCIIIKEHh Ha MEJTiOPaTUBHIA CHCTeMi ,,Po-
MeH’ Yy CKHJIHUX BOJIaX MICTHTBCS CEpEIHbOMY: HITpa-
tiB 0,9-3,7; amiaky 3,7-6,4; dbocdopy 0,3-0,4; kaiiro
2,0-2,7; rinpokap6onaris 113-391 mr/a[7].

s TtopdoBux rpyHTIB CyIBCHKOTO JTOCTIIHOTO
moJist (K 1 A7t BCiX 3atutaBHUX 3emensb Jlicocterny Vk-
paiHM) XapakTepHa BHCOKa IIITBHICTh CKIAJCHHS IPY-
HTY (B ropiBHsHHI 3 rpyHTamu [lomicest Ykpainu Ta iH-
HINX TPYHTOBO-KJIIMAaTHYHUX 30H), OCKUIbKY BOHH IIPH
HIOPIYHHUX PO3NIMBAX 3aMYIIIOIOTHCS 3HAYHOK KUIbKi-
CTIO MiHEPAJIbHUX YacTOK[5].

Tomy B yMOBax HOTipIIEHHS IPUPOIHOTO BOJIOTO-
3a0e3meueHHs BHACIIIOK 3pOCTaHHS ASPIIUTY PiTHOTO
BOJHOTO OallaHCy yepe3 301NBIIeHHS CyMapHOTO BHIIa-
poByBaHHS Ha (pOHI MPAKTHIHO HE3MIHHOI KIIBKOCTI
OIa/liB PETYIIOBAaHHA BOAHOTO PEXMMY Ha OCYIIyBa-
HHMX 3€MJISIX CTa€ He TUIBKH 000B’SI3KOBOIO, ajie 1 BHU-
3HAYAJILHOIO CKJIAJOBOIO IHTEHCUBHUX TEXHOJIOTIH BHU-
POLIYBaHHSI CIIbCHKOTOCIIOIAPCHKUX KyJIbTYp, O3 Ha-
SIBHOCTI SIKMX cTajie Ta e(eKTHBHE 3eMiIepOOCTBO B
perioHax 3 HECTIIKMM MPUPOTHUM 3BOJIOKEHHSM CTAE
MIPaKTUYHO HEMOXIIUBUM [2].

PesyabraTn pocaimxkens. 3a Outbmn sk 85-piu-
HUH TIepioJ MPOBEICHHS EKCIEPUMEHTANBHUX IOCIHi-
JUKEHb Ha OCYIITyBaJIbHO-3BOJIOKYBAJbHIA CHCTEMI
«Pomen» HaykoBumsMu CylbCBKOTO JOCIHIZHOTO IO
ta IBITiM HAAH otpumMaHo 3HaYHY KiJTBKICTh HAYKO-
BUX PO3pOOOK 1070 €(h)eKTHBHOTO BUKOPUCTAHHS OCY-
OIyBaHUX 3eMens B yMmoBax JliBoOGepexuoro Jlico-
CTEIy, BCTAHOBJICHI HOPMH OCYIICHHS JUIS STy Clllb-
CHKOTOCIIOJIAPCHKHUX KYJIBTYp, MifiOpaHi HaHOiiIbII
ypOKaiiHi COPTH KYJBTYp Ta PO3POOJICHI ONTUMAIIBHI
HOPMH BHECEHHs JOOpPHB IpH iX BHUPOIIyBaHHI, BHU-
BYEHI CIIOCOOM OCHOBHOTO OOpOOITKY I'PYHTY 3 Bpaxy-
BaHHSM CTYIICHS OKYJIbTYPEHOCTI IpyHTiB. OKpiMm Hay-
KOBHX HaIpamioBaHb 00 BJOCKOHAJIEHNX TEXHOJO-
Tl peryiioBaHHS BOJHO-TIOBITPSHOTO PEXHUMY HpH
BUPOIIYBaHHI Py CUIBCHKOTOCIIONAPCHKUX KYIBTYpP
PO3pOOICHO TaKOXK HOBI KOHCTPYKIIii METiOpaTHUBHUX
CHCTeM, SIKi IPOUIIIN MEPEBipKy y BUPOOHUIHX yMO-
Bax [5,6].

3a OaraTopiyHuMil Nepio]] NPOBEICHHS HAYKOBHX
JIOCITI/DKEHb PO3pPOOJICHO OCHOBHI arpomesiopaTHBHI
NPUIOMHU BUPOIILYBaHHS PSY CUILCHKOTIOCIIONAPCHKUX
KyJIbTYp (CTPOKH, crtocoOu 00poOITKY IPYHTY Ta y100-
PpeHHs1, criocoOu ciBOM, TIONIEPEHHUKY, Mii0paHi COpTH,
HOpPMHU BHUCIBY) B YMOBaX OCYITyBaHHX 3eMeb 30HU Jli-
BoOepexHoro JlicocTemy.

BaxnMBUMH HayKOBHMH HalpamioBaHHSIMHU € PO-
3pOOKH 3 BUPOIyBaHHS HAa OCYLIYBaHUX 3EMJIISIX MaJIO-
MOIIMPEHHUX KYJBTYD, AKi € TMEePCIIeKTUBHIUMH UISl BU-
pouryBaHHs B 30Hi JliBoOepexnoro JlicocTemy: M sTH
nepueBoi (ypoxaiiHicte 4,2 T/ra); umkKopiro (Kopesi
25,0-55,0 1/ra); koHoruti (cosiomku 12,0—13,0 1/ra, Ha-
cians 0,4-0,5 1/ra); maxopku (2,9-4,3 1/ra); KONIAHAPH
(vopiangp, kin3a) (0,6 T/ra), rapmainu abo cagoBoi pyTH
(0,2 T1/ra); amapanty mpsimoctostuoro (Haciaus 0,9
T/Ta); aMapaHTy pisHOHaciHeBoro (HaciHus 0,5 1/Ta);
MEKCHKaHChKOTo Tomary (¢izauic) (1,8 1/ra); TomiHam-
Oypy (xopeni 8,9 T/ra); maky odmiiiHoro (Haciusa 0,5
T/Ta) Ta iH. Pe3ynpraTH NOCHiIKEeHb CBi4aTh, MO I
KyJIbTYPU MalOTh BUCOKY PEHTA0ENIBHICTb Ta MepCcrek-
TUBHI [T JAHOTO periony[3].

Ha ocymryBanmux 3emisix JliBoGepesxxnoro Jlico-
CTeIly TaKOX YCIIIIIHO IPOHIIa BUIPOOYyBaHHS arpo-
TeXHiKa BHPOIYBaHHS TEXHIYHUX KyJIbTYp, 30KpeMa
IyKPOBHX Ta KOPMOBHX OYPSIKiB (ypOsKalHICTh ITyKpO-
BHX KOpPEHEIUIOAiB cTaHoBUTh 45,0-58,0 1/ra, KopMo-
Bux 82,0-98,0 T/ra), Ta KYKypy/I3u Ha CHIIOC (ypOxKaii-
nicte 60,0-80,0 1/ra). [Iporsrom 60-80-x pp. Muny-
JIOTO CTOJITTS Ha JIOCHTIJTHOMY HOJI TNPOBOIMINCS
JOCIIDKEHHS 3 PO3POOKH KOMIUIEKCY arpOTeXHIYHHMX
3aX0iB 111 3a0€311eUeHHs] BUCOKHX BPOXKaiB KapTOILI
IIpY TIOBHIM MexaHizalii npoueciB 1i BUPOLIYBaHHSI.
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Cepenns GararopiuHa ypoaiHICTh KapTOILI Ha TOp-
(hoBuX rpyHTaX cTaHOBHTH 39,5 T/Ta HA MiHEpaJIbHUX —
25,2 1/ra[3].

s ocymryBaHHX TOP(QOBUX IPYHTIB PETIOHY poO-
3po0JIeHO Ta PEeKOMEHAOBaHO IH(EepeHIiHOBaHYy CHC-
TeMy 00pOOITKY IPYHTY, sIKa 3aJIC)KHUTH BiJl TOTY>KHOCTI
TOp(HOBOTO MIAPY, CTYHEHS BOJIOTOCTI TOPQY, HOTO po3-
KJajy, 4acy IpOBeJeHHs Ta 0i0JOriYHuX 0coOnmBoC-
Te BHPOIIYBaHUX KyJbTyp. BcraHoBieHo, mo rim-
Ooka OpaHKa MiJBHIILYE yPOXKAWHICTh CiJIbCHKOTOCHO-
Japcekux  KymbTyp (mo 30%) B TOpIBHSIHHI 3
MOBEPXHEBUM CIIOCOOOM 00pOOITKOM IpyHTY [5].

Junis pi3sHEX THIIIB OCYIIyBaHHX IpyHTIB JliBOOe-
pexxHoro Jlicoctemy po3po0iieHi i BIpoBaKeHi y Toc-
MOAApPCTBAaX TEXHOJIOTIi CTBOPEHHS BUCOKOIIPOTYKTHB-
HHUX CIHOKOCIB, 5IKi 0a3yIOThCSI Ha ONITUMAJIbHOMY BH-
6opi BHCOKOIPOXYKTHBHHAX TPaBOCYMIiIIIeH
OaraTopiyHHX TpaB, BH3HAYCHHI CIOCOOIB, CTPOKIB i
HOpM ciBOM J1yuHHX TpaB. L{i TexHo0TIi Ccripusum oze-
PKaHHIO BUCOKHMX YpOXKaiB OaraTOpidHUX TpaB y pi3-
HUX TpaBocyMimkax (cina — 11,0-17,0 1/ra, 3enenoi
macu — 50,0-70,0 1/ra), 1110 J03BOJIUIIO OTPUMYBATH T'O-
CIOJIAPCTBAM BHCOKOSIKICHI KOPMHU: CIHO, CiHaX, CH-
Joc, TpaB’HY MYKY, 3€JIeHy macy [5].

Po3po6iieHo Ta mpoBeeHO BUIPOOYBaHHS TEXHO-
JIOTi¥ BUKOPUCTAHHS MiHEpaJbHHUX 1 OpraHIiYHUX J00-
pPUB Ta TPOBEACHHS MEPEATIOCIBHOTO OOpOOITKY Ha-
CIHHS BHPOINYBAaHUX KyJbTyp OioIlpemapaTamw, IIiJ
BIUTMBOM SIKHX BifOYBAa€ThHCS ITiJBUIICHHS aKTUBHOCTI
azotdikcarnii. l{e cpusie mOKpameHHo TOXKUBHOTO pe-
JKUMY I'PYHTY 3aBISIKH (POPMYBAaHHIO PO3BHHEHOI KOpe-
HEBOT CUCTEMH POCJIMH Ta J3a€ MOIIUBICTh OJIEPKATH
npubaBKy Bpoxar Bix 9 % 10 22 %, B 3a5IeKHOCTI Bif
KyJIbTYpH. BCTaHOBJIEHO, 10 MiABHUIICHHS POMIOYOCTI
OCYIIIyBaHHX I'PYHTIB MOXJIMBE TIPH BKIIFOUEHHI JIO Ci-
BO3MIiHH Oaratopiyaux 0000BHX TpaB. Lle 3a0e3meuye
B OPHOMY IIapi IpyHTy Oe3aedinuTHmii OanaHc ryMmycy
(BaytoBwmii BMicT a30Ty ctaHOBHUTH 110-170 kr/ra, doc-
tdopy — 46-73 xr/ra Ta kamiro — 37-61 kr/ra). B xom-
TUIEKCI 31 3BHYAHOIO OPaHKOIO Ha rmbOuHy 10 22,0—
23,5 cM opraHo-MiHepadbHa CHCTEMa YIOOpEHHS
CIpHSE TiJBHIICHHIO MPOAYKTUBHOCTI 3€pPHO-KOPMO-
BO1 ciBo3minu Ha 40 % [8,9]. JIroriepHOBI CiBO3MIHH Ha
OCYIIIyBaHHX IPYHTaX JaI0Th 3MOT'Y HE TUIBKH OTPUMY-
BaTH BHCOKOSIKICHI KOPMH Ul TBapUHHHIITBA, aje i
CHPUSIOTh MiABUIIEHHIO POAIOYOCTI IPYHTY Ta BpO-
KAWHOCTI 1HIINX KyJNbTyp B CiBO3MiHI IIPH MiHIMalb-
HUX J103aX (ochopHo-Kamiitaux noopus [9,10].

Ha ocHOBI OJILOBHX JTOCHIPKEHb BU3HAUEHO OII-
TUMaJbHE CIIBBIZHOIIEHHS BHECEHHS CaIlpOIIEeIIo,
MyJy, THOIO i MiHEpaJIbHUX TOOpHB Ta JaHa EeKOHOMi-
YHa Ta arpoeKoJIOTiYHa OIliHKa e()eKTUBHOCTI iX 3aCTO-
CYBaHHS IIPH BUPOIIYBaHHI Pi3HUX CIILCHKOTOCTIONAp-
CBKUX KYJIBTYP Ha OCYIIyBaHUX 3eMJIIX [5].

Jlnst TpoBe/ieHHS KOMILIEKCY HAayKOBHX JOCITi-
JUKEHb 3 PO3pPOOKU BIOCKOHAJICHHX TEXHOJIOTIH pery-
JIFOBAHHSI BOJIHO-TIOBITPSIHOTO PEXHMMY MPU BHPOIILY-
BaHHI ClILCBKOTOCHOAAPCHKUX KYJIbTYpP Ta KOHCTPYK-
i  MeNopaTMBHUX CHCTEM Ha  OCYIIyBaJbHO-
3BOJIOXKYBaJIbHIN cucTeMi «PoMen» BiamToBaHO Bapi-
aHTH JOCIITHHUX NUISTHOK, Ha SKUX IMepeadavyeHo ocy-
IIyBajJbHI 3aXOJIM 3 BUKOPHCTaHHSIM MarepialbHOTro

JpEHaxy 31 3pOLIEHHM; OCYIyBaJIbHI 3aX0/1 3 BUKO-
PUCTaHHAM OE3YKIIOHHOTO IPEHaXy 3 MiATPYHTOBUM
3BOJIOKEHHSAM 32 JOIOMOTOIO IILTIO3iB-PeryJsTOpPiB;
OCYIIIyBaJIbHI 3aX0IM 3 BUKOPUCTAHHAM TPaIUIiHHOTO
TOHYapHOTO JPEHAXY; OCYIIYBAJIbHI 3aX0/IU 3 BUKOPH-
CTaHHAM FOHYAPHOTO JPEHAXY 3 MiAIPYHTOBUM 3BOJIO-
KEHHSIM; OCYIIYBaJIbHI 3aX0H 3 BUKOPUCTAHHSAM TOH-
YapHOTO JIPEHaXy 3 aBTOMAaTH30BaHOIO CUCTEMOIO I0-
Jayl BOAM B THUPJO JAPEHU TPH LUKIIYHOMY
peryiroBanHi. Ha tepuTopii ocyuryBanbHO-3BOJIOXKY-
BaNbHOI cucTeMu «PoMeH» moOyZoBaHO aKyMyIFOIOUY
€MKICTb, HAINIOBHEHHS SKOi 3IIHCHIOETHCS IILIIXOM
300py JpeHaKHO-CKUAHUX BOJ Ta CAMOIUIMBOM 3 Mari-
cTpanbHOTrO KaHany (p. Pomen). [Tomaua Boau Ha 3Bo-
JIOKEHHS 3 EMKOCTI Ha JOCIIiTHI JUISHKHA MPOBOIUTHCS
CaMOIUIHBOM.

3a mepios MPOBEICHHS HAYKOBHX JOCIIIKEHb PO-
3pobiieHa pecypcosbepiraroda TEXHOJOTISI BOJOPETyY-
JIIOBaHHS, B OCHOBY SKOI MOKJIaAeHO OOIPYHTYBaHHS
JOLJILHOCTI 3aCTOCYBaHHSI HEBEJIMKUX HOPM 3pO-
[ICHHS. BrpoBakKeHHs 1€l TEXHOJIOTIT Ha OCYIIyBa-
Hux 3emisix JliBooepexnoro Jlicocremy cBim4uThH Te,
110 MpH 11 3aCTOCYBaHHI MOJIMBO 3a0€3MEYUTH 3MCH-
mieHHs Ha 25—-33% BUTpaT BOMHUX 1 CHEPIETUYHUX Pe-
cypciB, 30inbimuTn Ha 15-30% ypoxaiHicTh CUTBCHKO-
TOCHOJAPCHKUX KyIBTYp Ta 30LIBIINTH pPEeHTaOENb-
HicTh TocogapcTs 10 40 % [11].

Baxnueum 3100yTKOM y HaIpsIMKY pO3pOOKH HO-
BUX KOHCTPYKIIi METIOPaTUBHUX CHCTEM € CTBOPCHHS
CYMIIICHNX BOJOPETYJIIOI0UNX CHCTEM 3 OE3MOXMINMHU
Ta MAJIONIOXWIMMH JIPEHAMH 1 BOJJOPETYJIIOI0YUMHE BY3-
naMu. Taki cHCTeMH JJalii MOKJIMBICTh 301JIBIIMTH KO-
eili€HT 3eMeNbHOr0 BUKOPUCTAHHSI, i IBUILIUTH IIPO-
JNYKTUBHICTh MEXaHI30BaHUX CIIbCHKOTOCIIOAAPCHKIX
po0it, 3a0e3nednii ONepaTHBHICTb YHPaBIiHHS BOJ-
HHUM PEXMMOM, 1110 JIAJI0 MOXJIMBICTb ITiIBUIIUTH Ha 10
25 % BpOXalHICTh CLIBCHKOTOCIIONAPCHKHUX KYJBTYP
[5].

Po3pobneni, excneprMeHTanbHO IepeBipeHi Ta
moOyTOBaHi B PsJii TOCIIONAPCTB KOHCTPYKIIIT AT Me-
nioparii 3eMenp 3 0€3CTIYHUME MOHMKEHHSIMHE (JTOKa-
JIbHI KOHTYPHO-BOJIOAKYMYJIIOI04i CUCTEMH), SIK1 YCITi-
IIHO TMPAIIOIOTh BXXe MOHAJ 25 poKiB. 3acToCyBaHHS
KOHTYPHO-BOJJOAKYMYJIFOFOUMX CHUCTEM JIO3BOJIMIIO 3a-
MIHUTH APEHAKHO-KOJICKTOPHY MEPEXKY, IPEeHaKH] KO-
031 1 BIIKPHUTI KaHATH KOHTYPHUMH BOJOIOTIIMHA-
FOUMMH KOHCTPYKIIISIMH i3 3aCTOCYBaHHSIM MiCIIEBHX
¢buIbTpaniiHUX MaTepiaiiB, MO JO3BOJMIO OTPUMATH
€KOHOMIIO BapTOCTi iX OymiBHHIITBA 10 60 % (B 3a1eK-
HOCTI BiJ| penbedy Ta IPyHTOBO-TEOJIOTIYHHX YMOB).
Taki cucTeMu 103BOJISIOTH 320€3MeYNTH ONTUMAIbHU I
BOJIHO-TIOBITPSIHUM PEXHUM B aKTMBHOMY INapi IPyHTY
Ha TepUTOpii i3 OE3CTIYHUMH TOHIDKECHHSIMH, IO J0-
3BOJISIE OTPUMYBATH CTaOUIBHI BpoXai BHPOIIYBaHUX
KyJIbTYp. ['OJIOBHOIO TepeBaroio JIOKaJbHUX KOHTY-
PHO-BOJIOAKYMYITIOIOUHUX CUCTEM € MOXKIIMBICTh 300Dy 1
TIEPEPO3IOITY MICIIEBOTO CTOKY B BOJIOAKyMYITFOIOUHX
TpaHILEsX Ta IOBTOPHOTO HOr0 BUKOPHUCTAHHSI JIJIsI 3BO-
JIOKEHHS B IOCYIUIHBI Tiepioan [12].

3 METOI0 MiJBUIIEHHS B0O/103a0e3I1€4EeHOCT] Tepu-
Topii MeniopaTuBHuUX cucteM B IBITiM HAAH po3spo-
OJIcHa TEXHOJIOTiSl HAKOMTUYCHHs 00’ €MIB BOJH Ta Jpe-
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Ha)KHOTO CTOKY B aKyMYJIIOIOHili €EMKOCTI, siKa arpo0o-
BaHa Ha OCYIIyBaJIbHO-3BOJIOKYBAIbHIN cucTeMi «Po-
MeH». Armpobarisi po3poOJICHNX TEXHOJOTIYHUX pi-
[IEHb OO IMABHUIIEHHS BOH03a0€3IIEUYEHOCT] IOKa-
3aja, M0 B YMOBAaX CEPEIHHOTO 3a KIBKICTIO OIajiB
BETeTAIliIfHOTO TIepioxy MpH BUPOIIYBaHHI OaraTopid-
HUX TpaB IIEPIIOTO Ta APYTOTO YKOCIB MOTCHIIHHUH
00’€eM aKyMyJTIOBaHHS JJPEHAKHOTO CTOKY 3 Tuiomi 14,9
ra € JOCTaTHIM Ul 3BOJIOXKECHHS TEPUTOPIi MIIOTHUX
JUISHOK 1 CTAaHOBUTH 46,3 THc. M%, py 1IbOMY (haKThy-
HUHA 00’€M BOJHM, NMOJAHUI Ha 3BOJIOXKCHHS, CKJIAJIAE
21,45 tuc. m® [13 ].

OTxe, B yMOBax 3MiH KJIiIMaTy, 3pOCTal04oro Je-
(himuTy BOOHHUX pecypciB 3a0e3medeHHsT e(eKTHBHOTO
YIpPaBIIiHHSA BOIHHM PEXKHMOM OCYLIyBaHHX IPYHTIB
MO>KJIMBE IUIAXOM IIIBUIIEHHS BOI03a0€3II€UE€HOCTI
MEJIOpaTHBHUX CUCTEM, IO AOCATHYTO 3aBISKU CTBO-
PEHHIO pe3epBHHUX 00’ €MIB BOAH B aKyMYIIOIOYiH €M-

KOCTI 32 paxyHOK HAKOIIMYEHHsI IOBEPXHEBOTO Ta Jpe-
Ha)XHOTO CTOKY. [liBHIIIEHHST BpOXKAWMHOCTI Oararopi-
YHUX TPaB Ha 3€JICHYy Macy B yMOBaX HiIIPYHTOBOTO
3BOJIOKCHHSI IOJIa4€I0 BOMM B IPCHAXKHY CHCTEMY 3
aKyMYJIFOI0U0i €eMKOCTi cTaHOBHTH MoHax 30 % [14].
Ha nmanmiif gac, BpaxoBYIOUHN JOCBiI MPOBEIECHIX
JOCII/KEHB y TIONIEPE/IHI POKH, Ha OCYIITyBaJIbHO-3BO-
JIOXKyBaJIbHIN cucteMi «PomMeH» MpoBOJATECS perioHa-
JIbHI €KCIIEPUMEHTANIBHI JTOCHI/PKEHHS 3 BUPOLILYBaHHS
MAJIOTIONIUPEHNX, OZIHAK BUCOKOTIPOAYKTUBHHX Ta TIEp-
CMIEKTUBHUX KOPMOBHUX KynbTyp (maii3u, aMmapaHty ta
KopMoBHX 000iB) B yMoBax JliBoOepesxHoro Jlicocremy.
Bu3HaueHO onTHMAaIbHI MEITIOPATHBHI PEKIMH Ta TEXHO-
JIOTiYHI TapaMeTPH BOJIOPETYIIFOBaHHS (HOPMH PiBHS IPY-
HTOBHX BOA (Tabiuilst 1) Ta BOJOTOCTI B KOPEHEBOMY
mapi IpyHTY) BIPOIOBX TEPioqy BereTamii Mpu BUPO-
LIyBaHHI BUCOKONPOTYKTUBHUX KOPMOBHX KYyJIBTYp Ha
OCYIIyBaHUX IPYHTaX.
Tabmuugs 1.

PexomennoBanuii PI'B npu BupollyBaHHi Naii3u, aMapaHTy Ta KOpMOBHX 000iB Ha OCYIITYBaHHX 3€MJISIX

PiBeHb IPYHTOBHX BOJ, M
®da3sa Bere- (Y YHCENbHUKY — ONTUMAJIbHUH; Y 3HAMEHHUKY - HAWMEHIITUI TOMYyCTUMUIN)
Tamii MePenOCi BHUMA CXOJIU-KY- BUXIJ Y BUKHIaHHS .. JIOCTUTaHHS
. . LBITIHHS .
nepion HICHHS TPyOKyY BOJIOTI HaCIHHSI
ITaii3za
Topdosi 050-0 55 0,60-0,65 0,60-0,75 0,60-0,75 0,75-0,85 0,75-0,90
IPYHTH ' ' 0,65-0,70 0,75-0,85 0,75-0,85 0,90-0,95 0,9-1,0
MinepainbHi 050-0 60 0,60-0,70 0,65-0,75 0,65-0,75 0,80-0,90 0,85-0,90
IPYHTH ' ' 0,70-0,75 0,80-0,85 0,80-0,85 0,90-1,0 1,0-1,1
AMmapaHTt
®a3za Bere- | mmepemnoOCiBHUI CXoTIoABa . .. JIOCTUTaHHS Ha-
Tamif Hepion CIPaBXHBOTO BHUKHJIAHHS BOJIOTI LBITIHHS CiHHS
JIUCTKA
Topdosi 060-0 65 0,60-0,65 0,60-0,70 0,65-0,80 0,80-1,0
IPYHTH ' ' 0,65-0,75 0,70-0,80 0,80-0,90 1,0-1,1
MinepanbHi 050-0 60 0,60-0,70 0,65-0,75 0,70-0,85 0,85-1,0
IPYHTH ' ' 0,70-0,75 0,75-0,80 0,90-1,0 1,0-1,1
KopmoBi 600u
®a3za Bere- | mepemnOCiBHUI eXorTosABa . .. YTBOPECHHS | JOCTHTaHHS
Tamif Hepion CIPaBXHBOTO | OyTOHI3aIlis LBITIHHS 606in HACIHHS
JINCTKA
Topdosi 055-0 65 0,55-0,65 0,60-0,65 0,65-0,80 0,75-0,90 0,90-1,0
IPYHTH ' ' 0,70-0,75 0,70-0,75 0,80-0,90 0,90-1,0 1,1-1,2
MinepaibHi 055-0 65 0,60-0,70 0,60-0,70 0,65-0,75 0,80-0,90 10-11
IPYHTH ' ' 0,70-0,75 0,70-0,75 0,80-0,90 0,90-1,0 1,1-1,2

OnTrManbHi MeTiOpaTHBHI PEXKUMHU Ta TEXHOJIO-
Ti4HI TapaMeTPH BOJIOPETYIIIOBaHHS BPaXOBYIOTh OCO-
OIMBOCTI BOJOCIIOKUBAHHS KOPMOBHX KYyJBTYp, IXHi
6ioJIoTiuHI Ta rOCIOAAPCHKI XapaKTEPUCTHKH, a TaKOX
0cOOJIMBOCTI X BHPOIIYBAaHHS B 3aJI€XKHOCTI BiJ| THITY
rpynry [15].

3a pesyipTaTaMH EKCIIEPUMEHTAJIbHUX JIOCIi-
JUKEeHb, TpoBeneHHMMHU HaykoBisimu IBITiM HAAH
(2016-2020 pp.) Ha cucremi «PomeH» po3pobiieHO Ha-
YKOBO-METOI0JIOTI4HI 3aCaiil YIIPABIIiHHS BOJHUM pPe-
’KHMOM TIPU BHPOIILyBaHHI MEPCIIEKTUBHUX KOPMOBHX
KyJIbTyp Ha OCYIIYBaHMX 3E€MJISIX Ha OCHOBI BH3Ha-
YEHHS: BIUIMBY arpoKIiMaTHYHAX yYMOB Ha BHPOILY-
BaHHJ Mai3H1, aMapaHTy Ta KOPMOBHX 000iB; BUMOT Ky-
JBTYp 1O PETYJIOBaHHS BOJHO-TIOBITPSIHOTO PEXUMY
IPYHTY ([OIyCTHMI TEPMIHH, Y SIKI METiOpaTHBHA CHUC-
TeMa Ma€ 3a0e3IeUNTH BiJIBEICHHS HA/UTMIIIKOBUX BOJL;

pexomenznoBani PI'B ta HOpMH BOJIOTOCTI B KOpeHe-
BOMY IIIapi IPyHTY IPOTATOM BETETALIfHOTO TIepioy);
BHUMOT KYJIBTYP JIO PETYJIIOBaHHS MMOKUBHOTO PEKHMY
I'PyHTY (BallHyBaHHs KHCJIHX IPYHTIB, BHECEHHS Opra-
HIYHHX Ta MiHEpAIbHUX JOOPUB Ta MiKpOJIOOPHB); OC-
HOBHHUX TEXHOJIOTIYHMX NapaMeTpiB BUPOLIyBaHHS
Tai3M, aMapaHTy Ta KOPMOBHX 000iB, B T.4. 3a (azamMu
PO3BHTKY 3a3Ha4€HUX KYJBTYD Ta 3 BpaxXyBaHHSIM KpH-
TUYHUX TIEPIOAIB iX ONTHMAaIBHOTO BOJIOTO3abe3re-
YeHH$, ONTUMAIIbHI PESXKUMH 3BOJI0KEHHS (OCYIICHHS),
arpoTEeXHIYHI 3aX0Jd Ta ONTHMalbHI HOpPMH YI00-
PEeHHS IIpY BUPOIyBaHHI HA OPTaHOTEHHUX Ta MiHEpa-
JBHUX TPYHTaX.

Jl1st MiHEpaTbHUX OCYIIYBaHWUX IPYHTIB CEepeIHs
Bosioricth B miapi 0—0,3 M Ha mo4arok ciBOM Mae cTa-
noButH 0,75-0,80 % IIB. oTpuMaHHs onTUMaIbHUX
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TEXHOJIOTIYHUX MapaMeTpiB BOJOPETYIIIOBAHHS Ha I10-
YaTKy BeTreTallii Ta Ha TMepioJ] CXOAU-TIOSIBA CIPaBXK-
HBOTO JIFCTKA, IKUH MPHTIagae Ha KpUTHIHAN Mepios ix
BUPOIIYBaHHS 320€3MEUNII0 yPOXKAWHICTh IIUX KYJIBTYP
Ha PIiBHI CepelHiX MOKa3HUKiB. BakimuBuM moKa3HU-

KOM Y TI0JIbOBOMY KOPMOBHPOOHHIITBI € KOPMOBA IIiH-
HICTh TO1 YM iHINOI KyJBTYpH, BiJl SKOi BIAacHE 3aje-
KHUTDH SIK MIBUJKO BOHA Tifie Y BHPOOHHUITBO. [Tokasz-
HHUKH BHXOJY KOPMOBHX OAWHHMIIB IT0 OCIIIKYBaHUX
BUJIaX MAJIONOIINPEHUX KOPMOBHX KyJIBTYP HaBeICHO
B Tabmmmi 2.

Ta6muus 2.

IToka3HUKHU BUXOy KOPMOBHX OJMHUIIb BUCOKOIIPOAYKTHBHUX KOPMOBHUX KYJIETYP, OCYIIyBaJIbHO-3BOJI0XKYBa-
npHa cucteMa «Pomeny, 2017-2020 pp.

Kymbrypa Vt06pens Buxin kxopMOBHX OAWHUIIG, I/Ta
2017 2018 2019 2020 Cepenne

KopMmosi 606u be3 no6puB 28,1 54,3 57,1 49,3 47,2
N30P30K30 35,2 63,5 65,4 56,8 55,2
Awapanr bes nobpus 32,0 43,4 35,7 457 39,2
N30P30K30 36,7 499 41,2 57,5 46,3
Maiisa bes nobpus 59,0 74,4 59,8 65,8 64,7
N30P30K30 68,1 85,3 72,4 77,5 75,8

Sk mokazanu Hamn po3paxyHKH, NPU BHPOILY-
BaHHI KOPMOBHUX KYJIBTYD BHXiJ KOpDMOBHUX OJMHUIIb 3
1 ra, HanpsIMy 3aJIEKNTH Bix yJOOPEHHS: 3€JI€HOI MacH
KopMOBHX 000iB craHOBHB 47,2-55,2 11/Ta, amapaHTy —
39,2-46,3 1/ra ta maiisu — 64,7-75,8 1/ra. HailiBummmn
MOKA3HNUKAMH BHXOAY KOPMOBHX OJHMHUIIb JOCIIIKY-
BaHUX KyIBTYp € Taii3a, X04a KOPMOBiI 0OOW mmorpH
HaWHIDKYY YPOXKaiHICTh BEreTaTUBHOT MacH MaloTh Ce-
peHi MOKa3HUKH BUXO/1Y KOPMOBUX OJUHUIIb, IO 0-
SICHIOETBCS IXHBOIO BHCOKOKO KOPMOBOIO IIIHHICTIO.

ExcriepuMeHTaIbHUMH  JTOCHI/DKEHHSIMH  JTOBe-
JICHO, 1110 TaKi KOPMOBI KyJIbTYpH SIK T1aii3a, aMapaHT Ta
KOpMOBi 600M MalOTh 3HAYHUIN AJIANITUBHUHN 1 IPOAYK-
THUBHMH HOTEHI[iaJl IPH BUPOLIYBaHHI B €KCTpEeMab-
HUX arpOKIIMaTHIHUX YMOBAX, pA/ O10JOTiYHIX Iepe-
Bar Ta 0coOJMBOCTEH, sIKi BKA3YIOTh Ha JOIIBHICTD iX
BUPOIIYBaHHS B CKIAIHUX TIPYHTOBO-KJIIMAaTHUYHHUX
YMOBax OCYIIyBaHHUX 3€MEllb.

BpaxoByroun cydacHi TEHICHIIi OCOOIMBOCTEH
3MiH KJIIMaTy, 3pOCTaY0ro aeQiiuty BOIHUX peCyp-
CiB, BUHMKA€ HEOOXIHICTh Y KOpEryBaHHI BOJIOpEry-
JIFOBaHHS Ha MEJIIOPOBAHUX TEePUTOPisax JliBoOepex-
Horo JlicocTery, MpoBeIeHHs aIanTaliiHuX 3aX0/iB Y
HanpsMKy ONTHMIi3alii KOHCTPYKTHBHO-TEXHOJIOTIY-
HHUX XapaKTEPUCTUK MENiOPaTUBHHUX CHCTEM TyMiIHOL
30HU JUISl TiBUIIEHHS BOJ103a0€3M1e4eHOCTi IX TepUTO-
piif IUIIXOM BiZTHOBIJICHHS €(DEKTHBHOTO BUKOPHCTaHHS
OCYLIyBaHUX 3eMelb [ 14].

BucnoBkn. CyuyacHUMM acleKTaMH BHKOPHC-
TaHHS oOcylryBaHuX IpyHTIB JliBoOGepexnoro Jlico-
creny YKpaiHu B YMOBAaxX 3MiH KITIMaTy € 3a0e3meueHHs
e(eKTHBHOTO (DYHKITIOHYBaHHS BOJOPETYJIIOIOYNX CH-
CTeM Ha OCHOB1 OTPHIMAaHUX 3a Oi7bII K 85-pivHuit mMe-
pioa mpoBeNeHHS HAYKOBUX AOCIHIPKEHb (Ha TPUKIALi
OCYIITYBaJIbHO-3BOJIOKYBaIbHOI  cucTeMi  «Pomen»)
3HAYHOT KUJIbKICTh HAYKOBHX PO3POOOK MO0 TEXHOJIO-
Tiif BUPOLIYBaHHS CJIbCHKOTOCIIOIAPCHKUX KYJIBTYD (B
T. 4. 1 pecypco30epiraioya TEeXHOJIOTIsI BOIOPETYIIO-
BaHHSI, B OCHOBY SIKOi ITOKJIaJICHO 3aCTOCYBaHHs HeBe-
JIMKHX HOPM 3pOLICHHS), po3po0IIeH] ONTUMaNbHI HO-
PMH BHECEHHS JOOpPHB IPH iX BUPOLIYBaHHI, BUBYEHI
CII0COOM OCHOBHOTO O0OpOOITKY I'DYHTY 3 BpaxyBaHHIM
CTYINEHS OKYJIbTYPEHOCTI IPYHTIB, PO3pOOJIEHO HOBI

KOHCTPYKIIii MeJIIOpaTUBHUX CHCTEM (CyMilleHi BOJIO-
peryJompYi cUcTeMU 3 Oe3NOXWIMMH Ta MaJIOTIOXH-
JIMMU APEHAMH Ta BOJOPETYIIOIOYHMH BY3JIaMH; JIOKa-
JBHI KOHTYPHO-BOI0AKYMYITIOI0Ui CHCTEMH), SIKi TIPOii-
LIJTM TIEPEBIPKY Y BUPOOHUYHNX YMOBaX.

He Buknmkae CyMmHIiBY, IO Ha Cy4acHOMY eTalli,
NOJaJbIIe BUKOPHCTAHHS OCYHICHHX 3eMenb JliBoOe-
pexHoro JlicocTeny moBUHHE 0a3yBaTHCSl Ha Bpaxy-
BaHHI Cy4YacHHX MPUPOTHHUX PECYPCIB, IO JO3BOJIHUTH
MIBUIUTH BPOKAHHICTh KyJIbTYp Ta CTBOPUTH Ha-
NiiiHy KOpMOBY 0a3y. BpaxoByroun icHyrOUHid J0OCBi]
HAYKOBHX PO3pOOOK, AJisi 3a0e3meueHHs 30epeeHHs
HNOTEHUIHHOT POAIOYOCTI ocylIyBaHHX 3eMenb JliBoOe-
pesxHoro JlicocTery Ta BiTHOBJICHHS €(pEKTHBHOCTI BH-
KOPHCTaHHS LIUX 3eMellb, PO3POOICHO HayKOBO-METO-
JIOJIOTIYHI OCHOBH YNPAaBIIiHHS BOIHUM PEKHMOM IIPH
BUPOIIYBaHHI BUCOKOIPOIAYKTUBHUX KOPMOBHX KYJIb-
Typ (maif3u, amapaHTty, KOpMOBHX 000iIB), sIKi BpaXOBY-
I0Th IPYHTOBO-KJIIMaTHYHI YMOBHU 30HH Ta 3POCTAaHHS
nedinuTy BOJHHUX pecypciB.
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ABSTRACT

The aim of the study is a research of assortment of phytopreparations with expectorant properties in the
Ukrainian pharmaceutical market. The assortment research was carried out in accordance with the State Register
of Medicines of Ukraine, handbook of drugs Compendium online, Anatomical-therapeutic-chemical classification
(group of drugs code RO5C A "expectorants"), Internet resources for finding drugs in pharmacies of Ukraine "Ge-
oApteka" and "Tabletki.ua". According to the data of the State Register of Medicines of Ukraine (as in October
2020) 86 trade names of pharmaceuticals with expectorant properties have been presented in 93 assortment posi-
tions. It’s established that domestically produced drugs are dominated (70%) in the pharmaceutical market of
Ukraine. The leaders among the Ukrainian manufacturers are Pharmaceutical Factory "Viola" (23%), PJSC "Lik-
travy" (20%) and LLC "Ternopharm™ (17%). Among the countries-importers of phytopreparations Germany ranks
first place (50%). The assortment of the monocomponent preparations with expectorant properties is significant in
the pharmaceutical market and consists 65%, amount of two- and multi-component preparations is lower and con-
sists 17.5%. Considering that the demand for herbal preparations is constantly increases, in comparison with syn-
thetic ones, it’s advisable to further increasing the nomenclature of phytopreparations with expectorant properties.

Keywords: phytopreparations, expectorant properties, pharmaceutical market research, marketing.

Introduction. Expectorants, like mucoactive
agents, increase secretion of mucins and are defined as
drugs that induce discharge or expulsion of mucus from
the respiratory tract [1]. Although it has been thought
that synthetic agents more effective and widespread,
however, medicinal plants are not less important and
actual, taking into account that they are their chemical
analogues and often model an action of its biologically
active substances [2]. The advantage of herbal prepara-
tions against synthetic ones is that they rarely cause side
effects and are well tolerated by patients regardless of
age [3, 4, 5]. Expectorant phytopreparations include
products based on marshmallow roots, ivy leaves, pine
buds, mother-and-stepmother leaves, licorice root, root
ergot, oregano, violet herb and other plant raw materi-
als.

The aim of the study is a research of assortment
of phytopreparations with expectorant properties in the
Ukrainian pharmaceutical market.

Materials and methods. The object of the study
was data about registered medicines in Ukraine from

the website "Regulatory documents of the Ministry of
Health of Ukraine".

The assortment research was carried out in accord-
ance with the State Register of Medicines of Ukraing,
handbook of drugs Compendium online, Anatomical-
therapeutic-chemical classification (group of drugs
code RO5C A "expectorants™), Internet resources for
finding drugs in pharmacies of Ukraine "GeoApteka"
and "Tabletki.ua" [6]. Such methods as marketing,
mathematical and statistical methods of research, logi-
cal and graphic generalization were used for analyzing
data [7]. The scientific information has been systema-
tized and presented in diagrams with explanations and
conclusions [8].

Results. According to the data of the State Regis-
ter of Medicines of Ukraine [9] (as in October 2020) 86
trade names (TN) of pharmaceuticals with expectorant
properties are presented in 93 assortment positions
(AP).

The Ukrainian pharmaceutical market of phytoex-
pectorants is presented by foreign (30 %; 26 TN) and
domestic (70 %; 60 TN) drugs’ manufacturers.
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Fig. 1. The correlation between domestic and imported phytopreparations with expectorant properties.

Among the domestic manufacturers, the leader according to nomenclature of medicines is PJSC Pharmaceutical
Factory "Viola", PJSC "Liktravy" and LLC "Ternopharm", which has about 60% of the assotment (Table 1).

Table 1.

Domestic companies-manufacturers of phytopreparations with expectorant properties

Number of trade names | Corellation between amount
Name of manufacturer - .
of phytopreparations of phytopreparations, %
PJSC Pharmaceutical Factory "Viola" 14 23
PJSC "Liktravy" 12 20
LLC "Ternopharm™ 10 17
JSC "Galichpharm" 5 7
Sanofi-Aventis Ukraine LLC 3 5
LLC "Pharmaceutical company" Health" 2 3
LLC "Research and production pharmaceutical 5 3
company" Aim"
PJSC "Phytopharm” 2 3
PJSC "Farmak" 2 3
LLC Research Plant "GNCLS" 1 2
State Enterprise "Experimental Plant of Medical 1 2
Preparations IBONH NAS of Ukraine"
LLC "DKP" Pharmaceutical Factory" 1 2
PJSC "Vitamins" 1 2
PJSC "Pharmaceutical firm" Darnitsa" 1 2
PJSC "Chimpharmzavod" Chervona zirka " 1 2
PJSC "Research and Production Center" 1 5
Borshchahiv Chemical and Pharmaceutical Plant "
LLC "Ukrainian Pharmaceutical Company" 1 2

Phytopreparations with expectorant properties are
supplied to the Ukrainian market by manufacturers
from 6 countries. The analysis of the State Register of
Medicinal Products allowed to establish the share of
each country-producer in the product range. The lead-
ers are phytoexpectorals are manufactured in Germany

(50%; 13 TN) and Austria (19%; 5 TN). Other coun-
tries, with low-import level of expectorants, in whole
occupy about 31% of the Ukrainian pharmaceutical
market (Fig. 2).
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Fig. 2. The correlation between producer’s countries for several registered phytoexpectorants in the pharmaceu-
tical market of Ukraine.

Depending on the number of ingredients in the
drugs they are divided into monocomponent, two-com-
ponent and combined. Among the registered phyto-
preparations with expectorant properties 65% (56 TN)

Multicomponent phytopreparations
Two-component phytopreparations

Monocomponent phytopreparations

of the assortment are formed by monopreparations, the
share of two-component and multicomponent prepara-
tions is the same and equals 17.5% (15 TN) (Fig. 3).

65%

0%

20% 40% 60%  80%

Fig. 3. Phytoexpectorants’ distribution according to the components’ structure.

In the pharmaceutical market of Ukraine, re-
searched medicines are presented in various dosage
forms (Fig. 4). The most common are syrups (36 AP).
In second place in terms of the number of proposals is
the herbal collections, which consists of 23 AP. Tablets
and capsules — have 8 AP. 7 AP represent drugs in the

form of a solution for internal use. The next common
are lozenges and drops — 4 AP and 3 AP, respectively,
in the Ukrainian pharmaceutical market. The less one is
presented in the dosage form of powders (2 AP), liquid
extract (1 AP) and tinctures (1 AP).
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Fig. 4. Phytoexpectorants’ distribution according to the dosage forms.

Domestic drugs are presented on the pharmaceuti-
cal market of Ukraine in the form of syrup and herbal
collections (23 AP), tablets (7 AP), solutions (4 AP),
capsules and powders (2 AP), lozenges, drops, liquid
extract, tinctures (1 AP).

The imported pharmaceuticals are presented in the
form of syrup (13 AP), capsules (6 AP), solution and
lozenges (3 AP), drops (2 AP) and tablets (1 AP) in the
Ukrainian pharmaceutical market.

Discussion. According to the ATC-classification,
the studied herbal expectorants belong to the main ther-
apeutic group R05 "Remedies used in case of cough
and colds", subgroup RO5C "Expectorants, except of
combined preparations containing antitussives agents ",
that is ROSCA™ Expectorants "[6].

The amount of phytopreparations with expecto-
rant properties, as in October 2020, compared to Janu-
ary 2018, have decreased in 4 TN, from 90 TN to 86
TN [10]. The share of medicines with expectorant prop-
erties of domestic production in 2020 is in 2.3 times
higher than foreign and consists 70%. Despite the fact
that in the Ukrainian pharmaceutical market the num-
ber of domestic drugs is significant, it is advisable to
continue research of development and implementation
domestic phytopreparations with expectorant proper-
ties because of increasing the demand of them yearly.

Conclusions. According to the data of the State
Register of Medicines of Ukraine (as in October 2020)
86 trade names of pharmaceuticals with expectorant
properties have been presented. The study shows dom-
inance of domestically produced expectorants (70%) in
the pharmaceutical market of Ukraine. The leaders
among the Ukrainian manufacturers are Pharmaceuti-
cal Factory "Viola", PJSC "Liktravy" and LLC "Ter-
nopharm”. Among the countries-importers of phyto-
preparations the leader is Germany (50%). The market

share of the monocomponent preparations with expec-
torant properties is significant in the domestic pharma-
ceutical market and consists 65%. Considering that the
demand for herbal preparations increases annually, in
comparison with synthetic ones, it’s advisable to fur-
ther increasing the nomenclature of phytoexpectorants.
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The results of detection of phenolic compounds of Sanicula europaea L. herb using the methods of paper
chromatography, high performance liquid chromatography and spectrophotometry were presented.

The content of 14 phenolic compounds in Sanicula europaea L. herb was established. It was investigated that
epicatechin gallate is the dominant component among the tannins (11058.63 mg/kg), quercetin —among flavonoids
(119.00 mg/kg), rosemary acid — among hydroxycinnamic acids (4933.50 mg/kg). The content of the total poly-
phenols, tannins, flavonoids and hydroxycinnamic acids in Sanicula europaea L. herb was established.

Keywords: phenolic compounds, tannins, hydroxycinnamic acids, flavonoids, coumarins, herb, Sanicula eu-

ropaea L.

Introduction. Phenolic compounds are one of the
most common and numerous classes of natural sub-
stances that have a variety of biological effects. Hy-
droxycinnamic acids have antimicrobial, anti-inflam-
matory, hepatoprotective, choleretic, antioxidant and
immunotropic effects [1]. Flavonoids are used as anti-
inflammatory, choleretic, antiulcer, diuretic, antispas-
modic, antihemorrhoidal, antiviral and antitumor
agents. Futhermore, flavonoids are strong antioxidants
and provide protection against oxidation and free radi-
cal damage [2]. Tannins are a group of biologically ac-
tive substances that directly affect cell membranes, en-
zyme proteins, improve the metabolism of adrenaline,
ascorbic acid, acetylcholine. They have anti-inflamma-
tory, antioxidant, astringent, antimicrobial effects. As
well as all phenolic compounds, they strengthen capil-
laries, increase blood clotting and have radioprotective
effect [3].

The significant attention is drawn to plants that are
used in folk medicine for a long time. Sanicula euro-
paea L. of the family Apiaceae belongs to them. Sanic-
ula europaea L. is widely used in folk medicine of the

Czech Republic, Romania, Germany, Austria and
Ukraine. In folk medicine, Sanicula europaea L. is
used as a hemostatic, anti-inflammatory, wound heal-
ing, expectorant, choleretic, astringent, diuretic, seda-
tive, antimicrobial and antifungal agent.

There is a lack of literature data on the content of
phenolic compounds in the Sanicula europaea L. raw
material. Therefore, it is noteworthy to study biologi-
cally active substances of phenolic structure in Sanic-
ula europaea L.

The aim of the study was to determine the com-
position and the content of phenolic compounds in Sa-
nicula europaea L. herb to predict its possible pharma-
cological effects and and develop new drugs.

Materials and methods. The object of the study
was Sanicula europaea L. herb. It was harvested in
2015 in Ivano-Frankivsk region (near Viktoriv village)
during the mass growing season.

In order to detect phenolic compounds, Sanicula
europaea L. herb was extracted with purified water and
70% ethanol in 1:10 ratio of raw material and the ex-
tractant. Phenolic compounds were investigated in the
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obtained extracts using identification reactions with
10% alcohol solution of potassium hydroxide and 10%
solution of hydrochloric acid, 10% alcohol solution of
potassium hydroxide and diazotized sulfanilic acid;
with a solution of iron (111) ammonium sulfate, 1% so-
lution of gelatin, 1% solution of quinine hydrochloride;
with magnesium powder and hydrochloric acid, 3% so-
lution of iron (111) chloride, 5% alcohol solution of alu-
minum chloride.

Further study of the composition of flavonoids and
hydroxycinnamic acids was performed using paper
chromatography in the system of solvents: n-butanol-
acetic acid-water (4:1:2) and 15% acetic acid. The chro-
matograms were air dried, examined under UV light
and treated with chromogenic reagents such as ammo-
nia vapor, 3% aluminum (I11) chloride solution.

HPLC was used to study the composition of phe-
nolic compounds in detail. The analysis was performed
using the high performance liquid chromatograph Ag-
ilent 1200 3 D LC System Technologies (USA)
equipped with the photometric diode-array detector
UV-Vis G1315C, followed by processing the results
using personal computer with Agilent ChemStation
software [4, 5].

Reverse phase chromatography was performed to
isolate the phenolic compounds using a 250 x 4.6 mm
Discovery C18 chromatographic column with sorbent:
silica gel modified with octadecyl groups. 0.005 N or-
thophosphoric acid (solvent A) and acetonitrile (solvent
B) were used as the mobile phases to separate hy-
droxycinnamic acids, flavonoids and coumarins; a mix-
ture of 0.1% trifluoroacetic acid, 5% acetonitrile and

deionized water (eluent A) and 0.1% trifluoroacetic
acid in acetonitrile (eluent B) was used to separate the
tannins. The detection wavelength for hy-
droxycinnamic acids was 320 and 330 nm; for tannins —
255 and 280 nm; for flavonoids and coumarins — 255
and 340 nm. The analysis was performed at room tem-
perature. The feed rate of the eluent was 0.8 ml/min (for
flavonoids), 0.7 ml/min (for hydroxycinnamic acids),
0.1 ml/min (for tannins) [6]. The identification of the
components was performed by the retention time of the
standards and spectral characteristics, the content was
determined by calculating the area of the peaks on the
chromatogram.

The determination of the content of the total poly-
phenols and tannins in Sanicula europaea L. herb in
terms of pyrogallol was performed using spectrophoto-
metric method at a wavelength of 760 nm, determina-
tion of hydroxycinnamic acids — in terms of rosmarinic
acid at a wavelength of 325 nm, determination of fla-
vonoids — in terms of rutin. The optical density of the
solutions was measured using the spectrophotometer
Specord M 40.

Results and discussion. According to the results
of identification reactions, tannins were established in
aqueous extracts of Sanicula europaea L. herb; flavo-
noids, hydroxycinnamic acids and coumarins were es-
tablished in water-alcohol extracts of Sanicula euro-
paea L. herb.

The results of the identification reactions of phe-
nolic compounds in the raw material are given in table.
1.

Table 1

Identification reactions of phenolic compounds in Sanicula europaea L. herb

Reagentldentification reaction Analytical effect The presence of thf analyt-
ical effect

Coumarins

Lactone test Turbidity of the solution +

Diazotized sulfanilic acid Brown color of the solution +

Tannins

Solution of iron (I11) ammonium Black-green color et

sulfate

1% gelatin solution Amorphous p_reC|p|tate, whlt_:h disappears et
with excess gelatin

0, ni i -

tlig(;]qumlne hydrochloride solu Light brown amorphous precipitate +++
Flavonoids

Cyanidine reaction according to Red-brown color -

Bryant

5 % solution of iron (111) chloride Dirty green color ++

5% alcohol solution of aluminum

- Yellow color ++
chloride

Notes: "+" — the reaction is positive, the number of signs indicates the intensity; "-

Using method of paper chromatography based on
spot fluorescence in UV light and mobility of sub-
stances on chromatograms, 8 substances of phenolic
nature were revealed in Sanicula europaea L. herb: 5
substances as spots with blue and blue-green fluores-
cence were classified as hydroxycinnamic acids and 3
substances as dark spots and spots with yellow fluores-
cence were classified as flavonoid compounds.

— the reaction is negative.

Using HPLC method the content of 14 phenolic
compounds, represented by flavonoids, hy-
droxycinnamic acids (Fig. 1), tannins (Fig. 2) and cou-
marins, was established in Sanicula europaea L. herb.
Gallocatechin, catechin, epicatechin, catechin gallate,
epicatechin gallate, gallic, chlorogenic, rosmarinic, caf-
feic and ferulic acids, apigenin, quercetin, kaempferol
and coumarin were identified by the retention time of
the standard solutions.
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Fig. 1. Chromatograms of hydroxycinnamic compounds of Sanicula europaea L. herb: A —wavelength 330 nm,
B — wavelength 320 nm;
1 — chlorogenic acid, 2 — rosmarinic acid, 3 — apigenin, 4 — caffeic acid, 5 — ferulic acid.
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Fig. 2. Chromatograms of tannins of Sanicula europaea L. herb:
A — wavelength 280 nm, B — wavelength 255 nm;
1 — gallocatechin, 2 — catechin, 3 — epicatechin, 4 — catechin gallate, 5 — epicatechin gallate, 6 — ellagic acid.

The results of the study of composition and content of phenolic substances in Sanicula europaea L. herb using
HPLC method are given in table 2.

Table 2
The composition and content of phenolic compounds in Sanicula europaea L. herb
The content of phenolic compounds, mg/kg
Tannins Hydroxycinnamic acids
Gallocatechin 3129,25 Chlorogenic acid 324,38
Catechin 840,75 Rosmarinic acid 4933,50
Catechin gallate 969,13 Caffeic acid 257,50
Epicatechin 479,88 Ferulic acid 89,63
Epicatechin gallate 11058,63 Flavonoids
Ellagic acid 25,88 Quercetin 119,00
Coumarins Kaempferol 18,63
Coumarin | 97,38 Apigenin, 108,50

Among tannins, the highest content in Sanicula

europaea L. herb was established for epicatechin gal-
late (11058.63 mg/kg), among flavonoids — for querce-

with the content of 97.38 mg/kg.
tin (119.00 mg/kg), among hydroxycinnamic acids —

for rosmarinic acid (4933.50 mg/kg). Coumarins of Sa-
nicula europaea L. herb are represented by coumarin

The results of determining of phenolic compounds

content in Sanicula europaea L. herb are given in ta-

ble. 3.
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Table 3
The content of phenolic compounds in Sanicula europaea L. herb
. Content, %,
No Group of phenolic Method of analysis Wavelength, TEAx
compounds nm 9 '
n=
1. | Total polyphenols Spectrophotometric in terms of pyrogalol 760 10,43+0,03
2. | Tannins Spectrophotometric in terms of pyrogalol 760 7,28+0,03
3. | Hydroxycinnamic acids iﬁ?gt;gi%hotometrlc in terms of rosma- 325 1,26+0,01
4. | Flavonoids Spectrophotometric in terms of rutin 408 2,37+0,01

Thus, it was found that the content of the total pol-
yphenols in Sanicula europaea L. herb was
10.43+0.03%, tannins — 7.2840.03%, hydroxycinnamic
acids — 1.26+0.01%, flavonoids — 2.37+0.01%.

Conclusions.

1. The composition of phenolic compounds of Sa-
nicula europaea L. herb was studied using paper chro-
matography and HPLC methods.

2. The content of 14 phenolic compounds, which
were represented by tannins, hydroxycinnamic acids,
flavonoids and coumarins, was determined using
HPLC method.

3. It was established that in Sanicula europaea L.
herb the dominant compound among hydroxycinnamic
acids was rosmarinic acid, among flavonoids —
kaempferol, among tannins — epicatechin gallate,
among coumarins — coumarin.

4. The content of total polyphenols, tannins, flavo-
noids, hydroxycinnamic acids was established.
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Verbena L. species are herbaceous plants or shrubs. They have strong root system and are able to grow up to

100 cm. Their stems are erect or branched, quadrangular and covered with hairs that are pressed to the surface.
The leaves are small, opposite, oblong. They are located on the petioles. Inflorescences are at the top of the plants
and are collected in panicles, long and spike-shaped, grow in the axils of the middle and upper leaves. Verbena L.
flowers have different colors and shades. The fruits have a convex dihedral shape. They are linear, brown, slightly
oblong and usually wrinkled.

The light microscopy and scanning electron microscopy are used in modern scientific and applied researches
to perform in-depth study of the micromorphological structure of leaves, stems and flowers of plants. These meth-
ods give more accurate images of plant diagnostic features. Anatomical features of leaves, stems and flowers of
Verbena officinalis L. were used to specify the microscopic characteristics of medicinal plant raw materials.

Key words: epidermis, leaf, stem, flower, Verbena officinalis L.
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There are 250 species that belong to the genus Ver-
bena L. Three species grow in Ukraine: Verbena offic-
inalis L., Verbena supina L., Verbena hybrida Hort.
[1].

Verbena L. species are herbaceous and ligneous
plants of the family Verbenaceae. They have opposite
leaves and gynandrous, irregular flowers. The flowers
are collected in many-flowered spikes or umbels that
form panicles. A corolla is cylindrical or funnel-shaped
tubes and a four- or five-separate, indistinctly double-
lipped bends. Usually there are four stamens that are
attached to the corolla tube. An ovary is upper, four-
nested; the stigma starts from the top of the ovary. The
fruit is a drupe or it falls apart into four nuts [1 - 2].

Verbena officinalis L. is a perennial herbaceous
rough-haired plant. A stem is quadrangular, erect, as-
cending, 25 - 100 cm tall, mostly branched. Leaves are
2 - 10 cm long, short petiolate, ovate-oblong or oblong,
pinnate, middle leaves are pinnate or trifoliate with un-
equally serrated lobes, upper leaves are sessile, oblong
and pinnate. Flowers are numerous. They are located in
the axils of leaf-like bracts and collected in upright
spike-shaped inflorescences. A tubular calyx has 5
pointed blades. A corolla is pale pink or purple, twice
as long as the calyx. Fruits are nuts. Verbena officinalis
L. blooms from April to October [1 - 4].

Verbena supine L. is a herbaceous plant with an
erect, branched, pubescent stem. Itis 70 cm tall. Leaves

are ovate-oblong, pubescent, short-petiolate, upper
leaves are sessile, incised-serrated or entire. Inflores-
cences are oblong-spike, thin. The teeth of the calyx are
short, sharp, pale purple, twice as long as the calyx.
Fruits fall apart into four nuts. Verbena supine L.
blooms from April to October. It grows on wet sandy
places [1, 5 - 7].

Verbena hybrida Hort. is mostly used in Ukraine
in ornamental horticulture [8].

Name Verbena hybrida Hort. combines numerous
garden forms and varieties of complex hybrid origin,
that formed after 1830. They are perennial herbaceous
planst but are used as annual plants. The stems are 20 -
50 cm tall, branched, creeping or erect from the base.
Shoots are quadrangular. Leaves are located opposite.
They are oblong or elongated-triangular with uneven
edges, on short petioles. Upper leaves are almost ses-
sile, lower leaves are heart-shaped. Stems and leaves
are pubescent with rough, colorless hairs. The flowers
are regular, carnation-like, from white to light red or
dark purple in various shades, often with a light eye in
the center, fragrant. Inflorescences are complex, con-
sisting of 30 - 50 flowers, umbellate, that are extended
into multi-flowered spikes. The fruit is a nut. Verbena
hybrida Hort. blooms from June to October and is a
self-seeding plant [1, 5 - 7].

Distinctive morphological features of Verbena L.
species of Ukrainian flora are given in table. 1.

Table 1
Distinctive morphological features of Verbena L. species
. Diagnostic features
Species Refe-
name Leaves Inflorescences, flowers Stem
rences
Opposite, alternate 2-10 cm | Sessile, gynandrous,fused, irregu-
Verbena | long, egg-shaped, dark lar, small 1.5-2.5 cm in diameter, | Quadrangu-lar,
S . . . 1-2,
officinalis | green, pubescent, toothed, long spike-shaped inflorescences; | erect, pubescent, 49
L. short-petiolate, sometimes | corolla is 5-lobed, funnel-shaped, | 75-100 cm tall '
entire pale purple
Medium leaves are twice
pinnately dissected, lower Spike-shaped, short_, Branched. hori-
leaves are cordate at the 2-4 cm long, dense inflorescences
Verbena - X . zontal, quadrangu-
. base, pinnate, short-petio- of blue flowers, corolla is slightly . 1,39
supine L. lar, short-haired,
late, upper leaves are ses- longer then calyx, calyx teeth are
. . 10-40 cm long
sile, ovoid-wedge-shaped, | short and sharp
2-4 cm long
Opposite, ovate, oblpng- .| Correct, from white to purple-red | Branched, rough-
pubescent, short-petiolate; - .
Verbena -~ or dark purple color of different pubescent with
: upper leaves are sessile; . .
hybrida shades, fragrant with complex colorless hairs on 5-7
lower leaves are cordate at .
Hort. e umbrella-shaped inflorescences of | the faces, 20-50
the base, incised-toothed or A
entire 30-50 flowers, 5-6 cm in diameter | cm tall

Verbena L. species can be identified by the follow-
ing common features: the height of their shoots varies
from 20 cm to 1,0 m; their stems are often erect, but
there are some branched species; they are covered with
the hairy green skin; they have extremely strong
branched root system, opposite short-petiolate leaves
with serrated edges and oval shape and spike-shaped
inflorescence of different colors.

The State Pharmacopoeia of Ukraine presents the
identification of Verbena officinalis L. herb using

methods of macro- and microscopic analysis. It is pro-
posed to use whole or fragmented, dried aboveground
parts of Verbena officinalis L. that were collected dur-
ing flowering season [10]:

Identification A: Stem is grayish-brown, quadran-
gular, longitudinally grooved and roughly pubescent,
especially along the faces. Larger leaves are petiolate
and deeply pinnate, with obtusely serrated or serrated
edges; leaf surfaces are rough and covered with bristly
hairs, especially along the veins that are protruding on
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the lower surface. The flowers are numerous and lo-
cated in the axils of leaf-like bracts, gathered in an up-
right spike-shaped inflorescence; tubular calyx has 5
pointed blades, corolla is from pale pink to purple, al-
most twice as long as the calyx.

Identification B: To grind the raw material to a
greenish-brown powder. Examine the powder under a
microscope using a solution of chloral hydrate. In the
powder should be found: long, polygonal or rectangular
stem epidermal cells, with thickened outer shells; frag-
ments of leaves (surface view) from the tortuous main
cells of the epidermis and the stomata apparatus of the
anomaocytic or anisocytic types, more numerous on the
lower epidermis; integumentary hairs are short, unicel-
lular, thick-walled, about 500 pm long, wide at the base
and rising from the center of a separate rosette of dome-
shaped spherical cells of the epidermis; occasionally
one can notice glandular head hairs with a multicellular
stalk and a flat, 4- to 8-cell head, about 25 pum in diam-
eter; essential oil glands with a unicellular stalk and an
enlarged oval, about 65 pm in diameter head, consisting
of 8 radially arranged cells; fragments of the fibrous
layer of anther with well-marked thickenings; pollen
grains triangular or ovoid or round, about 30 pm in di-
ameter, with 3 pores and a smooth exine; separate
groups of fibers, porous vessels and parenchymal tissue
of the stem [10].
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To clarify the anatomical structure of Verbena of-
ficinalis L. herb, we conducted an additional study of
the ultrastructure of the epidermal surface of the leaf,
stem and flower petal. The images, that are obtained us-
ing the scanning electron microscope, are three-dimen-
sional and convenient for studying the surface struc-
ture. It allows to establish some features of the plant
structure that are necessary for plant taxonomy [11 -
13].

For the study we used Verbena officinalis L. herb
that was harvested in 2017 on the outskirts of Zalukva
village, Halyts'kyi district, Ivano-Frankivsk region.

The external features of the ultrastructure of the
epidermis surface of Verbena officinalis L. leaf are pre-
sented in Fig. 1 and Fig. 2.

The leaf is amphistomatic, stomata apparatus is
anisocytic or anomocytic, stomata evenly distributed
on both surfaces of the leaf blade, slightly above the
level of the main epidermal cells. The adaxial surface
of the leaf blade is collicular (Fig. 1). The projections
and outlines of epidermal cells vary: prosenchymal
cells with rectangular projections and straight outlines
are observed above the mesophile; cells with elongated
projections and straight outlines are observed in the
area of conducting bundles.

Fig. 1. The ultrastructure of the adaxial epidermis of Verbena officinalis L. leaf blade: 1 - trichoma, 2 - glan-

dular hair; 3 - basal cell of a simple hair; 4 - stomata; 5 - simple hair, 6 - periclinal walls of epidermal cells,
7 - epicuticular wax.

The anticline walls of epidermal cells are not
thickened. The boundaries of the cells are clear. The
cuticle is well formed. The pubescence is scattered,

complex, formed by simple (hooks) and glandular
hairs. On the upper surface of the leaf there is a slight
pubescence (4.5 - 5 trichomes per 1 mm?) represented
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by 0.4 - 0.5 mm long trichomes. Trichomes are ob-
served both on the vein and on the entire surface of the
leaf blade.
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In the studied species, the abaxial surface differs
from the adaxial (Fig. 2). It is characterized by dense
pubescence.

Fig. 2. The ultrastructure of the abaxial epidermis of Verbena officinalis L leaf blade: 1 - central vein; 2 - dis-
tal trichoma cell; 3 - outer periclinal walls of trichoma cells; 4 - glandular trichomes; 5 - basal cell of the
thorn; 6 - distal thorn cell; 7 - stomata; 8 - basal cell of glandular hair; 9 - the head of the glandular hair; 10
- striatal cuticle.

The central vein of the leaf is densely pubescent
with long thorny trichomes with a distinct basal cell and
long distal trichomes. Thorns are observed on all sur-
face of a leaf blade. Unlike the adaxial epidermis, the
abaxial epidermis has a striatal cuticle. The epicuticular
wax is found on the periclinal walls of the epidermal
cells of both epidermis. The wax is represented by gran-
ules.

On the surface of the stem there are two distinct
zones (costal and intercostal), that differ slightly in the
ultrastructure of the surface. The stomata are anisocytic
or anomocytic with clear cuticular rollers, evenly

spaced with epidermal cells. The relief of the stem sur-
face is slightly collicular to smooth. Epidermal cells are
prosenchymal with rectangular projections and straight
outlines. The anticlinal walls of epidermal cells are not
thickened, the outer periclinal walls are slightly con-
vex. The boundaries of the cells are not clear. The cuti-
cle is well formed. There is no pubescence on the sur-
face of the stem. The epicuticular wax is found on the
periclinal walls of the epidermal cells.

External features of the ultrastructure of the epi-
dermis surface of Verbena officinalis L. stem are pre-
sented in Fig. 3.
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Puc. 3. The ultrastructure of the epidermis surface of Verbena officinalis L. stem: 1 - costal area, 2 - inter-
costal area; 3 - stomata; 4 - cuticle (intercostal area); 5 - periclinal walls of epidermal cells, 6 - cuticle (cos-
tal area); 7 - epicuticular wax.

External features of the ultrastructure of the epidermis surface of Verbena officinalis L. flower petal are pre-
sented in Fig. 4.

Puc. 4.
The ultrastructure of the epidermis surface of Verbena officinalis L. flower petal: 1 — cuticle; 2 - papillae.

Internal (adaxial) surface. Cell boundaries are not  the specimens of Verbena officinalis L. flower petals a
visible. The cuticle of wrinkled type is well-formed. solid golden pellicle of cuticle which covers a single
The surface relief is papillary (each epidermal cell car-  layer of epidermis can be seen. The cells of the epider-
ries papillae). There is no wax. When the inspection of  mis are elongated, slightly tortuous, with tangential
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outer and inner walls. The stomata sink deeper into the
tissue of the hypodermis, under which is a large air cav-
ity.

Thus, the epidermal cells of Verbena officinalis L.
leaf are isodiametric. There are non-glandular and glan-
dular trichomes on both epidermis. Non-glandular tri-
chomes have a unicellular body and two multicellular
and radially arranged basal cells. The body of these tri-
chomes is slightly smooth, elongated with a pointed tip.
Itis distributed over both epidermal surfaces of the leaf.

The stems have quadrangular cross sections. Non-
glandular and glandular trichomes were observed on
the unradicated leaf epidermis. The type of glandular
trichoma of the stem is the same as of the leaf of this
species. There is a layer of subcutaneous cells under the
epidermis. Collenchyma and sclerenchyma caps are
present in the corners of the stem. There is a hypoder-
mis in the stem. The endoderm is located around the
perimeter of the stem.

Flower petals are characterized by a solid golden
pellicle of cuticle, which covers a single layer of epi-
dermis. The cells of the epidermis are elongated,
slightly tortuous, with tangential outer and inner walls.

Conclusions

1. The study of morphological features of leaves,
stems and flowers structure of Verbena L. species is
conducted. These plants, depending on the species and
growing conditions, can be annual and perennial herba-
ceous plants or shrubs. Stems are erect, creeping or
spreading, rough or smooth. The leaves are opposite,
pubescent, sometimes alternate or annular, dark green,
toothed, dissected or pinnately incised, and in some
species they are entire. There are hairy or corymbose
inflorescences, spikelets or tassels consist of 30 - 50
small flowers from 1.5 cm to 2.5 cm in diameter. The
range of colors of the flowers is extremely wide: pale
purple, white, dark blue, blue monochromatic, yellow,
cream, dark red, as well as with a cream or white eye.
The fruit is a prefabricated nut that consists of four
parts. Verbena L. species blooms from June to Novem-
ber depend on the species.

2. Microscopic features of the stem surface of Ver-
bena officinalis L. were established. It is investigated
that it is possible to distinguish two zones (costal and
intercostal), which differ slightly in the ultrastructure of
the surface. The stomata are anomocytic with distinct
cuticular rollers, evenly spaced at the same level as the
epidermal cells. Leaves are amphistomatic, their sto-
mata are anisocytic, evenly distributed on both surfaces
of the leaf blade, slightly above the level of the main
epidermal cells. The adaxial surface of the leaf blade is
collicular. Stem epidermal cells are prosenchymal with
rectangular projections and straight outlines. The anti-
clinal walls of epidermal cells are not thickened, the
outer periclinal walls are slightly convex. The bounda-
ries of the cells are not distinct. The cuticle is well

formed. There is no pubescence. Periclinal walls of the
epidermal cells contain epicuticular wax. The petals of
Verbena officinalis L. flowers have entire golden pelli-
cles of the cuticle, that cover a single layer of epider-
mis.
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[IpoBeneH DHeprosKOHOMHYECKUN aHaJIU3 CUCTEMbI KOHAMLIMPOBaHMSI BO3Ayxa ¢ ucnonb3oBanuem THY. Tlo
KIIMMAaTHIECKUM PAOHOM IIPH UCTIONB30BaHUS PA3TIMIHBIX UCTOYHUKOB HIU3KOIIOTCHIIMAIEHOTO TEIUIA ¥ IIPHU pas-
JUYHBIX CTOMMOCTSIX TOIUTHBA YCTaHOBIICHBI 30HBI A deKTHBHOTO MpuMeHeHnss THY. Pe3ynbpTaTsl morydeHHBIX
HCCIIeTOBaHUK 00O0OIIEHBI IS CTPaH C Pa3IMYHBIMA KIMMAaTHISCKUMHE yCIOBHAMHU.

ABSTRACT

An energy-economic analysis of the air conditioning system using HPI (heat pump installations) was carried
out. In the climatic region, using various sources of low-grade heat and at various fuel costs, zones of effective use
of HPI (heat pump installations) have been established. The results of the studies obtained are summarized for

countries with different climatic conditions.

KuroueBbie cjoBa: TemioBoil Hacoc, TEIIOXJIa0CHA0XKEeHHE, KOHIUITMOHUPOBAHNE BO3AyXa, TOIUTMBHO-

SHEPreTUUECKUNA KOMILIEKC

Keywords: Heat pump, heat and cold supply, air conditioning, fuel and energy complex

Brenenne

I'py3usi, Mo cpaBHEHUIO CO MHOTMMHU JAPYTHMH
Crpanamu He BbIeNsieTCsl OOJBIIMMU pecypcaMu op-
TaHWYIECKOTO ToIUnBa (He(Th, ra3), oHa Ooraras TUa-
popecypcamu. [loaToMy, B yCIOBUSX PBIHOYHOH KO-
HOMUKH, TIpo01eMy OO0JIBIION aKTyaJIbHOCTH IIPEACTaB-
JseT s dexTrBHOE pa3BuTHE TOILJTMBHO-
sHepreTrdeckoro komruiekca (TOK) I'py3un u nccne-
JOBaHWE IIyT€H HAAEKHOTO HHEProoOECHEeUCHUs
CrpaHslL.

HecraOuibHble LIEHBI HAa OPraHUYECKOE TOILIMBO
1 €ro UMIIOPT M3 3apyOe)KHBIX CTPaH, a TaKKe yXyIa-
IolIeeCst IKOJIOTHUECKasl CUTyalus B CTpaHe, BCE OCTPO
CTaBHT NPOOJIEMYy pPalMOHATBHOTO U 3(PPEeKTHBHOTO
HCTIOTb30BAaHUSI MECTHBIX DHEPTEeTHUECKUX PECYpPCOB,
KaK OCHOBHOT'O TapaHTa YHEPTeTUIECKOH HE3aBUCHUMO-
ctu I'py3nn [1].

C 1enp0 CTaOWIBHOTO PAa3BUTHS yCTOHYHMBOMN
9HEProo0ECIIeYeHHOCTH M B PE3YJIbTATE 3TOTO MOBBI-
LIEHHs 9HEProOe30MacHOCTH CTPaHbl, BaXKHO, 4YTO OBl
IIPU COCTABJIICHUH JOJIT'OCPOYHBIX TOCYJIApCTBEHHBIX
SHEPreTUYecKUX MporpamMMm IperycMaTpuBaTh HE
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TOJIBKO TPAIUIMOHHBIC METOJABI U TEXHOJIOTHH BBIpa-
OOTKM TEIIJIOBOW W AJNEKTPUIECKON DHEPTUH, a TaKKe
W3yYUTHh BO3MOXXHOCTH HCIIOJIb30BAaHMS COBPEMEHHBIX
HETPaJUIINOHHBIX, JHEPTOCOSPETatOIIX 1 YKOJIOTHYE-
CKH YHCTBHIX TEXHOJOTHH B OCYIIECTBICHHH SHEPro-
CHa0XEHNUS, a B YACTHOCTH TEIUIO- M XJIATOCHA0KESHHUS
Pa3IUYHBIX TOTpeOuTeNe.

OmHMM W3 COBPEMEHHBIX TEXHOJOTHYECKHX pe-
IICHUH TEIUIOXJIaI0OCHA0KEHHS SBIISIETCS IIMPOKOE HC-
MOJIb30BaHUE TEIUIOHACOCHBIX ycTaHoBOK (THY) B paz-
JUYHBIX OTPACIsIX 3KOHOMHKH CTPAaHbI, B KOMMY-
HAJILHO-OBITOBOM CEKTOpE U B chepe OOIIECTBCHHOTO
o0CITy>)KHBaHUSL.

U3 Bcero cka3zaHHOTO CIIEIYET, 9TO MPEACTABICH-
Hasi paboTa IOCBSIIACTCS HCCICJOBAHUIO BOIIPOCOB
ornrumansHoOro passutus TOK I'pysunm ¢ yderoM mm-
POKOTO BHEAPCHHS dHEProcOeperarmux TeII0H0COC-
HBIX CHCTEM TeIUIOXJIQJIOCHA0KEHUS, IYTO 0e3yCIOBHO
o0ecreyur:

— MaKCHUMaJIbHOC OCBOCHHUC CO6CTB6HHLIX, BO3-
O6HOBJ'I$ICMBIX, SHEPICTUYCCKUX PECYPCOB U UX pallUO-
HAJIbHOC MCITOJIb30BAHHC,

0

tuap

Hap

Puc. 1. Obpabomxa 6o30yxa &
XOMOOHbLIL Nepuood 200a

B xauectBe MCX0HOM MH(POPMAIMN JUIST MOJIEITH
CHUCTEMBl KOHIMLUPOBAHUS BO31yXa HCIOJIB3YIOTCS
CIIEYIOIINE MTapaMeTphl: | — XapaKTepUCTHKA 3/1aHUS;
2 — KIMMaTHYeCcKas XapaKTepUCTHKa paiioHa; 3 — xa-
PaKTCPpUCTUMKA OTACIIbHBIX 3JIEMCHTOB 060py)1013a1-m;1
CHCTEMBI KOHAUIMHUPOBaHUS Bo3ayxa u THY; 4 —ex-
HUKO-OKOHOMHYCCKHUE XAPAKTECPUCTUKU IJIEMEHTOB
THY u cuctembl 3HEprocHa0KeHNsI.

IIponenypa pacueToB Mo MOAENU HpedycMaTpH-
BaeT BBITNIOJIHEHUE CIEAYIOUINX 3TANOB:

1 — omenka mapamMeTpoB CHCTEMBI B YCIIOBHSX
3MMHETO PacueTHOI'O PEKUMa;

2 — OLICHKA [TapaMEeTPOB CUCTEMBI B YCIIOBUSIX JIET-
HETO PacyeTHOTO MEePHo/Ia;

3 — Be0Op MomHocTr THY (3amaeTcst mosp30Ba-
TEJeM);

4 — onpenenenvie mapameTpoB THY 1o 3amanHOMR
MOIIHOCTH IPUMEHUTEIBHO [UI YCJIOBHH 3UMHETO
pacdyeTHOTO PEeXNMa;

— TOBBIIIEHHE cTeneHH aBToHOMHOCTH TOK u
AKTUBHOC MPOBEICHUE JHEProcOeperaroIieii MoJTUTHKH
B PA3JIMYHBIX OTPACIISIX YIKOHOMUKHU.

OcHoOBHAafl 9aCTh

B cTathe npuBeneHBI pe3yabTaThl pa3paboTaHHON
HaMH SKOHHOMHKO-MaTEMaTHYeCKOH MOJAEIH pabOTHI
CHCTEMBI KPYTJIOTOANIHOTO KOHIWIIMHUPOBAHUSI BO3-
QyXa, BKIFOUAIOMIUN CIIeAYIOINe BapHaHTH [2, 3]:

1. TpagumuoHHas CcHUCTEMa KPYTJIOTOIMIHOTO
KOHIWIIMHAPOBAHUA BO3yXa C WCIOIB30BAaHUEM Tpa-
JUIAOHHBIX KaJopu(epoB W XOJOIWIHHON MAITiHEI
JUTSL OXJIQXKICHUS BOJIBI B KaMepe YBJIaKHEHUS JIETOM:

- C BXOJIHBIM TEINIOOOMEHHUKOM,

- 0€3 BXOHOI'0 TEIJI00OMEHHHUKA.

2. CucremMa KOHAMLMHUPOBAHUS BO3lyXa C TEILJIO-
HAaCOCHOM YCTaHOBKOHM, KOTOpas HCIOJIb3YyeTCs IS
HarpeBa BO3[yxa B KaJopudepe BTOPOro MOJ0rpeBa
3MMOM 1 OXJIaKJCHHS BOJBI B KaMepe YBIaKHCHHUS Jie-
TOM. JTa cXeMa B CBOIO OUepe/Ib MMEET JIBa BapHaHTa:

- cucrema ¢ THY ¢ BXOZHBIM TEINIOOOMEHHUKOM,;

- cuctema ¢ THY 0e3 BXOIHOTO TEINI00OMEHHHUKA.

Kax BusiHO U3 puc.1 u 2, B ciiy4ae ¢ BXOJHBIM TETI-
JI0OOMEHHHKOM DPAacxoJi SHEpPruu OyJeT 3HAYUTEIHLHO
MemnbIe, ueM 6e3 Hero (Ip-11>12-11t u I1-15>142-13).

J

trap

tB H

tnon'

Puc. 2. Obpabomxa 6o30yxa 6
menvlil nepuod 200a

5 — pacuer sHepreTnueckol 3¢h(HeKTUBHOCTH pa-
0OTBI CHCTEMBI 110 MECSIIIaM ToJ1a;

6 — pacueT TEeXHMKO-dKOHOMHYECKHX IOKa3are-
JIeH CUCTEMBI KOHINIIMOHINPOBAHNS BO3/IyXa.

A) Ecmn |, < |§ , TO cucTeMa Oyzer paboTars B

PEKUME XOJIOAHOTO TIEPUOaA.
Bce mapaMeTpbl CUCTEMBI PACCUYUTBIBAIOTCA I10

. 3
aHasnoruu ¢ sranom I npu 3axannoit Temneparype (1;)

3
u Baxknoctu ( d )') HapyxkHOTO BO3TyXa.

KommgectBo Temma, KoTopoe BhIpabaThIBaeTCs
THY npu 3aganHoi MomHoCcTH (X) paBHO:

QTHy =X- @ , xBry,

rae ¢ - koepunueHT npeodbpazosanns THY.
Jlanee BeipaboTtka THY cpaBHUBaeTCs ¢ mMoTped-
HOCTBIO B TEIUIOBOM 3HEPTHH BTOPOro Kajopudepa

(Q2).



Sciences of Europe # 60, (2020)

43

Eciu QTHy <Q,, 10 TpebyeTcst HONONHHTEb-

Hasg paboTa JOBOAYUKA, IIPOU3BOAMUTEIBHOCTH KOTO-
POTo NOJKHA OBITH Q(M = Q2 — QTHV.

Ecmn Q> Q,, 10 noBouuK HE Tpebyeres:

ane = O '

a THY nomkna o0ecleuuTbh CTOJILKO TEIIa,
CKOJIBKO TPeOyeTCs CHCTEME

Qry =Q u N :QTHV/(D-

rae N — anektpudeckas MmoiHocTh THY.

Kpome ocHoBHBIX mapamerpoB THY, onpenens-
I0TCS CIIEYIONIe MOKa3aTeNnu C HapacTAIoOLUIUM HUTO-
TOM 3a 3UMHHUI IIEPHOA:

- CyMMapHBIH pacxo/ TeIia Ha HarpeB BO3ayXa B
Kajopudepe mepBoro momaorpesa (63 BXOIHOTO Tel-
JIOOOMCHHHKA):

F,=F +Q, 7, xBru

rJe T — NPOAOJIKUTEIBHOCTh Pa0OTHl B TEUCHHE
MecsIa,

- CyMMapHBbIi pacxo]] Ipx paboTe BXOJHOTO Tel-
J00OMEHHHKA!

F2 = F2 +Q1 -7 ,kBrtu
- CyMMapHBIH pacxoj Terjia BO BTOPOM KaJOpH-
tepe:
F3 = Fs +Q2 - T, kBTtu
- B TOM YHCJIE€ PACXOJ TEIIa JTOBOAUUKOM:
F4 = F4 +Q608 -7, kBtu
- pacxoj Temia B ckpy0Oepe (0e3 BXOAHOTO Ter-
JI0OOMEHHHKA):
F5 = F5 +Q3 + T, kBtu
- TO e IMPH PaboTe BXOIHOTO TEJIO0OMEHHHKA:
Fe = FG +Q3-T,KBTtI
- pacxon anexkrposHepruu THY:
F7 = F7 + NTHy -7, kBT1u
- TO YK€ BEHTHJIATOPOM:

F,=F,+N

B) Ecim | < |, o cucTeMa KOHIMIOHKPOBa-

- T , kBTtu

6E€HM

HUS OyJeT paboTaTh B peKUMe TEIUIOTO Meproa.
B srom cimyuae napamerpsl THY paccuntsiBa-

FOTCsI 110 aHAJIOTHH C 3TaroM 2 npu Temneparypax ()

) ¥ BIa)KHOCTSIX (doA ) Hapy>KHOTO BO3J[yXa XapakTep-

HBIX IJId JICTHETO nepnona.
XnagonpoussoaurenbHocts THY MoniHocThio X
COCTaBHT:

QTHy =X @, xBru.

Jlajsiee IPOU3BOJMTCS CPABHEHUE XJIAJIOTIPOU3BO-
nmutenbHocTH THY ¢ motpebHOCTRIO CKpyOOepa B xo-
noje.

Ecmn Qppy < Q;, To B cucTeme HeoGxomumo

MNpeaAyCMOTPETh AOBOAYUK, NPOU3BOAUTCIBHOCTL KO-

TOPOTO paBHA ang =Q3 —me, a MOIIHOCTb

N()l)(s’ = Q003/¢ .

Ecmn Qg > Q5. To n0BouMK HE TpebyeTcs, a

THY nomkna pabotaTh ¢ MPOM3BOAUTEIBHOCTD, PaB-
HOH MOTPEOHOCTH B XOJIOJE:

QTHy =Q,

AHAJNOTUYHBIM 00pa30M MPOUCXOIHUT CPABHCHHE
pu paboTe B CHCTEME BXOJHOTO TEINIOOOMEHHUKA.
[Tokazarenu pacxola 3HEPTUU 3a JIETHUN NEPUOL
(HapacTalomuM UTOTOM):
- CyMMAapHBIA PacXof AJIEKTPOIHEPTHH TpPaIHIIU-
OHHBIM KOHIUIIMOHEpOM 10 cxeme 6e3 THY:
Rl = R1+ Nk -7, KBty
- pacxoj anekTpodHepruu B cxeme ¢ THY (6e3
BXOJIHOTO TETNIOOOMCHHHKA):
RZ = R2 + NTHy'T,KBTq
- TOKE B CXEME C BXOJIHBIM TEIUIOOOMEHHUKOM:
R, =R, + N, -7, xBrua
- pacxo[ SHEPTHH BEHTUISITOPOM:
R4=R4+N -7 ,xBtu
- CYyMMAapHBIHA PacXoJ 3JEKTPOIHEPTHH JTOBOIIHU-
KoM (0€3 BXOAHOTO TeIIOOOMEHHUKA):
R5=R5+N -7, KBty

- TO K€ IIpU pa60Te C BXOJHBIM TEI1000MeHHH-

8EHM

dog

KOM:

R6:R6+N -7, kBtu

B) Ecmu |, <1, <], 10 umeer mecro mepe-

0oe

XOJHBIN MepHoJ], KOTOPBII B MOJIENIN HE PacCMaTpHBa-
ercsi. B aror nepuon THY He paboTtaer.

CpaBHEHHE Pa3IMYHBIX CHCTEM KOHAUIIHOHHUPO-
BaHHE BO3/yXa IPOBEJICHO HA OCHOBE MTOKa3aTesen ro-
JIOBBIX 3aTpart:

3:uT'Q+I—I3'3+AM+Hp+EH'K, $/ron

rae L, I, — cooTBETCTBEHHO CTOMMOCTH TEIJIO-
BOIi M AyieKTpUueckoit sHeprun, $/MBTy;

Q, D — COOTBETCTBEHHO T'OJIOBBIE PACXO/IBI TELIIO-
BOI U 3NEKTpUIECKOi SHeprun, KBT9/TO;

An— aMOpPTH3alMOHHBIE OTYUCIICHNUS (IPUHATHI B
pasmepe 10%, ucxoas n3 10-meTHero cpoka CiryxObI
YCTaHOBKH);

I1, — mpoune 3aTpaThl 1O cUcTeMe (IPUHSTHI B pa3-
Mepe 1% OT mnepBOHAYANBHBIX WHBECTHUIIMH B CH-
CTEMY);

E. — HOpMaTHBHEIN K03 duinent >¢dexTnBHO-
cru unBectuimid (E;=0.15);

K — nnBectunuii B cucreMy KOHAUIUOHUPOBAHMUS,
$.

OCHOBHOI 00bE€M pacueToB BHIIOJIHEH IPH CTOU-
MoctH anekTposHeprun 0.06$/kBt4, X0Ts B npuHLIHMIIE
MO/IEJIb MTO3BOJISIET POBOINTH OLIEHKH IIPH JFOOBIX 3a-
JAHHBIX 3HAYEHUSIX CTOUMOCTH TEIUIOBOW U 3JIEKTpPU-
YECKOM dHEPTUu.

Pacuets! Obutm mpoBeneHbl i cTpaH FOkHOTO
Kagka3za, 10xHbIX paiioHOB Mo10BbI, YKpauHsl 1 Poc-
CHH, a TAK)Ke FOKHBIX PAOHOB CpeIHEa3HaTCKUX TOCY-
JapCTB.

B Tabmune 1 mpuBeaeHsl mapaMeTpbl CHCTEM KOH-
JULIMOHUPOBAHUS BO3AyXa AJS NMEPEUUCICHHBIX HAMU
BBIIIIE PETUOHOB (IPU CTOMMOCTSIX dHEPrUM OT BHEII-
Hero ucroynnka 25 $/MBT1y
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Tabuumna 1
ITapameTpbl cuCcTEMBI KOHAUIIMOHUPOBaHUS Bo3ayxa ¢ THY 1yt pa3nuuHbIX ropo1oB
(06bem 3nanus 5000 M3, Temnepatypa BHyTpH noMemenus 20°C)
HanmenoBanus Towmcn | Tamxent | Snrta Jluenpo- Auva-
TIETPOBCK ATbI
MomHocte THY 10 3uMHEMY MakcumMymy, KBt 52 67 48 82 53
MomHocTh THY 10 n1eTHEMY MakcumMymy, KBt 11 22 9 10 35
OnrumainbHast Momuocth THY, kBt 35 40 30 50 42
HMNHBecTHIIMH B CHCTEMY, ThIC.$
Tpajamil. cxema 0e3 T/0 10,4 17,7 9,5 13,2 28,7
TpaJMIL. cXeMa C T/0 13,4 21,2 12,5 18,3 31,7
THY 6e3 1/0 16,8 22,1 15,5 25,3 214
THY ¢ 1/o 18,0 23,1 17,0 27,3 20,3
I'omoBbIe 3aTpPaThI, THIC. $
TpajauIl. cxema 0e3 T/0 9,3 11,9 8,5 13,2 19,8
TpaJMIL. cXeMa C T/0 8,6 10,7 7,6 11,3 16.4
THY 6e3 1/0 9,5 11,5 8,6 14,6 15,6
THY ¢ 1/o 7,7 9,4 7,2 11,7 10,4
Pacxoa TonsiuBa, T y.T./T01
TpaJuIl. cxeMa 0e3 1/0 116 127 107 170 216
TpaJHIL. cXeMa ¢ T/0 65 57 63 103 108
THY 6e3 1/0 87 96 77,5 125 160
THY c 1/o 49 55 45 75 83
Pacxon 3neprum Teic.KBTu/rog
TpaIuIl. cXeMa 44.8 71,9 30,7 35 103,8
THY 6e3 1/0 143,2 167,9 134,6 202,5 206,5
THY ¢ 1/o 140,4 155,5 132,6 202,2 201,5

Bo Bcex paitonax mpumenenust cxeM ¢ THY co
BXOJHBIM TEIUIOOOMEHHNKOM oKasbiBaeTcsa Ha 10-20%
(B Anma-ATsl naxe Ha 47%) nenieBie, 4eM TPaJHIIN-
OHHBIX CHCTEM C XOJOJWIbHBIMH (0€3 BXOJIHOTO TETI-
JooOMeHHHKa), U Ha 5-10% B cilyyae TpaaWUIMOHHON
CXEMBl C yTWIM3alMel TeIula NMPUTOYHOTO BO3AyXa.
HecmoTps Ha yBenMuYeHHWE KaNWTAIOBIOXKCHUH B
cxemy ¢ THY u BXOgHBIM TeriooOMeHHHKOM B 1,5-2,0
pa3a ¥ poCTOM pacxoa AIMEKTPOIHEPTHH B 2,5 pas, pac-
XOJ TIEPBHYHOM PHEPTUU C Y4eTOM 3PPEKTHBHOCTH
npeoOpa3oBaHusl Ha AJIEKTPOCTAHIHUAX COKpPAIIaeTCs
npumepHo B 2,0-2,5 pasa. IlosTromMy ¢ yBennueHuem
CTOMMOCTH HEPTHU OT BHEIIHErO MCTOYHHKA dPQeK-
TUBHOCTH cxeM ¢ THY yBennuuBaercs [3, 4].

Kax mokasanu pacueTsl, TPy CTOUMOCTH SHEPTUN
OT BHEIIIHEr0 UCTOYHKMKA MeHee 15 $/MBTu, npumene-
Hue cxeMm ¢ THY 1 BXOAHBIM TEMIO00OMEHHHUKOM OKa-
3pIBaeTCcad Hed(p(PeKTHBHEIM BO BCeX paloOHAX, KpoMe
Kazaxcrana; [Ipu 15-20 $/MBT14 — 3TH cXeMbI CTaHO-
BATCcs 3¢ (dexTHBHBIME B ycnoBusx CpenHed Aszuu
(Tamkenr); Ilpum crommoctn »sHeprum Ooxnee 20
$/MBT4 npakTHYeCKH BO BcEX I0KHBIX paifoHax cxema
¢ THY u ¢ TerniooOMEHHUKOM OKa3bIBACTCSl SKOHOMH-
yecku Ooiee 3pPEeKTUBHBIM, YeM TPATUIIMOHHAS CXEMa
(maxke TpU OCHALIICHUW €€ BXOJHBIM TEIIOOOMCHHU-
KOM), a mpu crouMoctu Oonee 25 $/MBTY u cxema ¢
THY 6e3 TeruiooOMeHHUKa CTaHOBUTCS 0ojiee 2P dek-
TUBHBIM, Y€M TPaTUIIHOHHAS.

[TpoBeneHHbIE HCCIIe0BAHUS TIO3BOJISIOT CAETATh
P BBIBOJIOB OTHOCHUTENBHO LENIECO00Pa3HOCTH TIpH-
MEHEHUS TEeTJIOHACOCHBIX YCTAaHOBOK B CHCTEMaX KOH-
JUIIMOHUPOBAHHOTO Bo3ayxa. B paiionax Cpenneit
Azun u Kazaxcrana cxemsl ¢ THY u BXogHBIM Temio-
OOMEHHHKOM SIBISIOTCA HambOosee 3¢ GeKTHBHBIMU
HE3aBHCHMO OT MCTOYHHUKA BHEIIHEH SHEpruu (Iaxe B
ClTydae IoJIoTpeBa BO3AyXa TEIUIOM OT KpymHBIX TOLI)
[IPU CTOMMOCTH TEIUIOBOMU 3Hepruu Oosiee 15 $/MBTu.
[pu croumoctu terua 6onee 20-25 $/MBTy (temio ot
KOTEIbHBIX, IPSIMOE CKUTaHHE Ta3a MU XKHUIKOTO TOTI-
mBa B Kanopudepax) 3pQeKTUBHOW CTaHOBHUTCS H
cxema ¢ THY 06e3 yrunmsanuu Teria BEHTHIISIHOH-
HOTO BBIOPOCA, XOTS OHA U YCTYMAeT CXeME C BXOTHBIM
TEMI000MEHHUKOM. B 10KHBIX palioHax MOJIOBBI,
Yxpannsl, Poccun n FOxnoro Kaskasa B KpyImHBIX ro-
polax C IEHTPaJM30BaHHBIM TEIUIOCHAOKEHHEM OT
TOIl npud CTOMMOCTH TEIUIOBOW 3Hepruu mo 15-18
$/MBTu 11€71€c000pa3HO UCII0JIL30BATH TPAUIINOHHBIC
cxeMbl. [Ipu Oojiee BBHICOKOH CTOMMOCTH 3HEPTHH OT
BHEIIHEr0 HUCTOYHHKA CIEAYEeT NPUMEHSATh CXEMBI C
THY (B nepByto odepenp, C BXOTHBIM TEIIOOOMCHHU-
KOM).

Kaxk 310 6BUTO OTMEYEHO BO BBeneHMH, B [ py3un
HMEIOTCS 3HAUUTENbHBIE THIPOIHEPTETHUECKUE pe-
cypcsl. [ToaToMy, B miepcrekTuBe CTpouTenscTBo '9C
OyZeT MOJ0XKUTETBHO BIMATH HA CTAOMIN3ALNIO IICH B
sHeprocucteMe [4].
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B pesyspTare mmpokoro 0CBOCHUs TUIpOIHEpre-
TUYECKHX PECypcoB, B OyIaymIieM IIEHBI Ha 3JEKTPO-
SHEepruro He yBenndarcs. [1o3Tomy, 1o CpaBHEHHIO C
JIPYTAMH, PaCCMOTPEHHBIMH HaMH HE BBIICISIOIIH-
MHUCSI 3HAYUTEIBHBIMH THAPOPECYpPCAMH CTpPaHAMH,
I'py3ust co cBoeil KrMaToreorpaduIeCKUMH YCIOBH-
aMu 110 Macimrabam BHenpenuss THY okaxercs B 60-
Jiee JIy4Ied CUTyalHH.

B Oyaymem B pesynbraTe BBEACHHS B CTpaHe
muddepeHInpoBaHHBIX Tapr(OB HA IEKTPOIHEPTHIO,
emie Oonee IPPCKTHUBHBIMH CTaHYT TEIJIOHACOCHEIC
CHCTEMBI TEIUIOXJIaI0OCHA0KEHHS B IPOMBIIILICHHOCTH
U B cdepe KOMMYHAIHLHO-OBITOBOTO XO3SICTBA IS
o0ecrieyeHnsT TEIUIOM CHCTEM OTOIUICHHUS W TOPSYEro
BOJIOCHA0KEHUSL.

BriBoabI

[IpoBeneHHBIE HAMH HCCIEJOBAHUS MO YCTaHOB-
JICHUIO SKOHOMHYECKOH 3(h(hEeKTUBHOCTH 10 TIpUMEHE-
Huto THY B cucremax KOHAMIIMOHUPOBAHMS BO3IyXa
IO CPaBHCHUIO C TPpaJULIMOHHBIMU CUCTEMAMHU, IOKa-
3aJM, 4TO C WCIOJb30BAaHHEM KOMIUIEKCHBIX CHCTEM
TEIJIOHACOCHOTO TEILIOXJIaI0CHA0KEH s TOTPeOIIeHHE
OpPraHHUYECKOro TOIIMBa yMeHbInaeTcs Ha 30+40%, a
rozioBele 3aTpaTsl Ha 21+32%. BMmecte ¢ Tem, monHo-
CTBIO MCKITIOYAETCS 3arps3HEHUE OKPYKAIOMIESH Cpeabl
MPOAYKTAMH CTOPAHHS OPTaHUYECKOTO TOILIMBA, UTO

PATUKAIbHO YIIYUIIHT 3KOJOTHYECKYIO CUTYAIUI0 B
CTpaHe.
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Y po0oTi po3rIstHYTI OCHOBHI NPUHIUITH MOOYAO0BH BUMIPIOBAaJIbHUX NEPETBOPIOBaUiB Ha 0a3i GorouyTiu-

BUX pe3ucTopiB. [IpoaHarnizoBaHi NPUHIUIN EPETBOPEHHS, OCOOIMBOCTI iX poOOTH, BU3HaueHi GyHKIi meper-
BOpEHHS. 3alpOIOHOBAHUH CTPYKTYPHUIH METO/ HOJIIIIEHHS METPOJIOTIYHUX XapaKTEPUCTHK BUMIPIOBAJIbHUX
MIepEeTBOPIOBAYIB JJIS1 BUKOPHUCTAHHSA 1X B CHCTEMAax YIIPaBIiHHS IITYYHUM OCBITIEHHAM. OTpuMaHi po3paxyHKOBI
CIiBB1THOIICHHS IS KUIbKICHOT OIIIHKY TIOTPIlTHOCTI TiepeTBopeHHs. Hanani pekoMenaamii 1yt peamizartii posr-
JITHyTOI'O METOLY.

ABSTRACT

The paper discusses the basic principles of constructing measuring transducers based on photoresistors. The
principles of transformation, the features of their work are analyzed, the transformation functions are determined.
A structural method for improving the metrological characteristics of measuring transducers is proposed for their
use in artificial lighting control systems. Calculated ratios are obtained for a quantitative assessment of the con-
version error. Recommendations for the implementation of the considered method are formulated.

KarouoBi ciioBa: cucrema ynpapiiHHS IITYYHHM OCBITJICHHSIM; ()OTOUYTIMBUI PE3UCTOP; BUMiPIOBAIBLHHUN
MEPETBOPIrOBAY; TOYHICTE MEPETBOPCHHA.
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Keywords: control the system by lamplight, photoresistor, measuring transformer, metrology description,

exactness of transformation.

HocTranoBka mpodaemu. CydacHa aep>kaBHa I10-
JTHKAa eHepro3depekeHHs: 00yMOBIIOE >KOPCTKI BH-
MOTH 110 e(peKTUBHOCTI CHCTEM IITyYHOTO OCBITJICHHS,
1 IK HACJIOK — IO aBTOMaTm3allii TakKux CUCTEM. 3a-
Oe3reueHHs CaHiTapHUX BUMOT OJTHOYACHO 3 BUCOKUM
piBHEM eHeproe(eKTHBHOCTI BHMarae SIK BHKOPHC-
TaHHS GKOHOMIYHMX JDKepell CBITJa, TaK 1 Cy4acHHX
CJIEKTPOHHHX CHCTEM YIpaBIliHHA (cTadii3anii) ocBit-
JICHOCTI.

[IpoTsirom monepenHix pOKiB B OCBITIIOBATbHHAX
MIPUCTPOSIX BUKOPUCTOBYBAJUCS JIFOMIHECIICHTHI JIAMHI
JUTS 3aIajJioBaHHA Ta cTalimizamii cTpyMy SIKHX 3aCTO-
COBYBAJIH SIK €JIEKTPOMATHITHI, TaK i €JIeKTPOHHI Oasa-
ctu. OnHaK iX BUKOPHUCTAHHS, IIONPU NEBHY €HEeproo-
MIATHICTG Y TOPIBHSHHI 3 JIAMIAMH PO3’KapIOBaHHS,
OB’ sI3aHE 3 HETPUBAJIUM TEPMIHOM CITY»KOH, TPHUBAIAM
4acoM BMHUKaHHS, CKJIQIHICTIO peaji3awii JpKkepel CBi-
TJIa IMHAMIYHOTO OCBITJICHHS, NP SIKOMY SICKpaBiCTh
JUKepelia CBIiTJIa MOXKE 3MIHIOBATHCS B INUPOKHX Me-
Kax.

3 MOSIBOIO CBITJIONIOTHUX JKEPEN CBITIa psiJ| BKa-
3aHHMX BHIIEC HEJOJIKIB BOAJOC yCYHyTH. Bukopuc-
TaHHS TaKUX OCBITIIOBAIBEHHUX IPHCTPOIB, SIK CBITIONI-
oIvi JiHIHHI JTaMITH Ta CBITIOMIOMI IPOXKEKTOPH, He-
3Ba)KAIOUH Ha TOPIBHSHO OUTBITY BapTiCTh, JO3BOIUIO
IMABUINATH IX AKICHI Ta KIIBKICHI CBITJIOTEXHIYHI I10-
Ka3HUKH. BeInKuii acOpTUMEHT CBITIOHIOTHUX OCBIT-
JIIOBAJIbHUX TPHUCTPOIB Ta E€JIEKTPOHHUX 3acO0iB ISt
peryioBaHHsS IX CTpyMy OOYMOBIIOE MOXIJIMBOCTI
CTBOpPEHHsI e()eKTHBHUX CHUCTEM YIPABJIIHHS, BaXKIHU-
BUM KOMIIOHEHTOM SIKMX € BUMIpIOBaJbHUI MEpeTBO-
proBau (BII) piBHst ocBiTieHocTi [1].

B sKOCTi BUMIpIOBaTBHOTO IaTYNKA OCBITICHOCTI
MPOTIOHYEThCS BEIMKA KiTBKICTh PI3HOMAaHITHHX €JIeK-
TPOHHHX €JEeMEHTiB. DOTOPE3HCTOPH UIi BHMIpIO-
BaHHS BUIUMOIO CIEKTPY ONTHYHOTO BHIIPOMIiHIO-

BaHHJ Ha 0a3i cynbdiny Kaamiro ( ﬂp =~ 0,53 MKkM) Ma-

IOTh TOPIBHAHO BEJIHWKHHA 4Yac BIATYKy (THIIOBE
3HaveHHs — 50 mc). TemHoBHH omip — mopsnky 1 Mom
3HUKYETHCS HEJHIMHO 13 3pOCTaHHSIM OCBITICHOCTI 10
npubsn3Ho 1 kOm. CriBBigHOIIEHHST Mk OoHOpoM R i
MOBHOIO TIOTYXXHICTIO TTAJal0doro CBIiTJIa BKpai Helli-

HIlHO IgR:a—b'Ig(PA),)ICP—iHTeHCI/IB—

HICTh OCBITIIEHHS; A — IJIOIIA Yy TJIMBOT MOBEPXHIi i @, b
— xoHcTaHTH. TemmnepaTypHa cTabiIbHICTh PE3UCTOPIB
HEBEJIMKa 1 3aJIeKHUTh BiJl CKJIaay, METOAY BHIOTOB-
JeHHs 1 piBHA ocBiTieHocTi. KpiM Toro, Hyp0Be 3Ha-
YeHHS MIHS€ETHCS 3 9acoM B Mexkax 10 20% 3a 1000 ro-
qwH [2]. ToMy 3acTOCYBaHHS [TUX TPHIIAZiB OOMeXeHe,
OCKiJIbKY BOHU HETIPHUIATHI JIs IBUIKOTO BiATYKY ab0
touHoro BuMmiproBauus [3]. TIpote, cmin Bim3HauwTH,
IO IIi aTYWKH JOCTATHHO YYTIHBI (KPATHICTH 3MiHH
OTIOpY BiJl TEMHOBOTO CTaHy A0 HOPMOBAHOI OCBITJIE-
HOCTI JIOCATa€ NEKITBKOX THCSY), IX BapTICTh HEBe-
JIMKa, TOMY BUPIIIEHHS 33/1a4 3aCTOCYBaHHS iX B JIOKa-
JBHUX CHCTEMax YIPaBIIiHHS IITYYHUM OCBITJICHHSIM €
AKTyaJIbHHUM.

AHaJi3 ocTaHHIX JocaiTxkeHb Ta myOaikanii. B
JMIACHUIN Yac NOCTaTHBRO 0araTo yBarw MPUIUISETHCS

po3poOIli pi3HOMAHITHHX CHCTEM YIIPABIiHHA IITYY-
HOTO OCBITJIICHHS B yMOBAaX IPOMHCIIOBHX Ta TPOMas-
HCBKUX 00’€kTiB. Ilpn 1IpOMYy IIMPOKO BHKOPHCTOBY-
IOTHCS. IIU(POBI Ta KOMIT FOTEPHO-IHTErPOBaHI TEXHO-
Jorii, TEpBUHHI BHMIPIOBAIBHI  NEpEeTBOpIOBaYi
OcBiTIIeHHs npaitooTh 3 ALII, o no3Bossie KoMIeH-
CyBaTH BiZIOMi 3aKOHH MOXHOOK Ta 3a0e3reuyBaTu Ho-
PMaTUBHY TOYHICTh BUMIpPIOBaHb.

3aBnanHs 3a0e3nedeHHs Ha poOoYMX MicusX pi-
BHS OCBITJICHOCTI HE HIDKYOTO BiZl HOPMOBAHOIO IIPO-
TATOM YCHOTO POOOYOTO0 Yacy, 3arodiraHHs HepamioHa-
JIFHOMY BHKOPHCTaHHIO IITYYHOTO CBiTJIa B HAHOLIBII
CBiTIIMI 9ac 10o0OH, YBIMKHEHHS a00 BUMKHEHHS OKpe-
MHUX TPYI CBITHJIBHHKIB YU PETYIIOBaHHS iX CBITIIO-
BOTO ITOTOKY 3aJISKHO Bil 3MiH IPUPOHOI OCBITIEHO-
CTi TPaIUILIIHHO BUPIIIYETHCS 32C00aMH IHTEIEKTyalb-
HUX cucTeM ynpasiiHes [4]. i BUMiptoBaHHS piBHS
OCBITJICHOCTI BHKOPHCTOBYIOTh YYTJIHUBI JaTUYUKU Ha
OCHOBI TOHKOIUTIBKOBHX (DOTOUYTIMBUX pPE3UCTOPIB,
¢doromionn ((ororpanzucTopu), criemianbHi HTENEK-
TyalbHI JaTYMKU 3 PO3LIMPEHHM CIIEKTPOM BHMIpIO-
panHs Ta ATl mocaigoBHOro HAOIUKEHHS HA OCHOBI
KOMYTOBaHO{ MaTpHIli KOHICHCATOPIB, SIKUH, B CBOIO
4yepry, oOpoOIrsie BXiIHI JaHi Ta mepegae ix mopo3ps-
JTHO, TOYMHAIOYH 31 CTAPIIOT0 PO3PsAY B KOMII IOTEPHY
cucteMy 0OpOOKH JaHUX.

BuzHayeHHs1 HeBUpilleHUX paHill YACTHH 3a-
rajbHoOi NpodJeMu.

IcHyrOYl TeXHIYHI pillleHHS BUKOpUCTaHHS (oTo-
PE3UCTOPHUX BUMIpIOBaJIbHUX NepeTBoproBauis (BIT) B
OLJIBLIOCTI CIPSIMOBAHI Ha X BUKOPUCTAHHS B IPHUCT-
POSIX yIIPaBIiHHS OCBITJCHHAM MO3UIIiiHOT mii. [TutaH-
HsiM 1oO0yxoBu BII Ha 6a3i ¢poTope3nucTopiB 3 mokpa-
IIEHNMH METPOJIOTITYHUMH XapaKTePUCTHKAMK MpPUIi-
JISIEThCS HEJJOCTATHBO yBAarH.

[pu mobynoei enekrponnux BII 3 ¢oTopesucro-
paMu MOXXKHa BUKOPHCTOBYBATH JIEKiIbKa METO/IIB, 110
3a0e3Meuyr0Th OTPUMAHHS HEOOXiTHIX TapaMeTpiB TO-
YHOCTI 1 0a)KaHUX XapaKTepUCTUK. B cykymHoOCTI MeTo-
B, BYKMBaHUX JJIsI OJIIIIEHHS METPOJIOTTYHHUX Xapa-
KTEPHCTHK, MOKYTh OyTH BHULIEHI: MapaMeTpHyHi; 3
BHKOPHCTAHHSAM 3BOPOTHHX 3B’s3KiB (33); KOMIIEHCA-
LiffHI 1 MOCTOBI; CTPYKTYpHI; TECTOBI; aJTOPUTMiYHi;
MoIyAIiHHI [5].

Meta nyoaikanii. B npencrasneniit po6oTi po3r-
JISIHYTI Ta MpoaHalli30BaHi HAWOUIBII JOCTYIHI CTPYK-
TYPHI METOAH MiJABUIIEHHS TOYHOCTI IIPH pO3poO1li BH-
MipIOBIILHOTO NEpeTBOpIoBayua Ha 6a3i GoTopesucro-
piB JUIi BHKOPHCTaHHS Y aHAJIOTOBUX JIOKAIBHUX
CUCTEMaX YMPaBIiHHS MTYYHUM OCBITICHHSIM.

BuxiiaseHHst ocHOBHOro Marepiaiy. /lo cTpyk-
TYpPHUX METOJIIB BiJJHECEHI Ti METOIH, MPH BUKOPHC-
TaHHI SIKUX 3aBISKH HASBHOCTI peryibO0BaHUX abo He-
peryJIbOBaHNX BUCOKOTOYHHUX (YHKI[IOHATBHUX BY3IIiB
1 KOMIIOHEHTIB, 200 3MiHHU CTPYKTYPH HEPETBOPIOBAIIB-
HOT'O TIPUCTPOIO, MOXKHA OTPUMATH OakaHi METPOJIOTi-
YHI XapaKTEpPUCTUKU HaBiTh 0€3 BUKOPHCTaHHS HeEra-
TUBHOT'O 3BOPOTHOTO 3B’A3KYy. IIpu nsomy BII BusiBns-
I0TbCS CTPYKTYPHO CTiHKMMH (TIpH 3aCTOCYBaHHI
CTIHKMX (pyHKUIOHANBHUX BY3JiB). TeopeTHYHO NHpH
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BUKOPHCTAaHHI CTPYKTYpHHUX METO/IB HE BUHHUKAE IIPO-
61eM i3 3a0€3MeIEeHHSIM CTIMKOCTI 1 HE BUMAaraeThCst KO-
peKImii XapaKkTepuCTHK (HYyHKIIOHAIBFHUX BY3JiB, 0e3
AKOi, SK TPaBHUJIO, HE OOXONATHCS EIEKTPOHHI JaH-
LFOTH, OXOILIEH] JtaHmoramu 33 [6].

[IpoTe Ha mpakTumi npobieMu i3 3a0e3MEUCHHIM
CTIMKOCTI € 3aBKIH, OCKUTBKH IPH CTBOPEHHI BUCOKO-
TOYHHX €JIEKTPOHHUX (PYHKIIOHAJIBHUX BY3JIB B O11b-
IIOCTI BUIAAKIB 3aCTOCOBYEThCS 33 B TOMY abo iH-

Uour

MiICUITFOBAY

a)

Puc. .1. [Ipunyunogi cxemu sumipro8anibHux nepemeoplosayie na 6asi pomopesucmopa

[epa cxema (puc. 1a) — Tpaauuiitauii mepeTBo-
pIoBay «oIip — Hampyra» 3 BUKOPUCTAHHSM OJIMHAp-
HOTO MOCTY HOCTiHHOTO cTpyMy. I1oTpiOHMIi Koedii-
€HT MEPETBOPEHHS CXEMHU OTPHUMYETHCS 32 JOIIOMOT'OI0
PI3HHMLIEBOTO BUMIPIOBAJIBHOIO MiJCHIIIOBAa4Ya Ta NPHU
BUKOPUCTAHHI CYYacHUX THIIIB ONEPaliiHUX IHCTPY-
MEHTAJIbHUX MiJICHIIIOBAaYiB TOYHICTH BiJATBOPEHHS 3a-
JAaHUX TIapaMeTpiB € JI0CTaTHhO BHCOKOI0. ToOTO, OC-
HOBHHMM €JIEMEHTOM, SIKUH BU3HA4Ya€e (PyHKIIIO HeperT-
BopeHHs BII Ta ii TO4HicTE € MOcTOBa cxema. Sk
MOKa3aHo y po0oTi [7], 4yT/iMBICTH MOCTOBOI CXeMH
BU3HAYAETHCS PIBHIHHIM

E 1

R? (1+m)[q(1+1/m)+1+n] “

ne KoeiieHTH n, m,  — KpaTHICTH OITOPIB CXEeMH
MOCTY TIO BiJHOIIIEHHIO JI0 omopy (oropesnuctopy Ri:

R,=mR;; R;=nR;; Ryyoa=0R;;

R 4 =mMn Rl' ITpu Binomux Ta ikcoBaHHUX 3HAYCH-

MU

HiIX n TaQ ‘lyTJ’II/IBiCTL MaKkCHuMaJibHa Ipnu BEJIMYHHI

m=,/q(1+q+n), ?)

TOOTO ISl BUINAIKy MOCTY Jpyroi cumerpii (

R1= Rg, R2 = R4, N=1)ra q=5,1<oe(1)iui—

€HT m:1[5(l+5+1) ~6.

OyHKIIiS TEpETBOPEHHS 3MiHU OMOpYy GoTOpe3nc-

Topy A Rl B BUXIJHY HAIIPYyTy CXEMH Ma€ BUTIISA:
R4

A+AR,-B’

A=RR,+RR,+R,R,+R,R,:

U,=AR,-E ©)

ac

BUMIpPIOBAJIbHU

oMy BUDIIiAl. CTPYKTYypHI METOAN 3aBXKH BUKOPHC-
TOBYIOTHCSl Y TIOEJHAHHI 3 MAapaMEeTPUIHUMHU 1 METO-
nmamu OC. [pu pimeHHi TeXHIYHOT 331241 i ABUIICHHS
touHocTi II1 CTPyKTYpHI METOAM € IPYTHMH 110 3HAUY-
IIOCTI TIic/Is METOIiB 3BOPOTHOTO 3B A3KY. IX XapakTe-
PpHOIO 0cOOMMBICTIO € (PyHKITIOHAIFHA CTIMKICTB 1 Bif-
CYTHICTB SIKHX-HeOyab pobieM 3 ii 3a0e3meueHHsIM.
Ha puc. 1 noka3zasi cripolieHi NpUHINIIOBI CXeMHU
HaiOlTbI po3noBcrokenux BII 3 BuKopucTaHHAM
(doTope3ucTopis Ha 0a3i onepaniiHUX MiICHITIOBAYIB.

R1=AR

0)

B=R,;+R,.

Hpyra cxema (puc. 16) — mympTHBIOpaTOp Ha 06a3i
OlepaniiHoOro IMiJICKUIIIOBaYa, B SIKOMY (GOTOpE3ucTop
BBIMKHEHO B KOJIO BiJl’€MHOTO 3BOPOTHOTO 3B’5I3KY, 3a-
BSKH 4OMY Omip (OTOpE3ncTopa BILIMBAE HA YACTOTY
Ta IIMApyBaTiCTh BUXIIHHUX MPSMOKYTHHX IMITYJIbCIB.
IeperBopenns «Omip — yactoTay («Omip — mmnapysa-
TICTB») € OUTBII MEePEIIKOTOCTIHKAM, BUXI]l CXEMH CY-
MICHHH 3 TH(POBOIO CHCTEMOIO YIIPABIIHHS Oe3 Jo/aa-
tkoBoro ALII. Kpim toro, Ginbmricts cydacHnx IMC
JpaiiBepiB JJIs CBITIOMIOIB Ta AIMMEpPIiB Ma€ K aHa-
JIOTOBHY BXiJ HANpYTH KepyBaHH, Tak i Bxig [IM —
YIPaBIiHHS, TaKa CXeMa CIIPOIIy€e MOo0yI0By aBTOMa-
TUYHOI CUCTeMH CTabiti3arii piBHS OCBITICHOCTI.

OyHKIIi MEepeTBOPEHHsS Omopy (HOTOPE3UCTHB-
HOT'O JlaT4MKa B iH(GOpMaIiiiHi apaMeTpy — 4acToTy

FO Ta MmnapyBaTiCTh QO BHU3HA4YaKOTHCA CIIIBB1JTHO-

NICHHAMU:
1 (R,+AR)+R,
F, = - ,
R,-C-A 2(R,+AR)+R,
_2(R,+AR)+R,
° (R,+AR)+R,
ﬂeA:|H(1+2R4/R3).

HesBakaroun Ha BiTHOCHY NPOCTOTY pO3IJISHY-
tix cxeM BII, TexHiuHa peanizamis MpUCTPOIB mepea-
0ayae HASBHICTh BU3HAYCHUX MOXUOOK IEPETBOPEHHS,
OB ’SI3aHUX 3 PEATbHUMH TEXHIYHUMH XapaKTepUCTH-
KaMH €JIEMEHTIB CXEeM.

B nilicamii gac Oarato iHTENEKTyalbHUX TpH-
CTpOiB (IHTEJIEKTyaJIbHI NATYNKH, IHTEIEKTyaIbHI T1e-
pETBOPIOBAYi, aJanTHBHI MPUCTPOI Ta iHIII) peamidy-

4)

®)
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I0Th 13 3aCTOCYBaHHSIM CTPYKTYpHHX METOJIB IOJIII-
IICHHS TOYHOCHHUX XapaKTepHCTHK. [Ipy nopansmomy
PO3TISII CTPYKTYPHOTO METOLY IOKPAIIEHHS TOYHOCTI
MO3HAYNMO (YHKIIIO MEepeTBOPeHHs ocHOBHOTO BII,
mapaMeTpH SKoro nomnmryoTtecs, Ki. Heo0xinuny dy-

e

>Y
+

AY

1/K
x
=1 K
A x L=

a)

HKIIIO TIepeTBOpeHHs no3Hauumo K. B cTtpykrypy mo-
kpamieroro BII (puc. 2a) BBeZieHO NpeU3iiHUI 3BOPO-
THUIT meperBoproBad 3BII, ¢QyHKIiS mepeTBOpeHHS
SIKOTO piBHA BEJMYHUHI, piBHI 3BOPOTHOMY 3HAYEHHIO
HeoOXiaHO1 (QYHKINIT IepeTBOpeHHs, T00T0 Kok = 1/K.

X + Y
K,
AX M

1/K
-y Yok

+

0)

Puc. .2. Cmpyxmypa cmiiiko2o mounozo enekmponHo20 6UMIPIOGATIbHOZ0 NePemEopro8aid

3a ymoBu K1 = K 1 BIICYTHOCTI MOTPIIIHOCTI T1€-
peTBOpEHHs Oy/ie CIIpaBeIUBE PIBHAHHS:

AX =X Yo =X =X K:2-=0

SIKIII0 Y OCHOBHOT'O BUMIPIOBAJILHOTO MIEPETBOPIO-
Baya € MOrPilIHICTh Kl =K+A Kl , TO cCUTHaIH X
i Yok He piBHI MK cOOO0FO 1 HAa BUXO/Ii MOPIBHAIBHOTO

NPUCTPOIO 3’SBUTHCS CHUTHAI AX | sxuit JIOPiBHIOE
MPUBEJICHOMY 110 BXOJAY CHTHaJy MOTPIIIHOCTI Heper-
BOpeHHs. BiH nmogaeTbesi Ha BXiJ IOIOMDKHOIO Tiepe-
TBOpIOBaYa, GYHKIIiA IepeTBOpeHHS skoro Ko Oim3bka
bi (o) HEeoOXiTHOT ¢bysKIii 3 TOYHICTIO

K,=K+AK,
Lleli nepeTBOpIOBaY MIEPETBOPHUTH CUTHAJ MTOTPilLl-
HOCTi. Y cyMaropi CHTHAJ IOTPIITHOCTI TIePETBOPEHHS

AY HiJICYMOBY€EThCSL 3 CHTHAJIIOM OCHOBHOI'O Iepe-
TBOpIOBaya. B pe3ynbTari HpOro miacyMKOBE 3HAYCHHS
MOTPINTHOCTI iICTOTHO 3MCHIITY€ThCSL.

ToOTo, CyTh METOY MOJISITAE B TOMY, 1110 32 JOTIO-
MOTOI0 3BOPOTHOI'O IE€PETBOPIOBaYa i MOPIBHSILHOTO
MIPUCTPOIO BU3HAYAETHCS 3HAYEHHSI OTPIIIHOCTI, MPH-
BefeHOT M0 Bxony. CHrHai MOTPIIIHOCTI MEPETBO-
PHUTBCSl y BHUXIIHHMH CHUTHAJ 3a JIOIOMOTOIO JIOJaTKO-
Boro BII, aranoriuroro ocHopaoMy. Ha Buxozi mporo
BII 3’sBisgerscss curhaj, OJM3BLKHKA 3a 3HAYEHHSIM 10
MOTPILTHOCTI BUXiTHOTO cuTHAIYy ocHoBHOro BII. ITin-
CYMOBYIOUH CHTHAJl MOTPITHOCTI 3 BUXIJIHUM CHUTHa-
J10M ocHOBHOTO BIT Y BIaeTscst iCTOTHO I IBUILIUTH TO-
YHICTh NEPETBOPEHHS | MONIMIINTH XapaKTEPUCTUKH
BII.

KinbkicHy OIIIHKY BIUIMBY Ha (DyHKILIIO MepeTBoO-
peHHsI J10/IaTKOBUX (YHKIIOHAJILHUX BY3JIB, MPOBE-
JIEMO Ha TiJICTaBl PiBHSHB, L0 XapaKTEPU3YIOTh CUT-
HaJli OKpeMHUX (YHKIIOHAJIBbHUX BY31iB. [Ipu 1pomy
BPaxoBYEMO T€, I1I0 3BOPOTHHIA IEPETBOPIOBAY MA€E MO~
rpilHicTs nepeTBopeHHs i 3amictsb 3Hayenus 1/K iioro
(YHKIIS ~ TepeTBOpEHHS  MOXE  JIOPIBHIOBATH

1U(K +AK,).

OTpHMaHO PIBHSIHHS [UIsl BUX1IHOI'O CUTHAIY:

vox [k _AKAK, | KAK,+AKAK, +AKAK, o
K+AK, K+AK,
Bpaxosytoun, mo Ha npakruni K >> A K3 i K+A K3 ~ K nposoamimo nepersopenss:
Y =x . K[1-2KAK,  AK,  AKAK, +AKAK, -

K 2
3 METO0 MNOJAJBUIOTO0 CHPOLIEHHS 3HEXTYEMO
CKJIAIOBHMH, [0 MICTATh B 3HAMEHHUKY JPYTY CTYIiHb
(yHKIIT TepeTBOPEHHS, MICIISl YOTO OTPUMYEMO:

Y=X-K 1+A—K3 (8)

TakuM YHMHOM, IIPU BUKOPHCTAHHI CTPYKTYpPHOTO
MeToxy Kopekuii morpimuicTs BIT B mepmry wepry 3a-
JIOKHUTH BiZl TOYHOCTI OTPUMAHH HEoOXiqHOT (yHKIIT
MIEpETBOPEHHS Y 3BOPOTHOTO nepeTBoproBaya 3sl1.

ADCOIIIOTHO aHAJIOTIYHO MO>KHA ITOKa3aTH, 1110 CY-
MaTrop BHOCHUTH IOTPILIHOCTI, SIKI HiSIK HE KOMIIEHCY-
I0ThCSl 32 JIONOMOroro naHux meroxiB. IlorpimHicTs

K K?

cyMaTopa anre0paiqHo MmiJJCyMOBYBaTHMETHCS 3 TIOTPi-
ITHICTIO 3BOPOTHOTO MEPETBOPIOBAYA.

TexHi4HI TPYIHOIII CTBOPEHHS BHCOKOSKICHUX
AHAJIOTOBHX CYyMaTOpiB OOMEXYIOTh MOTEHIIIHI MOX-
JIUBOCTI 3alPOMOHOBAHOTO METOAY MiIBHUIICHHS TOY-
HoCTi. JIoUiIpHO peaizyBaT iX CIIIBHO 3 METOJaMHU
3BOPOTHHUX 3B’s3KiB Ta Omepallii maIcyMOByBaHHS pea-
J30BYBaTH IU(POBUMH METOIAMHU.

[Tpu HEOOXiTHOCTI TOAATKOBOTO TTiIBHINEHHS TO-
YHOCTI AHAJIOTIYHO PO3TIITHYTOMY MOXHA CTBOPHTH
JIOJIATKOBO /1 JIAHITIOTIB KOpeKIii. JIJ1si KOKHOTO 3 TAKUX
KU BUX1THUI CUTHAJ IOBUHEH 3HIMATHUCS 3 BUXONY CY-
MaTopa MONEPEIHBOTO KOJIa, IKUH BUKOHYE KOPEKIIitO.
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JAnst po3IIIiHYTOrO CTPYKTYPHOTO METOLY AJIS 3a-
Oe3MeveHHs 1HBapPiaHTHOCTI XapaKTePUCTHK IMEPETBO-
PEHHSI MOXKIIMBO BUKJIIOYHTH 3 CTPYKTYPH ApYyTHIl T1e-
perBoproBad K>, ineHTHaHUH nepriomy. CUrHa morpi-
IIHOCTI AX, OTpUMAaHWI aHAJIOTIYHO TOMY, SIK I1e OyIo
3po0JIeHO Yy BUIAAKY, PO3TIITHYTOMY BHIIE, IiJICYyMO-
BYETHCS 3 BXiJJHUM CHUTHAJOM B CyMaropi, SKHH BCTa-
HOBJICHHH Ha BXoi cxeMH. [Ipu nipomy Oynie qocsiray-
THH TOW ke e(eKT, Mo 1 y MoneperHboMy BUIAJIKY.
[IpoTe BuUMoOrH 10 cymaTopa, BCTAHOBJIEHOTO Ha BXOJI,
pisko 3pocrarotk. Moro mectabinpHOCTi i morpimmocri
30ibIIyroTECSE B K pa3iB 1 Kojla KOpeKUil iX HisfK He
3MEHIIYI0Th. TOMy, HE TUBIISYNCH Ha OYEBUIHI €KOHO-
MiuHI iepeBaru ctpykrypu BII, ananoriuni (puc. 26),
Ha TIPAKTHIII 3aCTOCOBYIOTH IyXKe PiAKO.

Mo>KIIMBOCTI iHBapiaHTHHUX CTPYKTYp EJIEKTPOH-
Hux BII noku BUKOpPUCTOBYIOThCS HeNOCTaTHHO. Cy-
YacHUH piBEHb PO3BUTKY TEXHOJOTIH MiKpOEIEKTpO-
HIKH, IPY BUKOPUCTaHHI sIKKX BapTicTh BII maio 3ane-
JKUTh BiJl KIJIBKOCTI BUKOPHUCTAaHHX B HIM CJICMCHTIB,
POJIb CTPYKTYPHHUX METOIB B CTBOPEHHI MpPEIU3iHHUX
enekTpoHHHX BII moctynoBo 301bIIyeThes.

Cnin 3BepHYTH yBary Ha Oiiblly, HDXK y 3BHYaii-
Hux BII, HaniliHicte cTpykTyp. Tak, sKiio oquH 3 1e-
perBoproBauiB K/ abo K2 Buiine 3 nany, TO mpamne3ja-
THicTh BII 30epeskeTncs, Xx0ga METPOJIOTIUHI XapaKTe-
PHUCTHKH BUHIYTH 32 MEXi HOPMOBAHHUX 3HAYEHb.

BucHoBku Ta mpomo3umii. PeamizyBatu mepe-
Baru CTPyKTypHOTO METOy MiABUINEHHS TouHOCTI BIT
BIAETHCS TUIBKU 332 HASIBHOCTI BUCOKOTOYHHUX B3a€MO3-
BOPOTHHX TEPETBOPIOBAYIB 1 BUCOKOSKICHHX CyMaTo-
PIB EIEKTPUYHKMX CHTHAJIB. SIKIIO BOTO 3a0e3MeYnTH
HEe MOXKHa, TO e()eKTHBHICTh 3aCTOCYBaHHS CTPYKTYp-
HHUX METOJIIB IMiIBUIICHHS TOYHOCTI Oy/Ie HEBEIUKOIO.

Mertoj 1OB’si3aHUIA 3 alapaTHOK HaIMIPHICTIO 1
BiJITIOBIZTHO OLTBIIIOI0 BAPTICTIO 1 CKIIATHICTIO IPUHIIU-
noBoi cxemu BII. OnHak, cy9acHUH CTaH TEXHOJIOTIH
HIBEIIOE IIi HEJIOMIKY, 1 KUTbKiCTh nperu3iitanx BII, B
SKHX 3aCTOCOBaHI CTPYKTYpPHI METO/IH TOJIIMIICHHS Xa-
paKTepUCTHK, Oe3nepepBHO 30UTbIyeThCs. [IpH BUKO-
pUCTaHHI CTPYKTYPHUX METO/IB iIBUIICHHS TOYHOCTI
JIOBOJIUTHCSI MPEJ1 SIBIISITH )KOPCTKI BUMOTH JI0 TOYHO-
CTi 1 CTaOUILHOCTI ITApaMETPIB 1 XapaKTEPUCTUK (YHK-

LiOHAJIBHUX BY3IIiB, 110 BXOISTh 10 ckiany II1 anano-
TiYHO TOMY, SIK II€ JOBOAMTHCS POOUTH B CXeMaX 3 KOH-
BEPTOpaMH HETaTHBHUX ONOPiB i mpoBixHOCTI. ToMy Ha
MPAKTUIl CTPYKTYPHI METOIW i METOIU 3BOPOTHOTO
3B 513Ky BUKOPHCTOBYIOTHCS OJJHOUACHO.

PosrnsanyTi B poboTi ocobmmBocTi Metoay ams BIT
CBITJIOBUX BEJIUYUH JO3BOJSIOTH OOMpATH ONTHMAb-
HUH TPUHLMII TIEPETBOPEHHS Ta BU3HAYaTHU TEXHIYHI
napametpu einementiB BII. IlepcnexTuBoro mopmaib-
LIMX AOCIIKEHb € po3poOKa MaTeMaTHYHOI MOJIeN Ta
noJiajplie KoM torepae moaemosanus BIT 3 mokpa-
IIEHNMH XapaKTePUCTHKaMH 3 METOI0 PO3POOKH 1HXKe-
HEPHHUX PEKOMEH/IAMiN IS IPOEKTYBAHHS IEPETBOPIO-
BadviB.
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AHHOTAIIUSA

Hp06neMa OKCILUTyaTallu aBTOHOMHBIX BETPO-COJHCUYHBIX SHGKTPOCTaHHHﬁ, CBA3aHHA C BO3BMOXXHBIMHA HEUC-
MNPaBHOCTAMU ABTOHOMHBIX ACMHXPOHHBIX I'€HCPATOPOB BETPOYCTAHOBKH. CaMbBIMH pacnopoCTpaHCHHBIMU HCHUC-
MMPAaBHOCTAMU SABJIIIOTCS 3dMKHYTBIC HA KOPOTKO BUTKHU o6MoTkH. Mes HeOOoIbIIOE X KOJIMYECTBO (He ooinee 5
%), TeHepaTop NpoaoIDKaeT cBoio padoty. Ilpu 3TOM HabmromaeTcs meperpeB 0OMOTOK, YTO MOXKET IOCITYKHTh
HpH‘IHHOf/i BbIXOJa U3 CTPOA C-)J'ICKTpI/I‘IGCKOﬁ MallvHbl, BOBHUKHOBCHHS BO3TOpaHUs U, HA KOHCH, HAPYIICHU CHU-
CTEMBI 3HeKTp00Ha6)KeHI/IiI B IICJIOM. H606XOZ[I/IMO AUArHoCTUPOBATh JAHHBIC BU/bI HeHCHpaBHOCTeﬁ, TO €CTb I10-
JYYUTh COOTBETCTBYIOIIEH HHPOpPMALK 00 TapamMeTpax TOKOB U HAaNPsDKEHUM reHeparopa.

ABSTRACT

The problem of operation of autonomous wind-solar power plants associated with possible malfunctions of
autonomous asynchronous wind turbine generators. The most common faults are short-circuited windings. Having
a small number of them (no more than 5%), the generator continues its work. In this case, overheating of the
windings is observed, which can cause failure of the electric machine, the occurrence of fire and, at the end, a
disruption of the power supply system as a whole. It is necessary to diagnose these types of malfunctions, that is,

to obtain relevant information about the parameters of the generator currents and voltages.
KiroueBblie cioBa: OKCIUTyaTanus, BETPO-COJHCUHAA JICKTPOCTAHIMA, BUTKOBBIC 3aMbIKaHUA B 00MOTKE

CTaTOpa, aBTOHOMHBI aCHHXPOHHBIA TeHepaTop.

Keywords: operation, wind-solar power plant, turn circuits in the stator winding, autonomous asynchronous

generator.

MupoBast TeHIEHIHS pocTa TapuOB HA IJICKTPO-
SHEPTHUI0, KOTOpasi CBs3aHAa C MOCTOSHHBIM Y0pPOXKa-
HUEM HE BO30OHOBIISIEMBIX DHEPTETHUECKUX PECYpCOB
TUTAHETHI, BEJET K TOMY, YTO MBI BCe Oojee pemin-
TEJIbHO U HAIIOPUCTO PeLIaeM BOIPOCHI HCIIOJIb30BAHMS
aJlbTEpHATUBHONW SHEPreTUKW B Hamel >xu3Hu. On-
HUMU U3 TaKUX «JIaPMOBBIX)» YHEPreTHYECKUX pecyp-
COB IS YEJOBEYECTBA M SABIMIOTCS HEHCCSIKaeMas
SHEpPrusi BeTpa U COJHIA.

OpfHako ydYeHble MPUILIN K BBIBOAY, YTO KOM-
TUIEKCHOE WX MPUMEHEHHE B TPOMBIIUICHHOCTH WU
YaCTHOM CEKTOpe — HaMHOTO 3((eKTHBHEH, Hexenn
MPUMEHEHHE dTUX YHEPTOPECypcoB MOpo3Hb. Mcxoms
13 TaKUX COOOpaKEHHs, HA CBET U POJIUIIACH UJIES CO-
3MaHUSA MOOWJIBHBIX BETPO-COJTHEUHBIX THOPUIHBIX
9JIEKTPOCTAHLIMMA, MCMONB3YIOMINUX, KaK BBl YXKe
HABEPHO MOHSUIN, B KAUECTBE SHEPTOHOCUTENICH — dHEP-
TUIO BETpa U COJIHLA.

JlaHHBINA THI MOOMIILHBIX AJIEKTPOCTAHIIUN — SIB-
JseTcs THOPUIHON CHCTEMO HAKOMUTEIHHOTO HHBEP-
TOPHOTO THIIA, paboTalomel B KOMIUIEKCE KaK Ha BO3-
OOHOBJISIEMBIX MPHUPOIHBIX HSHEPrOPECcypcax, KOUMH
SIBIIIFOTCS U1l 4YEJIOBEYECTBA BETEP U DHEPIUs COIHEU-
HOTO U3IYy4EHUs, a TAKXK€ U C UCIOIb30BAHUEM KHUJI-
KOT'O TOILIUBA.

st yenosuit, k npumepy, Poccnu, a B ocodeHHO-
CTH €€ CpeIHEH IMOJIOCHI, IJle KOJIMYECTBO BETPSHBIX
(macMypHBIX) UM COJHEYHBIX THEH B TOJY IMPHUMEPHO
OJIMHAKOBO, MPUMEHEHHNE TAKUX THOPHIHBIX BETPOCOII-
HEYHBIX JJIEKTPOCTAHIMHA HEOOJBIIONH MOIIHOCTH —
MIPOCTO MACATBHBIN BAPUAHT JIJISI €r0 HCIOJIH30BAHUS B
YaCTHOM CEKTOpE.

Takast ruOpugHAsT ANEKTPOyCTAaHOBKA MO BBIpa-
0OTKE JIIEKTPOIHEPTUH, CIIOCOOHA O0OECIEeYHTh CTa-
OMIBHOCTH €€ TOCTYIICHUS] B CETH HEOOJIBIINX KOTe-
JDKHBIX TIOCEJIKOB, 3arOPOJHBIX JOMOB W HEOOJBILIOTO
YacTHOro On3Heca.
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AKKYMyJISILUS DHEPTUH, TTOIy4E€HHON OT «IIepBO-
HCTOYHHMKOBY», B 3TUX 3HEPrOCHCTEMAX — IMPOUCXOIUT
B aKKyMYJIITOPHBIX OaTapesx, ¢ X HampsHKeHHeM 12
nnn 24 Bonpt. Jlanee, 3TOT MOCTOSHHBIN TOK C aKKy-
MYJIATOPHBIX OaTapell CTaHIWH, MTOCPEACTBOM HHBEP-
Topa, mpeodpasyercs B HanpspkeHue 220. B cumosoit
3JIEKTPUUYECKOM ceTu U yacToTol Toka 50 I'm.

ONEeKTPOCTaHIIMKM JAaHHOTO THIIA MpeJHa3Hada-
I0TCS JJIs1 SHEProNOTpeOuTENeH IIMEKTPUIECKUX OBITO-
BBIX ceTel mepeMeHHOoro Toka ¢ vactotod 50 I'm u
HarpsbkeHueM B cetr 220 B, a taxoke norpeOuteneit
MOCTOSIHHOTO TOKa ¢ HamnpsikeHueM 12, 24 u 48 BoubT.
Hcnons30BaThes TaKUe 3IEKTPOCTAHIIUKM MOTYT, Kak B
CTAIMOHAPHBIX YCJIOBHSAX NPH HX MOJKIIOYECHUH K CY-
IIECTBYIOIINM OBITOBBIM 3JIEKTPOCETSIM, & TAKXKE U IS
YCIIOBUN BO3HUKHOBEHUS aBapUIHBIX WM YpE3BblYaii-
HBIX CHTYyallli — B KA4eCTBE aBapUIHHO-PE3EPBHOTO HC-
TOYHHKA SHEPTOCHA0KEHHS.

Kak ykazano B [1, c. 2], o ceil neHs Bce ele ak-
TyaJIbHBIM OCTAETCs BOIIPOC HCIIOIB30BaHNUS aBTOHOM-
HBIX aCUHXPOHHBIX TeHepaTopoB (AAI’) ¢ eMKOCTHBIM
BO30YKJICHHEM B BETPOUIEKTPUUECKUX YCTAHOBKAX.

ACHHXpPOHHBIE T€HEPaTOPHl YCTOWYIMBEI K KOPOT-
KHUM 3aMbIKaHHSIM, a YCTPOMCTBA aBTOMaTHUECKON pe-
TYJIUPOBKH HANpSDKEHHWS — CIVIAKUBAIOT  IIEpeTajibl
HarpspkeHus. [loaToMy oHM 0COOEHHO BOCTpPEOOBaHbI
JUISL 3IEKTPOCBAPKH M ITUTAHHUA aKTHBHBIX Harpysok.
KoncTpykuus Takux arperatos 0osee mpocrasi, a caMu
OHU 0oJiee HaIe)KHBIE U JOJITOBEYHBIE.

Knupdakrop acHHXpOHHBIX arperaTtoB COCTaB-
nsieT He 6onee 2%, U 9T0 0003HAYAET, YTO OHU BBIpaA-
6aThIBAIOT 3JIEKTPOIHEPTHIO IPAKTHUECKH Oe3 Bpen-
HBIX cOCTaBiONMX. [lo3ToMy NpH HCTIONB30BaHUH
TaKHUX arperaToB TEJIEBU3HOHHBIC NMPHEMHUKHU, HCTOY-
HUKH Oecriepe0OHHOro MmUTaHus paboTalT yCTOWYH-
Bee, a CBApOYHBIE ammapaTsl 00ecneynBaloT dojee Ka-
YECTBEHHBIH II0B.

PoTopsl acHHXPOHHBIX T€HEPATOPOB MPOU3BOMSAT
HE3HAYMTENbHOE TEIUIOBBIJCIICHNE, He Tpedyrolee
OXJIKIEHUS, YTO IMO3BOJIIET FePMETHU3NPOBATh BHYT-
PEHHIOIO IT0JIOCTh arperaTa. biaromapsi aToMmy 3Ha4u-
TENBHO paciupsercs: cdepa UCIONB30BaHUS arpera-
TOB, KOTOPBIE MOTYT JKCIUTyaTHPOBATHCS B YCIIOBHSIX
MOBBIIIECHHON 3aIbIJICHHOCTU U BBICOKOW BJIA’KHOCTH.
Takast repMeTn3alus COCOOCTBYeT U Oosee mpoIoJi-
XKHUTEIBHOMY CPOKY CIYXObI 3JeKTpocTaHIui. [Ipu
SKCIUTyaTaIlil aCHHXPOHHBIX T'€HEPAaTOPOB JOIyCKa-
eTcsl MOAKIIOYEHHE K pasHbIM (azam moTpebuTesneit
pasHOM MOIIHOCTH (JOMyCTHMOE 3Ha4eHHE HepaBHO-
MEpHOCTH Harpy3ok no ¢asam cocrasiuser 10 70%),
YTO NMPAKTUYECKH HEBO3MOXKHO B CIy4ae UCIOIb30Ba-
HUSI CHHXPOHHBIX arperaTos.

BerporenepaTopsl 3JIEKTPOCTAHINH HCHOIB3YIOT
700 IS 3apAIKH aKKyMYJISTOPOB, THOO KaK HE IIH-
CTBEHHBIE B CHCTEME, T.€. TIEPETPY30K B CHCTEME C BET-

poreHeparopami ObITH HE JOJKHO, TOATOMY M HCIOJIb-
3YIOTCS TPOCTHIE, dPPEKTUBHBIE W HaAEKHBIC ACHH-
XpOHHBIE TEHEPaTOpsl. B Apyrux cucremMax 4acTto HET
Oy(epoB (aKKyMyJIATOPOB) IIO3TOMY BEPOSTHOCTH BO3-
HUKHOBEHUS IIEPETPY30K JOCTATOYHO BBICOKA, UTO M HE
JaéT NCTIONIb30BATh ACHHXPOHHBIE T€HEPATOPHI.

ACHHXPOHHBIE T€HEPATOPBI TAKXKE ITOBEPIKEHBI
pa3MYHBIM TEXHHYECKMM HEJIOCTaTKaM Kak, HamlpH-
Mep, HecTaOMIIbHOCTBIO HarpshkeHus. Kpome Toro, xak
OTMEYEHO B [2, €.3], CYLIECTBYET €1Ile 01Ha BO3MOXKHAs
TeXHUYecKasi MpodiieMa SKCIUTyaTallul JaHHOTO BHJA
TeHEPaTOPOB, CBA3aHHAS C BO3MOXKHBIMH ITOBPEKICHH-
SIMA B ero 0OMOTKaX. Tak, B KOPOTKO3aMKHYTOH 00-
MOTKE POTOpPa BO3MOKHO HAJIMYUE ITOBPEKIECHHBIX
cTepkHeH. JlaHHBIH BUA IOBPE)KACHUS HAa3bIBaeTCs 00-
PBIBOM CTEpPIKHS M MOXKET BO3HUKATh M3-3a Pa3IUIHBIX
MIPUYWH, HAIIPUMEp, U3-3a MleperpeBa reaepaTopa.

B obmoTke ke craTopa, 9TO ommcaHo B [3, c.2],
TaK)k€ BO3MOXKHO BO3HHUKHOBEHHE Pa3JIMUHBIX MOBpE-
xaeHuil. Cpequ MaHHBIX HEHUCIPABHOCTEH caMBIMHU
pacnpoCTpaHCHHBIMU SABJIAIOTCSA 3aMKHYTBIE Ha KO-
POTKO BUTKH O0OMOTKH. MMest HeOOobIoe UX KOJIHYe-
cTBO (He 6onee 5 %), reHepaTop MPOAOIDKAET CBOIO pa-
6oty. [Ipu sTOM HabIrOIACTCS TIEperpeB 0OMOTOK, YTO
MOJKET MOCITY>KUTh NIPHYMHON BBIXOJIa U3 CTPOS 3JIEK-
TPUYIECKONH MAIIWHBI, BOZHUKHOBEHHUS BO3TOPAHUSA H,
Ha KOHEIl, HapyIICHUs] CHCTEMBI 3JIEKTPOCHA0XKEHUS B
1enoM. JT1o Bce 00yciIaBiIuBaeT HEOOXOIUMOCTh JHa-
THOCTHPOBAHHS JIaHHBIX BHUJIOB HEUCIIPAaBHOCTEH, TO
€CTh IOJYYEHHs COOTBETCTBYIOIIEH MH(pOpMAIH 00
U3MEHEHWH TOKOB M HANpsDKeHWI reHeparopa. 3Has
COOTBETCTBYIOILYIO HH()OPMALIUIO, MOXKHO JIMarHOCTH-
pOBaTh JaHHBIA BHJ HapyIIEHUs HOPMaJIbHOI paboTHI
reHeparopa Ha paHHeH CTaJuH U, COOTBETCTBEHHO, BO-
BpeMsSI  YCTPAHHUTbL KOHKPETHYIO HEHUCIPAaBHOCTb.
Kpome toro, 3ToT MOMeHT nproOperaeT 0co0yio Baxk-
HOCTH B CBETE TOT'O, UTO IIPU BBIXOJIE M3 CTPOS AIIEKT-
POYCTaHOBKH C T€HEpaTopoM, MBI ITOJy4aeM COOTBET-
CTBYIOIINH TEXHOJOTHYECKHIH yIIepO.

Jlst  acCHHXPOHHBIX 3JIEKTpOJBHUTraTenell ObuIn
MIPOBE/ICHBI UCCIIEAOBAHNUS TOKOB ITPH BHYTPEHHHUX I10-
BPEXKJICHUSIX IKCIIEPUMEHTAJIBHO U MOJIEIIUPOBAHHEM.
B co3zpanuu ycTpoHCTB peneiiHOM 3aluThl aCHHXPOH-
HBIX T€HEPAaTOPOB TPYIHOCTH 3aKIIFOYAETCS B TOM, YTO
MOKa MaJio MCCIJIEJ0BaHbI MPOLECCHI PU BHYTPEHHHUX
KopoTkux 3aMbikaHusAX (K3) B oOMoTKe cTaTtopa rexe-
paTopa u He onpeaeneHbl HHPOPMAaTHBHBIE TapaMeTPHI
WIN NPU3HAKH, XapaKTepU3yolHe COOTBETCTBYIOLINE
noBpexaeHus [1, c.1].

Jns skceprMeHTa Oblila HOATOTOBJIEHA YCTa-
HOBKa C aCHHXPOHHBIM F€HEPAaTOPOM, BEIIIOJHEHHAS Ha
0aze aCHHXPOHHOTO BJICKTPOJBHIaTesl ¢ KOPOTKO3a-
MKHYThIM potopom Tuna 4A100S4Y3 (3 kBr, 1435
006/mun) [1, c.1]. Cxema ycTaHOBKH H300pakeHa Ha pHU-
cyHke 1.
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Pucynox 1 - Cxema sxcnepumenmansHot yCmaHosKu

IIpu wucmonp30BaHMM aBTOHOMHOIO AaCHHXPOH-
HOTO TE€HEpaTopa €ro MPHBOJA MOXKET UMETh pa3Ivy-
HYI0 MEXaHHYECKYI0 XapaKTepHCTUKY. XapaKTepu-
CTHKa MOET OBITh «KECTKOI», KOTIa YHCI0 000POTOB
MPaKTUYECKH HE 3aBUCUT OT HArpy3KH, U «MATKOW»,
IpU CYIIECTBEHHOW 3aBUCHMOCTH 4YHCNa OOOPOTOB
MPUBOJIA OT €r0 Harpy3KH.

B skcnepuMeHTe aCUHXPOHHBIA T'€HEpaTop IpH-
BOJIMJICS BO BpAIlleHUE JABUraTe]IeM IIOCTOSIHHOTO TOKa
(puBOJ reHepaTopa C «MSTKOID» MeXaHM4YecKoH Xa-
PaKTEPUCTUKON, HHIIEKC «2»,) WM ACHHXPOHHBIM JBH-
raresieM (TIPHBOJ TEHEPATOpa € «KECTKOH» MeXaHude-
CKOM XapaKTEepPUCTUKOM, HHACKC «1»). MoIHOCTE mpH-
BOJHBIX JBUraTelell ObUIa cOM3MeprnMa C MOIHOCTh
ACHHXPOHHOTr0 reHepaTtopa. HanpsbkeHue reneparopa
Ha MOMEHT 3aMbIKaHHs MOAEPKHUBAIOCH PaBHBIM 220
B.

HckyccTBeHHbBIE 3aMBIKaHHS MEXTy Pa3iIuIHbIMU
BUTKaMU B (ha3HbIX 0OMOTKaX aBTOHOMHOT'O aCHHXPOH-
HOTO TeHepaTopa CO3/aBaliCh C IOMOILBIO CIEIUallb-
HBIX, TIPEIBAPUTENIBHO BBIBEJCHHBIX HapyXXy U3 J1000-
BOM 9acTH OOMOTKH CTaTOPa, BHIBOJIOB.

OmnbIThl MOKAa3alM, YTO HPU BUTKOBBIX M MEX-
ny¢asneix K3 B 0OMOTKe craropa M MajioM 4HCIIe 3a-
MKHYBIINXCS] BATKOB T€HEPaTop He TepseT BO30yXie-
HHS, 3 TOK B KOPOTKO3aMKHYTOH 4acTH OOMOTKH yBe-
muuuBaerca B 5-10 pa3 1o  CpaBHEHHMIO C
HOMHHAJIBHBIM. ['eHeparop TepsieT BO30YyXIeHHUE
TonbKO 1pH 15-30 % 3aMKHYTBIX BUTKOB B 3aBHCHMO-
CTH OT Harpy3KH U BeJTMYNHBI EMKOCTH BO30YXKICHUS.
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Ha pucynxke 2 nokasaHbl KpuBble U3MEHEHHUS TO-
koB K3 AAT ¢ mpruBoiaMu, UMEIOIIUMH «MSTKYIO» U
<OKECTKYIO» XapaKTEePUCTHKH B 3aBUCHMOCTH OT IIPO-
LEHTHOTO COOTHOIICHHS YWCJIA 3aMKHYTHIX BHTKOB K

YHCITy BUTKOB B (haze (W , %0).
W= Wk / Wo '

W - YHCJIO

rac K

3aMKHYTBIX BHUTKOB,

W0 - YUCIIO BUTKOB B (haze.

W3 naHHBIX HKCIEPHUMEHTa BUIHO, YTO BHE 3aBH-
CHMOCTH OT BHJa IIPUBOJA TOK B 3aMKHYTBIX BHUTKaX
YMEHBIIAETCs IIPU UX YBEIUYCHUU. Y MCHBIIICHHE TOKA
IIPYU MaJIOM YHCIIe 3aMKHYBIIUXCS BUTKOB OOYCIIOB-
JICHO BJIMSHHEM COINPOTHBIICHHS MPOBOJHHUKA 3aKOpa-
YHMBAIOIIETO BUTKH.

Takum 00pazoMm, B pe3ysbTaTe 3KCHEPHUMEHTAb-
HBIX MCCIIE/IOBAaHUI yCTAaHOBIICHO, YTO NPH HAINYNH B
CTaTOpPHOH OOMOTKE aBTOHOMHOTO aCHHXpPOHHOTO Te-
Hepatopa 3 — 15 % KOpOTKO3aMKHYTBIX BUTKOB OH HE
TepsieT BO30YKICHHUS 1 IPOAOIDKACT TUTATh HATPY3KY.
ITpu aTom Tok B K3 BUTKaxX MpeBbIMIaeT HOMUHAIBHBIN
B 4 — 7 pa3. [losToMy ISl aCHHXPOHHBIX T€HEPATOPOB
JUIs 6€30IaCHOM HKCIUTyaTaIlii aCHHXPOHHBIX TeHepa-
TOPOB B THOPHUIHBIX 3HEPIrOYCTAaHOBKAX, OHU JIOJIXKHEI
UMETh HAJEKHYIO 3alIUTy OT PA3IMYHBIX HEHCIIPABHO-
CTe, BOHUKAIOIINX B UX 0OMOTKaX.

30 40 W%

Pucynok 2 — Kpusvie usmenenusi moxkos K3 eumrxoe AAI: 1 — npusoo ¢ «ocecmroily xapakmepucmurou, 2 —
NPUBOOD C «MS2KOILY XAPAKMEPUCIUKOL
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W3 naHHBIX HKCIEPUMEHTAa BUJHO, YTO BHE 3aBH-
CHMOCTH OT BHJA NPHUBOJA TOK B 3aMKHYTBIX BHUTKaX
YMEHBIIACTCSI IPU UX YBEINUCHUU. Y MEHBIIICHUE TOKA
IPY MajoM 4YHCIIE 3aMKHYBIIMXCSI BHTKOB 00YyCIIOB-
JICHO BIIMSTHHEM COIIPOTHBIICHHS IPOBOJHHKA 3aKOPa-
YHMBAIOIIETO BUTKH.

Taxum 00pa3om, B pe3ynbTaTe SKCIEPHUMEHTAb-
HBIX MCCJIEIOBAaHUIN YCTAaHOBJIEHO, YTO MIPU HAJIUYHUHU B
CTaTOpHOW OOMOTKE aBTOHOMHOTO aCHHXPOHHOIO Te-
HepaTopa 3 — 15 % KOpPOTKO3aMKHYTBIX BUTKOB OH HE
TepsieT BO30YKICHHUS U TIPOJOIDKAET ITUTATh HArPy3KY.
IIpu aToMm Tok B K3 BUTKax MpeBbIIaeT HOMUHAIBHBIN
B 4 — 7 pa3. [loaToMy Uil aCHHXPOHHEIX T€HEPATOPOB
Juts 0€30T1aCHOM 3KCIUTyaTallii aCHHXPOHHBIX TeHEpa-
TOPOB B THOPHUAHBIX YHEPrOYCTAHOBKAX, OHH JIOJKHBI
MMETh HaJIS)KHYIO 3alUTy OT Pa3IMIHbIX HEUCIIPABHO-
CTel, BOSHUKAIOIINX B HX OOMOTKAX.

B HacTtosimee BpeMst mMeeTcs BO3MOXKHOCTB HC-
MOJIb30BAHUS YCTPOMNCTB 3aIlUTHl PEarupyroulnx Ha
HECHUMMETPHUIO MarHUTHOT'O MOJIs1 BHYTPH IeHepaTopa B
ciryyae BUTKoBoro K3 B cratopHoit 0OMOTKe (T1pu pas-
MEIICHUH KOJIbIId, OXBAueHHOT'O (eppOMarHUTHHIM
CEpJICUHUKOM, BHYTPH 3JIEKTPUYECKOH MamuHbl) [5,
c.2].

Bo3M0OXHO mocTpoeHue ApPYrux 3alluT, Hampu-
Mep, pearupyroonmx Ha BHOpanuio KOpIyca reHepa-
TOpa B CIIy9ae MOBPEXICHN 0OMOTKH CTaTOpa MWIIH PO-
TopHOW OOMOTKH. B KadecTBe UyBCTBHUTEIHFHOTO
yCTpoOiicTBa 3aIIWTHI, MO3BOJIAIOIIETO OMPENEIATH U
BUTKOBBIE 3aMbIKaHNS OOMOTOK CTaTOpa aBTOHOMHOTO
ACHHXPOHHOT'O T€HEPATOPa, HIMEETCSI BO3MOXKHOCTD HC-
M0JIb30BaTh YCTPOWCTBO, OCHOBAaHHOE HA HUCIOJIb30Ba-
HUH JJaTYMKa BUOpAIMHU, KOTOPBIA KPEIHUTCS Ha KOPITYC
reHeparopa.
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B mponecce Co3JaHunsd HHKITIO3UBHOU 06pa30BaTCJ’[LHOﬁ Cpeabl IPEKIAC BCETO H€06XOI[I/IMO obecreunTs Oe3-
OIIaCHBIC YCIIOBUA O6y‘I€HI/I$I. C60p u 06pa60TKa CTAaTUCTUYCCKUX JTAaHHBIX O [MapaMeTpax ABUIKCHHUS 3BaAKyallUOH-
HBIX ITOTOKOB C MHKJ/IFO3WBHBIX KJIACCOB ABJISICTCA aKTyaJ'H:HOﬁ 3a)1aqel71.

B cratbe MpCACTABJICHbI PE3YyJIbTAaThl SKCIECPHUMCHTAJIbHBIX I/ICCJ'[C,Z[OBaHI/Iﬁ napamMeTpoB JABUKCHUA ,HCTCﬁ
MJIAAIICTO HIKOJBbHOT'O BO3pAacTa HAa TOPU30HTAJIBHBIX YHAaCTKaX MMYTH ITPU 3BAKYallUU U3 yqpemaeﬂm‘/i IIKOJIbHOT'O
O6pa3OBaHI/Iﬂ C MHKJIIO3MBHBIMH KJIacCaMH. Y CTaHOBJICHBI 3aBUCHMOCTH CKOPOCTH U MHTCHCUBHOCTHU JABUKCHUA

OT UX IMJIOTHOCTH HAa TOPU3OHTAJIBHBIX YYaCTKax ITyTH.

ABSTRACT

The process of introducing an inclusive educational environment demands providing safe learning conditions.
The collection and processing of statistical data on the parameters of evacuation flows movement from inclusive

classes is an urgent task.

The article presents the results of experimental studies of the movement parameters of primary school-aged
children on horizontal sections during evacuation from school institutions with inclusive classes. The dependences
of the speed and intensity of evacuation flows on their density have been established.
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Introduction. Inclusion in education means edu-
cational services provided at the state level, based on
the principles of non-discrimination and the principles
of unhindered involvement of all its participants in the
educational process.

Recently, the number of inclusive classes and
groups in Ukraine has been growing rapidly. Thus, ac-
cording to the Ministry of Education and Science of
Ukraine, in the period from 2015 to 2020 their number
increased almost 7 times. As of January 1, 2020, a total
of 19,348 children with special educational needs are
enrolled in inclusive classes of Ukrainian schools. In
January 2020, the total number of registered inclusive
classes in our country was 13,782, and inclusive educa-
tion was organized in 37% of secondary schools [1].

It is worth noting that for Ukraine inclusive edu-
cation is an innovation in the field of pedagogy. As a
rule, in the initial stages of implementation, all such ac-
tivities face a large number of challenges. One of the
main problems in the introduction of inclusive educa-
tion is the need to adapt staff, facilities, training pro-
grams and other documents for the work of children
with special needs.

Particular attention should be paid to ensuring safe
learning conditions when creating an inclusive educa-
tional environment. It should be noted that in Ukraine
the mortality of children in fires exceeds the European
Union rate by more than 4 times. Children with special
needs are more vulnerable during fires, which empha-
sizes the relevance of research on fire safety in institu-
tions with inclusive groups [2], in particular, the collec-
tion and processing of statistics on the parameters of
evacuation flows from inclusive classes.

Actual scientific researches and issues analysis.
A large number of studies aimed at studying movement
of adults during the evacuation from various buildings
has been performed. Studies based on the use of the
psychophysics laws are presented in the works of V.
Predtechensky, V. Kholshchevnikov, D. Samoshin, A.
Parfenenko, and others. [3, 4]. A large number of field
studies have been described in the works of such scien-
tists as G. Prolux, E. Heyes, G. Hedman [5, 6]. Re-
searchers did not also ignore the problem of evacuation
of people with special needs. Such studies are presented
in the works of V. Kholshchevnikov, V. Sednev, Yu.
Burenko. However, a significant number of works
abroad (A. F. Van Bogaert, M. Horasan, D. Bruck, H.
Klipfel, R. Ono, A. R. Larusdottir, A. S. Dederichs,
etc.) and in the post-Soviet space (V. Kholshchevnikov,
D. Samoshin, A. Parfenenko, V. Nizhnyk, O. Teslenko,
S. Tsymbalisty) is devoted to the evacuation of children
of different ages from educational institutions. At the
same time, it is extremely difficult to find data on the
study of flow parameters dealing with children with
special needs. This is primarily due to the fact that the
active implementation of inclusive education is a rather
innovative process. In addition, it is quite difficult to
ensure the involvement of children with special educa-
tional needs in conducting experiments and field obser-
vations.

The procedure for organizing inclusive education
in secondary schools was approved by the Resolution
of the Cabinet of Ministers of Ukraine of August 15,
2011 #872 (due to Resolution of the Cabinet of Minis-
ters #588 of August 9, 2017, a number of changes was
made to the Procedure). In accordance with this proce-
dure, the number of children with special educational
needs in the inclusive class is as follows:

— not more than three children with musculoskel-
etal disorders, mental retardation, impaired vision or
hearing, mild intellectual disabilities, etc;

— not more than two children who are blind, deaf,
with severe speech disorders, including dyslexia, au-
tism spectrum disorders, other complex developmental
disorders (hearing, vision, musculoskeletal disorders in
combination with intellectual disabilities or mental re-
tardation) or those who move on wheelchairs [7].

To optimize the educational process in inclusive
classes, an additional staff unit is provided — a teacher's
assistant. Besides other duties, the teacher’s assistant is
responsible for evacuating children with special educa-
tional needs in case of a fire.

The purpose of the article is to collect and pro-
cess statistical data on the parameters of movement of
primary school-aged children during the evacuation
from the inclusive classroom.

Methods

Within the work field observations and experi-
mental studies of primary school-aged children in 3
schools with inclusive classes have been conducted, as
well as additional experimental studies in several regu-
lar schools.

According to the results of initial observations, it
was found that the speed of evacuation from inclusive
classes, represented by two children in wheelchairs,
will be the lowest. Under such conditions, the teacher
and the teacher's assistant must ensure the movement of
children in wheelchairs and manage the evacuation of
other children in the class.

Surveillance camera data were used to collect sta-
tistics. The flow density was determined as follows:

1. Since the cameras were fixed statically, the
frame from each camera was transferred to the graphic
editor Corel Draw, in which the grid was applied to the
image. This grid divided the entire observation area
into 1x1 m squares.

2. The grid was saved as a graphic file in PNG for-
mat. Each camera received its own grid.

3. Using the ShotCut video editing application, the
corresponding grid images were superimposed on the
recorded video clips.

4. The grid made it possible to determine both the
path traveled by the participant of the flow for a certain
point in time (hence, the speed of movement), and the
number of people in a certain area, i.e. the density of
the flow.

This method made it possible to determine the pa-
rameters of evacuation in horizontal areas.

Results
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According to the results of processing videos
made during the movement of primary school-aged
children in horizontal areas during the evacuation from
educational institutions with inclusive classes, a total of
232 speed measurements were performed at different
values of human flow density. The values of the area of
the horizontal projection of the participants of the ex-
periment were taken according to DSTU 8828: 2019.

To establish the calculated relationships between
speed and flow density, the method proposed by V.
Kholshchevnikov was used [8]. The dependence of the
human flow speed on its density is described in the gen-
eral case by the formulas:

D
VDj :VOj 1—aj InD— ,mpu D > DOj D

Vi,
the j-th section of the route at the corresponding flow
density D;

Op; - the intensity of the movement in the flow on

is the speed of movement in the flow along

the j-th section of the route at the corresponding flow
density D;
D — density of human flow in the area of the route;
Doj — the value of the density of human flow in

the j-th section of the route, at which the density of the

flow begins to affect the speed of people (m?/m?);
V0 i~ the average value of the speed of free
movement of people on the j-th section at the corre-
sponding value of flow density, m/min.;

a i~ coefficient that reflects the degree of influ-

Oj ence of human flow density on its speed during move-
Op, =V_.D ) ment on the j-th section of the route.
Oj Oj According to the results of research, the depend-
where ences of the speed and intensity of the of primary
school-aged children flow during evacuation from in-
clusive classes on their density (on the horizontal sec-
tions of the route) were established (Fig. 1-2).
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Figure 1 — Dependence of the primary school-aged children flow speed during evacuation from inclusive classes
on their density (horizontal sections)
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Figure 2 — Dependence of the primary school-aged children flow intensity during evacuation from inclusive
classes on their density (horizontal sections)

The obtained values of &, D

VOj are presented in table 1.

0j
Table 1
Values of &;, DOj : VOj
Route type Flow type a, DOJ' ' VOJ' ‘
m?/m? m/min
. Primary school-aged children (2 people on
Horisontal wheelchairs in the flow) 0,288 0,04 46
Conclusion to the TACTICS method (Proceedings of the All-

The results of studies show that the average speed
of the primary school-aged children flow (including 2
pupils on the wheelchairs) depends on the actions of
teachers and teacher’s assistants and is lower than the
average speed during evacuation from regular school.
It can be calculated by the formula:

Vp = 46[1—0, 288-1In O—[()M}

The paper defines the parameters of evacuation
only for horizontal areas (which is natural, since the
classrooms for children using wheelchairs can be lo-
cated only on the first floors of schools).

The task of the further research is to establish the
similar movement parameters for children with special
educational needs representing other age groups and
disability type, to determine the impact of the presence
of such children on the speed of evacuation from edu-
cational institutions with inclusive classes and groups.
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