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THE INFLUENCE OF HYDROTHERMAL CONDITIONS ON THE CULTIVATION OF SPRING
BARLEY IN THE RIGHT-BANK FOREST-STEPPE OF UKRAINE

ABSTRACT

ZabarnaT.
Vinnytsia National Agrarian University
Vinnytsia

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 NeoPsoKeo 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 . .
T Soil Minimum Average . Maximum Minimum
Month er];egllﬂttag]og moisture, | soil temper- | soil temper- t?nﬂng;zjg 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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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

;\ﬁ) 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 Jlo 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?2, 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 N9OP60KG60 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
NgoPsoKso 64,4 | 52,2 58,3
Mai Without fertilizer 38,8 | 308 34,8
(for Z'rﬁn) N6OPE0K60 50,6 | 448 477
NgoPsoKeo 62,1 | 497 55,9
Without fertilizer 37,9 | 295 33,7
Sunflower N60P60K60 499 | 421 46,0
NgoPsoKso 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 N90OP60K60 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 NgoPsoKeo 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 NgoPesoKeso 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 NgoPgoKeo 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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JIe BKJIMBO OL[IHUTH BIUTHB T'OCIIOAPCHKOT MisITbHOCTI
1010 3eMJICKOPUCTYBAHHSI, 3MiH Y 3eMJICKOPHCTYBaHHI
Ta JICOBOTO TOCIOAapCcTBa Ha OanaHc abcopOuii i BU-
kuais CO? Ta iHIIMX TApHUKOBHX Tas3iB.

Po3pobinieHHs cTpaTerii pO3BUTKY 3eMEIbHUX BiJl-
HOCHH, BKJIFOYHMBIIH IPOrPaMHI IHCTPYMEHTH B PO3BH-
TOK arpapHOTO CEKTOPY Ta CUTLCBKHX TEPUTOPiH, Ta-
KO III0J10 MTOKPAIICHHSI IePKaBHOT €KOJIOTIYHOT MOJTi-
THKHM 13 palliOHAIbHAM BHUKOPUCTAHHAM 3E€MEIbHUX
pecypciB. [TocuneHHs poOOTH 3 TiABUIIECHHS TPABOBOL
Ta eKOJIOT1YHOI KyNbTypH Cy0’ €KTIiB 3eMENBbHHUX BiTHO-
CHH.

BBeneHHS MexaHi3My CTPaXxOBOTO 3aXHUCTy sIKic-
HOTO CTaHy OPEHIOBAHUX 3eMENBHUX IUISHOK, IO J0-
3BOJIUTH MiJBUIIUTH MaTepialbHy BiAMOBIAATBHICTE 1
3alliKaBJIEHICTh OpEHapiB y MiHIMi3allil HEraTHBHOTO
BIUTMBY iX TOCIIOAAPCHKOI ISUTBHOCTI Ta MiJICHITUTH KO-
HTPOJIb 32 BUKOPUCTAHHSIM KOIITIB /ISl TIOTIEPEPKEHHS
1 TKBigamii HACTIIKIB IHOTO BILTUBY ciix Oyio O BBe-
CTH.

BucnoBku Ta mpomo3umii. OTOX, IS MOKpa-
IeHHs €)eKTHBHOCTI BUKOPHUCTAHHS 3€MEIb CiIbCHKO-
TOCIOIaPCHKOTO MPU3HAYCHHS, TiABUIIICHHS CUIBCHKO-
rOCIOJIApPChKOTO BUPOOHHIITBA, PO3BUTKY COLIAIBHOT
chepu TepUTOpIATBHUX T'POMaj, MOTPIOHO 00'eqHATH
3YCHJIIIS BCIX: TEPUTOPIiaJIbHUX TPOMaJI, O13HECOBHUX ar-
POCTPYKTYp, TPEACTABHUKIB IHIIAX OpraHi3allii, sKi
MPAIIOIOTH Ha TEPUTOPIT 00'€AHAHUX TEPUTOPIATBHUX
rpoMaj. A TakoX B yac mpoBeeHHs pedopM epxaBa
MMOBUHHA SIK HAaKTUBHIIIIE 3aCTOCOBYBATH CBOIO PETY-
JATUBHY (YHKITIIO 1 BCi HasBHI BaKeli B YIIPaBIIiHHI
CITbCHKUMHU TEPUTOPISMH, B TIEPITY YEpPry BIOCKOHA-
JIFOFOYH YIPABIIHHS 3eMENbHIMHU PECypCaMu.

Bce 11e MOXIHBO, SIKIIO 3a0€3MEYUTH BiTbHY KOH-
KYPCHI[iI0 Ha PUHKY 3 €JIEMECHTAMH ICPYKABHOI peryis-
TOPHOI TOJITUKHY; 3aIPOBAIUTH CHCTEMY COI[ALHOTO
3aXUCTY HACEJICHHS BiJl HETATUBHUX SIBHILL, [IOB’I3aHUX
i3 pehopMyBaHHSAM Ta peopraHizalfi€ro 3eMelIbHUX BijI-
HOCHH 1 arpapHOTO CEKTOPY CKOHOMIKH; HaJIaTH TCPH-
TOpIAILHUM TPOMajaM OuNbIIEe MOBHOBAXCHH MO0
BUPINICHHS 3eMEIBHUX MTUTAHb.

Kpim TOT0, MOTPiOHO CIIpsIMyBaTH BCi 3yCHIUISA Ha
BHUpIIIICHHS THTaHb 3a0e3MeUeHHS OXOPOHH 3EMEllb,
MIIBUIICHAS POJIOYOCTI TPYHTIB Ta €KOJIOTIYHOI 6e3-
MEeKH CITBCHKUX TEPUTOPIHN MIISXOM 3TIHCHEHHS KOM-
IUIEKCY 3aXO[iB BIAMOBIAHO 10 MPOEKTIB 3eMIICYCT-
POI0, PO3POOKY SKHX, Y 3aKOHOAABUOMY TOPSIKY,

BCTaHOBHTH OOOB'SI3KOBOIO JUIS BCIX 3€MJIEKOPUCTYBa-
YiB.

Bce ne nacte 3MoTYy HiABUNIATH €(hEKTHBHICTE BU-
KOPHCTaHHS 3€MEBHUX PECYpPCiB HOBOYTBOPEHHX TE-
PUTOPIaTBHUX TPOMA/] B IIEPi0O IPOBEICHHS aAMiHICT-
pPaTUBHO-TEPUTOPiANIbHOT pedopMu B YKpaiHi, 110 Io-
BHHHA CTaTH CKJIA/JIOBOIO YACTHHOIO €IMHOT IEPIKaBHOT
€KO0JIOr0-eKOHOMIYHOT IMOITHKH, SKa 3a0e3medye parfi-
OHAJIbHE BUKOPHCTaHHS, OXOPOHY Ta YIPaBIIiHHS BciMa
3eMENIbHUMH PECypCcaMH, a TaKOoX CIIPHUSE 3ampoBa-
JDKEHHIO Y3TOJDKCHHX [ OpraHiB Iep>KaBHOI BJIAJIH,
MICIIEBOTO CaMOBPsIIyBaHHS, 3eMJICKOPUCTYBAYiB 1 Ha-
YKOBOI CHITBHOTH.

TakuMm unHOM, PO3poOKa eHEeKTHBHUX pealicTH4-
HUX KOMIUIEKCHUX TIPOTPaM MI0JI0 PO3BUTKY CLITBCHKIX
TEPUTOPIATEHUX TPOMaJ, TIOBUHHA CTaTH CTPATETiUuHO
Ba)KJIMBOIO CKJI/IOBOIO PO3BUTKY PETiOHY, IIEPEyCiM 3
OISy Ha ITPOJIOBOJIBYY, JeMOrpadiuHy Ta eKOJOTTYHY
Oe3nexy Ykpainu.
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AHOTANIISA

Y3aranpHEeHO Ta MPOaHaAi30BaHO Pe3yJIbTaTH JOCIIKEHb Ha OCYIIyBalbHO-3BOJIOXKYBaJIbHOI cucTeMu «Po-
MeH» 3a ocTaHHIX 85 pokiB. [IpencraBieHi pe3yabTaTH OCHOBHUX MiJICYMKIB POOOTH ClITBCBKOTOCIIONaPCHKOTO
OCBO€HHS OCYIIYBAHUX 3€MCJIb Ta BOPOBA/PKCHHA HAYKOBUX JOCATHCHD IPU Meniopauﬁ 00T 1 TMEPE3BOJIOKCHUX
3emeus JliBobepesxnoro Jlicocreny Ykpainu. BUcBiTieHI TOUUIBHICTD 1 aKTyaIbHICTh BAKOPUCTAHHS B JJAHUH Yac
arpoTeXHIYHUX NPUHOMIB €()eKTHBHOTO OCBOEHHS OCYIIIyBaHHX 3eMeJb Ha MPUKIIAAl HayKoBUX po3poOok. Hage-
JIeH1 TaHi JOCTIKeHb Ta CIIOCTePEeKeHb HATIPABJICHI Ha MiABUIIECHHS BPOXKANHOCTI CLTBCHKOTOCIIONAPCHKUAX KY-
JTBTYpP BHPOIIYBAaHUX HA OCYIIYBAHUX 3eMJIISIX, 0OpOOITKY HITHHHUX i CTAPOOPHUX IPYHTIB, HOPM, ()OPM, CTPOKIB
1 coco0iB BHECEHHS MiHEPATBHUX Ta OpraHiuHNX 100puB. OnrcaHi HAYKOBI HaNpaIIOBaHHSI MOKJINBOCTI BUPO-
IIyBaHHS HAa OCYITYBAIBHUX 3eMJISIX MAJOMIOIINPEHUX KYIBTYP, SKi € IEPCIIEKTUBHIMH B CYJaCHUX yMOBaX 3MiH
kiimary JlicocrenoBoi 30Hu. HaBenenuit orsan ycmintHUX BUIPOOYyBaHb arpOTEXHIKH BUPOIIYBAHHS TEXHIYHUX
KYJIBTYp, CTBOPCHHS KYJIBTYPHUX CIHOKOCIB i1 macoBuml. BiqMiueHO OCHOBHI HAaIIPSIMKH IO po3po01li Bogo3oepira-
10401 TEXHOJIOTIT 3BOJIOXKEHHS MEJIOPOBAHUX 3€MEllb, SIKa Ja€ MOKIIMBICTh MOKPAIIUTH SKOJOTIYHUH PEXUM Ha
MGJ’[iOpaTI/IBHI/IX CHUCTEMaAX. Cy‘IaCHi ACTICKTU B CKCIICPUMCHTAJIbHUX HaIlpsIMKax )IOCJ'IiJl)KCHB ¢ 3aCTOCYBaHHA
KOHTYPHO-BOJI0AKYMYJTIOIOUHMX CHCTEM IPH MeTiopailii 0e3CTIYHNX OHWKEHB, PO3POOICHHS Ha OCHOBI OaraTopi-
YHHUX )IOCJ'IiIl)KeHB OCHOBHUX TEXHOJIOTIYHHUX napaMeTpiB BUPpOLIYBaHHSA BUCOKONIPOAYKTUBHUX KOPMOBUX KYJIb-
Typ (Taii3u, aMmapaHTy Ta KOpMOBHX 000iB) Ha OCYIIyBaHUX 3eMIISIX 3 YPaxyBaHHSIM IPHUPOAHO-KIIMAaTHYHUX YMOB
Ta KOHCprKTI/IBHO'TCXHOJ’IOFi‘IHI/IX oco0nuBocTER MeJ'IiOpaTI/IBHI/IX CHUCTEM SIKI € PEOpE3CHTAaTUBHUMU JIs1 TEPpU-
Topii ryminHoi 300U Ykpainu JliBoOepexxHoro Jlicocremy.

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.

Kuro4oBi ci1oBa: BogHUI peknuM, BPOXKaiHICTh, METIOPAaTUBHI CHCTEMH, OCYITyBaHi 3eMJIi, CITbCHKOTOCTIO-
JApChKi KyJIBTYPH, TOPQOBI 1 MiHEpaTbHI 3eMJIi.

Keywords: water regime, yield, reclamation systems, drained lands, agricultural crops, peat and mineral
lands.
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IMocranoBka npodsaemu. B arpapHomy cekropi
VYkpaiHu B OCTaHHIH 4ac BiIOyBalOTHCS K EKOHOMIYHI
TaK 1 KIMIMaTW4Hi 3MiHH, 110 BUMaraloTh 3BEpHYTH Oi-
JBIIY yBary Ha OCyIIyBaHi 3eMJi B T.4. 1 B 30Hi JIiBo-
6epexxnoro Jlicocremy. [ migBHUIEHHS BHCOKOIPO-
IyKTHBHOTO BUKOPHCTAHHS OCYIITYBaHUX 3€Mellb Ta €KO-
HOMIYHOTO OOTPYHTYBaHHS MOLITBHOCTI iIHBECTHIIIN Y
METiOpOBaHi 3eMJTi, 0 AACTh MOXKIIMBICTE OJICPKAHHS
JIOJATKOBOTO MPUOYTKY, TOTPiOHO BPaxOBYBAaTH PO3-
pobuieHi HayKOBi TEXHOJOTiI BHPOITYBAaHHS CLIBCHKO-
TOCIIOJAPCHKUX KYJIBTYP HA OCYLIyBaHHX 3eMIIAX IPH
e(heKTUBHOMY OCBOEHHI OOJIOTHHX 1 TIEPE3BOJIOKEHHIX
MiHEepaJbHUX 3eMelb JUIS 3a0e3Me4eHHs ONTHUMAJb-
HOT'O BOJIHOT'O 1 TIO)KMBHOT'O PEXXUMIB B OPHOMY LIIapi.

Haii6inpm axTyansHUMU OyayTh IOCIIDKEHHS,
CIPsIMOBaHI Ha BJJOCKOHAJICHHS BOJIOPETYJIIOBaHHS Me-
JiOpaTHBHUX 00’ €KTIB NP JOTPUMaHHI ONITUMaIEHOTO
BOIHO-TIOBITPSHOTO 1 IMMOKUBHOTO PEKUMIB OCYIITyBa-
HUX IPYHTIB, CKOHOMIYHHX Ta €KOJOTIYHHUX BUMOT 3Ti-
IHO 3 onoxeHHsaMu «Crparerii...» [1]. Amxke, rmoba-
JBHI Ta perioHaNbHI KIIIMaTHYHI 3MiHH, SKi XapaKTepH-
3YIOTBCS ~ TEPEBAXKHO,  CTIMKMM  MiABHIICHHIM
TEMIIEPaTypPHOTO DEXHUMY, ICTOTHO BIUIMHYIH Ha
YMOBH BOJI03a0€3neueHHsT YKpainu [2 ].

BaxuiBe 3HaYeHHsI Mae y3arajibHEHHs OaraTopid-
Hux pociimkens IBITIM HAAH, npoBenenux Ha 6asi
OCYIIyBaJIbHO-3BOJIOKYBaIbHOI  cucteMu  «Pomen»
CyJIBCBKOTO JOCIHITHOTO TMOoJisi B yMoBax JliBoOepex-
Horo Jlicoctermy. 3a yac poOOTH HAayKOBO-ZOCIiIHOI
YCTaHOBH 3i0paHa 3HAYHA KUTBKICTh MaTepialiB edek-
THBHOTO BUKOPHCTAHHS OCYIIyBaHHX 3eMellb, BCTAHO-
BJICHI HOPMH OCYIICHHS IJISi OKPEMHUX CUITBCHKOTOCIIO-
JApCHKUX KyJIBTYP 1 migiOpani HAWOIIBII yposKalHi co-
PTH, pO3po0IIeHi cepeHi HOpMHU BHECEHHSI JOOPUB i
OCHOBHI KyJIbTYpPH, BUBUEHI CITIOCOOH OCHOBHOT'O 00pO-
OiTKy IPYHTY 3 BpaxyBaHHsS CTYINEHs OKYJbTYPEHOCTI
rpyuriB. IIpoBenena 3HayHa poboTa mo po3poOili Hay-
KOBHX OCHOB CTBOPEHHS CIBO3MiH, po3po0ieHi
NpUIOMH BUPOIIyBaHHs BHCOKHX BPO’KaiB ClIILCHKOI0-
CHO/AapChKUX KyIbTyp 1 cmocobu ©OopoTsOu 3
Oyp’stHaMH, BIOCKOHAJICHI TEXHOJIOTI] peryroBaHHS
BOJIHO-TIOBITPSIHOT'O PEKUMY 32 JIOTIOMOTOIO €KCIIEpH-
MEHTAIBHHX IIEPEBIPOK y BUPOOHHYNX YMOBaX HOBUX
TUTIB METIOPAaTUBHUX CHCTEM.

Be3 HasBHOCTI IHTEHCHBHUX TEXHOJIOTIN, aqanTo-
BaHMX JI0 3MiH KJIIMary B yMOBax Je]iluty mpupoa-
HOT'O BOJIOT03a0€3IICUCHHSI, BUPOIIYBAHHS CLIBCHKOTO-
CIO/IapPChKUX KYJBTYp CTa€ HepeHTabenbHuM. Lle cro-
CYETbCS 1 BUKOPHCTaHHS OCYIIyBaHUX 3EMellb
JliBoGepexxnoro Jlicocremy. Ampke eeKTUBHICT OCY-
HIyBaJIbHUX MeJiopaliii 1 BUKOPUCTaHHS MeJiopoBa-
HUX 3€MeJb 3aJICKHUTh BiJl ONTUMAJIBHOTO MOETHAHHS
TEXHIYHMX, TEXHOJIOTIYHMX Ta OpTraHi3amiiHHX pi-
IIEHb, 5IKi 0a3yIOThCs HA aHANI3l Ta y3arajJbHEHHI Ha-
OyTOro JOCBigy OaraTOpidYHHUX JOCIiIKEHbB, MIPOBEIEC-
HUX B IIbOMY DETiOHi, Ta po3poOJIeHH] Ha Hili OCHOBI
METOZOJIOTIi BelIeHHs KOMIUICKCHUX MeIiopalliii Bpa-
XOBYIOYH OCOOJTUBOCTI CiIBCHKOTOCTIOIAPCHKOTO BUKO-
pHUCTaHHS OCYIITyBaHUX 3€MeNb Ta Cy4acHi KIIMaTHIHI
3minm [3].

3anuIIaThCs aKTyalbHUMU JOCIIDKSHHS MpH-
HOMIB onTHUMI3allii TEXHONOTIYHHUX 1 BHYTPILIHIX YMOB

JUTSL THABUIICHHS €()eKTHBHOCTI BUKOPUCTAHHS IPUPO-
JHUX PECYPCIB IUIIXOM MPOTpaMyBaHHs BPOXKaHHOCTI
KyJIbTyp. B ymMoBax HecTiliKOro HpHpOIHOTO 3BOJIO-
JKeHHSI JAaHOTO PETIOHY BaXJIMBUM € HA ChOTOJIHI ONTH-
Mi3allis 30BHIIIHIX YMOB JUIs BUPILIEHHsS NPOOIeMHU
JOLITTBHOCTI PO3BUTKY 3POIICHHS 3 BH3HAYCHHAM OC-
HOBHHX ITapaMeTpiB [4].

e (CydJacHMM acIeKTOM peati3alii BOJOperyJmo-
I0YMX 3aXOJIiB Ha OCYIIyBaHHX 3EMIISIX € 3aCTOCYBAaHHS
PeCypCOOLIaIIMBUX TEXHOJOTIN pPeryiaroBaHHS BOJI-
HOTO PEeXHMY, B OCHOBY SIKHX IOKJIQJICHO OOIPYHTY-
BaHHS JOIUIBHOCTI 3aCTOCYBaHHSI HEBEJIHMKHX HOPM
3pOIICHHS, L0 € aKTYAJILHUM, 5K T0Ka3y€e HassBHUMH J10-
CBiJl, B YMOBaXx JIIMITOBaHOI KIJIbKOCTI IIOBEPXHEBOTO 1
JIPEHaKHOTO CTOKY.

MeTo10 1OCHITKEHb € y3aranbHeHHs OaraTtopid-
HUX HAyKOBUX JOCITieHb B 30H1 JliBoOepexHoro Jli-
cocteny YKpaiHu (Ha OCyNIyBaJbHO-3BOJIOXKYBAIbHIN
cucteMi «PoMen») Ta oro BUKOpUCTaHHS IS HayKO-
BOTO 3a0e3neUeHHs Cy9acHOro (PyHKIIIOHYBAaHHS BOJIO-
PETYIIIOIOUHMX CHCTEM Ta ITiABULICHHS POLYyKTHBHOCTI
OCYIIyBaHHX 3eMeJb B YMOBaX 3MiH KITiIMaTy.

IcTopuuna noBigka. BipoBamkeHHs mIpokoMa-
citabHOT TporpamMu Memiopanii 3eMenb Ha MOoYaTKy
MUHYJIOTO CTOPIYUs 3yMOBHJIO HEOOX1THICTh PO3pOOKH
HayKOBO OOIPYHTOBAaHMX 3aXO/iB €(EKTHBHOIO OCY-
LIEHHS 1 BUCOKOIPOYKTUBHOTO BUKOPHCTAHHS BBEJIE-
HUX B CUIbCBKOTOCHOAApPChKE BUPOOHHMLTBO OONIT Ta
3a00JI0YCHHX 3eMeJIb, HAYKOBHX JOCHIIIKECHb BIUIUBY
OCYLIyBaTEHHX CHCTEM Ha BUPOLIYBaHHS CLITBCHKOTOC-
MoAapChKUX KynbTyp B 30HI JliBoOepexnoro Jlico-
cremry. Tomy 3a pimennsam Hapkxomzemy YPCP 6ymno
ctBopeHo CyJbChbKe JOCIIIHE TI0JIe TI0 OCBOEHHIO 00-
TT (Ha OCYyIIyBaJbHO-3BOJIOXKYBaNbHIN cuctemi «Po-
MeH» Ha 0a3i Pynusa-PamoBenscbkoi 0010THOT K0CHia-
HOI cTaHIii).

Hocainue mose, sike 3acHoBaHe y 1932 p., Oymo
OJIHUM 13 HaMCTapIIINX JOCTITHUX YCTaHOB 30HU Jlico-
crery Ykpainu. J{o ckiagy 1ocmigHOro moJist BXOAMIO
JIBa HAYKOBHX BIJILK (arpoMertiopariii Ta OCyIeHHs),
Ha HOoro TepuTopii 0yJI0 BCTAHOBJICHO METEOPOJIOTIUHY
CTaHIIO Ta OPTraHi30BaHO arpoOTEXHIYHY J1a00paTOPilo.

[lepmMu HayKOBHMH CIIBPOOITHUKAMHU OyiH
C.AIlansamako, H.K.CeprieBcokmii, A.Il.Jlomenko,
C.C.I'magyn, M.K KoBamesn4, B.C. Makcumerko, L.1.
laiinap, I'.H. KoBanenko, M.®. Benuuko Ta iH.

JlocuipKeHHs arpOTeXHIYHUX IPUHOMIB BUPOIILY-
BaHHS 3PHOBHX 1 KOPMOBHUX KYJBTYp Ha OCYIIyBaHHX
3eMIISIX MPOBOJMIIMCS HAYKOBLSIMH JOCIIHOTO IOJIS
MiJi KEPIBHUIITBOM YICH-KOPECIOHICHTa AKaaeMii
HayK, IOKTopa ciibcbkorocnoaapcbkux Hayk M.O.Tro-
neHeBa [5]. 3rooM HayKOBi TOCHIIPKEHHS 3 PI3HUX ITH-
TaHb HAYKOBOTO 3a0e3MeUeHHs] BAKOPUCTAHHS OCYIITY-
BaHMX 3eMmenb JliBoOepekHoro JlicocTeny mpoBOIMIN
Buerni IBIIiIM HAAH O.B.Ckpumank, M.M.Mocrto-
Buii, B.P.I'imGapxeBcekmii, M.B. Sk Ta in. [5,6].

Mertoauka gocaimkenb. CHCTEMHUN aHaii3 Ta
y3araJbHEeHHS 0araTOpiYHMX JaHUX TOJBOBHX IOCHI-
JokeHb 3a nepion 1935-2020 pp. € OCHOBHUMH METO-
JTaMH JIJIs1 HarMcaHHs cTatTi. JlocmimpKkeHHs 1 criocTepe-
JKEHHsI TIPOBOJIMIIM 3arajbHONPUUHATUMH B Melliopa-
TUBHOMY 3€MJIEPOOCTBI METOJAaMHM B CTalliOHapPHUX
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MOJBOBHX JOCII/IaX Ha OCYIYBaHHX 3€MJISIX B JIICOCTE-
noBii yactuHi JIiBoOGepexoks, sIKi € YaCTHHOI OCYIIY-
BaJIbHO-3BOJIOXKYBAJIBHOI ccTeMU «PomMen».

OO0’eKT 3HaXOAUTHCS Ha OCyIIeHOMY OOJOTI 3a-
wiaBu p. POMeH, MOXOMKEHHS 1 THIT XapaKTepHi A
ymoB JlicoctenoBoi 30Hu Ykpaiau. JlocminHi TUTIHKHA
PO3MIIIIEHI Ha TaKUX 3eMJIIX: MiHepanbHi IpyHTH |l
HaJ3aIUIaBHOI Tepacu 3 Pi3KO BUPAXXEHUMH MiKpOIIO-
HIDKEHHSAMH Ta TIHOOKi, cepenHi 1 MinKoTOop¢OBOBi
top¢’stHuKw. TepurTopis MOCHIAHUX AIISTHOK 3aiiMae
MIPHUPYCIIOBY 3aIUIaBy B KOPUTONOIOHIH moymHi p. Po-
MEH.

IpyHTOYTBOPIOBAIIBHI IIOPO/IH JOIUHE P. POMeH —
1e aJTIOBiaIbHI JIECOBUIHI KapOOHATHI CYTIIMHKH, SIKi €
MPOJyKTaMH PO3MHBAHHS Ta BiAKJIaJaHHs Jiecy. MaTte-
PUHCBKMMH IPYHTOYTBOPIOBIEHHMH MOPOAAMH Hal-
MIpHO 1Tepe3BOJIOKEHUX I'PYHTIB € JIECOBUIHI CYITICKH 1
CYTJIMHKH, IEPEBAXXHO JIETKOTO Ta CEPEIHBOr0 MeXaHi-
YHOTO CKJIaJy, a TaKoX (IIFOBIOTIAIIaNBHI ICKA 3
TIPOIIIAPKaMHU CYIIiCKiB i CYyTJIMHKIB[7].

B ocHOBHOMY MacHB 3aIlIaBH CKJIAAa0Th TOPHOBi
6araro3ounpHi IpyHTH (3016HICTS 20-50 %). Haitbinpm
nomupeHi Tyt raubokoTopdosi (Topdosuii map 1,5 m
Ta Oiibie) Ta cepeqHboTopdoBi (Topdouii map 1,0—
1,5 M) rpyHTH. MiIKOTOP]OBI I'PYHTH 3yCTpiUaroThCs
cepell HUX OCTPIBIISIMU.

Otopdosani rpyHTH (3051BHICTE 50—85 %) 3aiima-
I0Th IPUPYCIIOBY CMYTY JIiBOro Oepera Ta nepudepinHi
IUITHKH 0ooTa. B MicIisax mepexomy Bim 3alliaBH 10
TepacH 3aJAraloTh ICPHOBI HAHOCHI IPYHTH.

Topdosi Ta oropdoBaHi IpyHTH cHOPMYBATHCS
Ha HU3MHHOMY TpPaB'STHUCTOMY aiKajiTpodrHOMy 60-
7oTi. 3a00709yBaHHS 3aIUIaBU i YTBOPEHHS IUX TPYH-
TiB 3yMOBJICHE HAIMipHUM 3BOJIO)KCHHSM, SIKE TIOB'S-
3aHE 3 MaJHMM CTOKOM IOBEHEBHX Ta JEIIOBiallbHUX
BOJI, 1[0 HAJXO/ATh HA 3aIUIaBy 3 KOPIHHOTO Oepera, i
ONMM3BKUM 3QITaHHSM IPYHTOBHX BOJI BiJl TIOBEpPXHi.

OCHOBHUMH POCIMHAMH-TOP(OYTBOPIOBAYAMH €
0COKa, ouepeT, 000IBHUK, XBOIII, BOJISIHA JILTist, 0OJOTHI
3JIaKH, 3€JICH] TITHOBI MOXH Ta BijJbXa.

Boraniunmii cknan Topdy B OCHOBHOMY pi3HOTpa-
BHO-OCOKOBO-TIMHOBHH. [ TMOnHa 3aisranns Topdy Ha
JmocHimHiA minsHOi ctaHoBUTHh 1,2 — 1,0 M. Topdosi
TPYHTH AOCIITHOI TUISHKH, SIK 1 B IIEPEBaXKHIH OLIBIIIO-
cTi Bci Top(hoBO-00NOTHI TPYHTH, Oarati a30ToM, Kap-
OoHatamu, 3a1i30M, OKHCIaMu. BepxHili ropu3oHT (110-
TyxHicTh 0,25 M) Aemo 30aradeHuid Kamiem, npore B
HIDKYMX TOPU30HTAX Kajiro 1 hochopy myke mMajo.

B pesynbraTi noBeHel HaiiOunbIl MiHepanizoBa-
HUMH CTalu TOp(HOBi I'PYHTH MPHUPYCIOBOI YaCTHHU 1
nepudepiiiHi AISTHKY 3a1u1aBy. 3a pe3ysibTaTaMy arpo-
XIMIYHUX JIOCIiKEHh Ha METIOpATHBHINA cucTeMi ,,Po-
MeH” Y CKHJIHHX BOAAX MICTHTBCS CEpeHbOMY: HITpa-
tiB 0,9-3,7; amiaky 3,7-6,4; docdopy 0,3-0,4; xaiiro
2,0-2,7; rinpokap6onaris 113-391 mr/n[7].

Huis TophoBux rpyHTIB CyIBCHKOTO TOCIITHOTO
moJist (K 1 a7t Beix 3amiaBHEX 3emens Jlicocrenmy Yk-
paiHm) XxapakTepHa BUCOKA IMUIBHICTh CKIAIEHHS IPY-
HTY (B opiBH:HHI 3 rpyHTamu Ilomices Ykpainu Ta iH-
[IMX TPYHTOBO-KIIMAaTHYHUX 30H), OCKIJIBKH BOHU TIPH
HIOPIYHKX PO3JIMBAX 3aMYJIFOIOTHCS 3HAYHOKO KiJIbKi-
CTIO MiHEPaJIbHHUX 4acTOK[5].

Tomy B yMOBax NOTipIIEHHS TPUPOJHOTO BOJIOTO-
3a0e3neueHHs] BHACIIIOK 3pocTaHHs Ae(iluTy piuHOTO
BOJIHOT'O OajiaHCy uepe3 301IbLIeHHs] CyMapHOTO BUIIa-
poOByBaHHs Ha ()OHI NMPAKTUYHO HE3MIHHOI KiNBKOCTI
OIaJiB PETYJIOBaHHS BOJHOTO PEXUMY Ha OCYIIyBa-
HHMX 3€EMJISIX CTa€ He TUIBKH 00OB’SI3KOBOIO, ajie 1 BH-
3HAYAJIBHOIO CKJIAL0BOIO IHTEHCUBHUX TEXHOJIOTIA BU-
POILYBaHHS CUTECHKOTOCIIONAPCEKUX KYJIBTYp, Oe3 Ha-
SIBHOCT1 SKMX CTajie Ta e(eKTHUBHE 3eMIepOOCTBO B
perioHax 3 HEeCTIMKUM MPHPOTHIM 3BOJIOKEHHSAM CTa€
MIPaKTHIHO HEMOXKJIMBHM [2].

PesyabraTu pociaizpxkenn. 3a Oinbin sk 85-piu-
HUI Tepioa MPOBEACHHS EKCIEPUMEHTAIBHUX OCITi-
JUKCHb Ha OCYIIYyBaJIbHO-3BOJIOKYBAJIBHIN CHCTEMI
«Pomen» HaykoBusMHU CyJbCHKOTO JIOCHIHOTO TTOJIS
ta IBIIiM HAAH orpumano 3Ha4HYy KUTBKICTH HayKO-
BUX PO3pOOOK 111010 €(hEeKTHBHOTO BUKOPUCTAHHS OCY-
IIyBaHUX 3eMens B yMoBax JliBoOepexnoro Jlico-
CTeIy, BCTAaHOBJICHI HOPMH OCYLICHHS [UIS ALY Cillb-
CHKOTOCIIOIAPCHKHUX KYNBTYp, MimiOpaHi HaHOimbmI
ypokaifHi COpTH KyIBTYp Ta po3poOiieHi ONTHMaibHi
HOPMH BHECEHHS IOOpHWB IpHU X BHUPOIIYyBaHHI, BH-
BYEHI CIIOCOOM OCHOBHOTO OOpOOITKY I'PYHTY 3 Bpaxy-
BaHHSM CTYIIEHS OKYJIbTYPEHOCTI IpyHTIiB. OKpiM Hay-
KOBHX HampaloBaHb LIOJ0 BIOCKOHAJIEHUX TEXHOJIO-
Tl peryiroBaHHS BOJHO-TIOBITPSHOTO PEXUMY HpH
BUPOIYBaHHI PSIy CLIBCHKOTOCIIONAPCHKHUX KYJIBTYP
PO3pO0JIEHO TaKOX HOBI KOHCTPYKIIi MeTiOpaTHBHUX
CUCTEM, SKi TIPOMNIIIN TepEeBIPKY Y BUPOOHHUNX YMO-
Bax [5,6].

3a GaraTopiyHMI IepioJ MPOBEICHHS HAYKOBHX
JIOCTI/IKEHb PO3pPO0JIEHO OCHOBHI arpomelniopaTHBHI
NPUHOMH BHPOILYBaHHS PSIY CLTbCHKOTOCIOAPCHKUX
KyNbTyp (CTPOKH, CIIOCOOH 00pOOITKY IpYHTY Ta yH00-
PpEeHHs1, criocoOu CiBOM, TIOTIEPEHUKHY, Mii0paHi COpTH,
HOPMH BHCIBY) B yMOBaX OCYIITyBaHHX 3eMeJb 30HH Jli-
BoOepexHoro Jlicocremy.

BaxnuBrMM HayKOBUMHM HaNpallOBaHHIMH € PO-
3pO0OKH 3 BUPOILYBaHHS Ha OCYIIyBaHUX 3eMJISIX MaJIO-
MOUIMPEHUX KYJBTYD, SKi € IePCIIEKTUBHUMH JUTS BH-
porryBaHHs B 30H1 JliBoOepexnoro Jlicoctenmy: mM’sitn
nepreBoi (ypokaiHicte 4,2 T/ra); nmkopiro (KopeHi
25,0-55,0 1/ra); koHommmi (comomku 12,0—13,0 1/ra, Ha-
cians 0,4-0,5 1/ra); maxopku (2,9-4,3 T/ra); KOIIHAPU
(xopianmp, kinza) (0,6 1/ra), rapmanu abo catoBOi pyTH
(0,2 T1/ra); amapanty mpsimocrtosidoro (macimus 0,9
T/ra); amMapaHTy pi3HoHaciHeBoro (Hacinus 0,5 T/ra);
MEKCHKaHChKOro Tomary (¢izaunic) (1,8 1/ra); roninam-
Oypy (xopeni 8,9 1/ra); maky odmiiiHoro (Hacinus 0,5
T/ra) Ta iH. Pe3ynbTaTu JOCHTIHKEHb CBiYaTh, IO IIi
KyJIBTYPU MalOTh BUCOKY PEHTA0ENBHICTh Ta MEepCIeK-
TUBHI IS TAaHOTO periony[3].

Ha ocymryBannx 3emisix JliBobepexxnoro Jlico-
CTEITy TAaKOX YCHIIIHO MpOWIIIa BUIIPOOyBaHHS arpo-
TeXHiKa BHPOLIYBaHHS TEXHIYHHX KyJbTYp, 30Kpema
IyKPOBHUX Ta KOPMOBHX OYypsKiB (YposKalHICTB I[yKpO-
BHX KOPEHEIUIONiB cTaHoBUTH 45,0-58,0 1/ra, KopMo-
Bux 82,0-98,0 1/ra), Ta KyKypy/3u Ha cuioc (yposKaii-
nicte 60,0-80,0 1/ra). IIporsirom 60-80-x pp. Muny-
JIOTO CTOJITTS HAa MAOCIITHOMY TIIOJNI TPOBOIMIIHCS
JIOCIII/DKEHHST 3 PO3POOKH KOMIUIEKCY arpoTeXHIYHUX
3ax0/IiB JJIs1 3a0e3MCUCHHS BUCOKUX BPOXKaiB KapTOILII
IIpY TIOBHIM MeXaHi3alil mpoueciB ii BHPOIyBaHHS.
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CepenHst GaraTopiuHa ypoxalHICTh KapTOILIl Ha TOp-
(hOBHX IPYHTaX CTAHOBUTH 39,5 T/Ta Ha MiHEpAILHUX —
25,2 t/ra[3].

st ocynryBaHuX TOP(QOBUX IPYHTIB PErioHy po-
3po0JIeHO Ta peKOMEeHI0BaHO IudepeHiioBaHy cuc-
TeMy 0OpOOITKY TPYHTY, SIKa 3aJICXKHUTH BiJI TOTYKHOCTI
TOp(HOBOTO MIAPY, CTYIEHS BOJIOTOCTi TOpQy, HOTo po3-
KIIaay, 9acy TMpOBEIEHHs Ta Oi0JOTIYHUX OCOOIHUBOC-
Tell BUPOILYBAaHUX KyJbTyp. BcTaHOBIEHO, L0 TiM-
0oKka opaHKa MiABHIIYE YPOKAWHICTh CIITLCHKOT'OCIO-
Japcbkux KynbTyp (mo 30%) B mopiBHAHHI 3
MTOBEPXHEBUM CITIOCOOOM 00pOOiITKOM IpyHTY [5].

Jnst pisHUX THIIB OCylryBaHuX IpyHTIB JliBoOe-
pexHoro Jlicocremy po3pobeHi 1 BIIpoBaKeHi y roc-
MOJIapCTBaX TEXHOJIOTii CTBOPEHHS! BUCOKOIIPOAYKTHB-
HHUX CIHOKOCIB, SIKi 0a3yl0ThCsl Ha ONTHMAILHOMY BH-
6opi BHCOKOIIPOAYKTUBHUX TpaBocyMirreit
OaraTopiyHHX TpaB, BH3HAUCHHI CIIOCOOIB, CTPOKIB i
HOpM ciBOUM rygHuX TpaB. L{i TexHOMOTIi cCipmsinm oje-
PKaHHIO BHCOKHX ypOKaiB OaraTopidyHHX TpaB y pi3-
HUX TpaBocyMimikax (cina — 11,0-17,0 1/ra, 3enenoi
macu — 50,0-70,0 T/ra), 1110 103BOJIUIIO OTPHUMYBATH T'0-
CIIOJJAPCTBAM BHMCOKOSIKICHI KOPMH: CIHO, CiHaX, CH-
JI0C, TpaB’IHY MYKY, 3€JIeHy Macy [5].

Po3po6iieHo Ta mpoBeieHO BUIIPOOYBaHHS TEXHO-
JIOTili BUKOPUCTaHHS MiHEpAIbHUX 1 OpraHiyHUX 100-
PUB Ta NPOBEJIEHHS IEPEANOCiBHOIO 0OpOOITKY Ha-
CIHHS BUPOLIYBaHUX KYyJbTyp Oiompemaparamu, IIif
BIUIMBOM SIKHX BiZOYBa€ThCS IiJBUIEHHS aKTHBHOCTI
azotdikcarii. [{e criprsie mokpameHHIO TOXHUBHOTO pe-
UMY IPYHTY 3aBISKH (JOPMYBaHHIO PO3BUHEHOT KOpe-
HEBOI CHCTEMH POCIIHMH Ta Ja€ MOXIIHMBICTH Oep)KaTh
npubdaBKy Bpoxkato Bi 9 % 1o 22 %, B 3a1eXHOCTI Bif
KyJIbTypH. BcTaHOBIEHO, IO MiABUIEHHS POAIOYOCTI
OCYIIIyBaHHMX I'PYHTIB MOKJIMBE TIPH BKJIIOYEHHI JI0 Ci-
BO3MiHH OaratopiuHux 0000BHX TpaB. lle 3abe3meuye
B OpPHOMY IIapi IpyHTY Oe3nediunTHuMil OanaHc rymycy
(BanoBwmii BMicT a3oty cranoButh 110-170 kr/ra, doc-
tdopy — 46-73 kr/ra Ta kamnito — 37—61 kr/ra). B xom-
TUIEKCi 31 3BUYalfHOIO OpaHKOI Ha TiuOuHy 10 22,0—
23,5 cM opraHo-MiHepaJbHa cHUCTEMa YyJIOOpEHHS
CHpHsIE€ MiIBUIICHHIO MPOAYKTHBHOCTI 3€pHO-KOPMO-
Bo1 ciBo3minm Ha 40 % [8,9]. JltoepHOBi ciBO3MiHU Ha
OCYIIyBaHHUX IPYHTaX AAIOTh 3MOT'Y HE TiJIbKU OTPUMY-
BaTH BHCOKOSIKICHI KOPMH JUIs TBapWHHHIITBA, aie i
CHPHSIIOTH MIZBUIICHHIO POJIOYOCTI IPYHTY Ta BpO-
’KaWHOCTI HIIMX KYJBTYp B CIBO3MiHI MPH MiHIMaib-
HUX J103ax (ochopHo-KamiiHuX 100pus [9,10].

Ha ocHOBI ONBOBHX JOCHIKEHb BU3HAYEHO OI1-
TUMaJbHE CIIBBIJIHOIICHHS BHECEHHS CaIlpoOIIeIIo,
MyJIy, THOIO 1 MiHEpaJIBHUX JOOPHB Ta JaHa CKOHOMi-
YHA Ta arpoeKoJIOTiYHa OIliHKa e()eKTHUBHOCTI iX 3aCTO-
CYBaHHS IPH BUPOIIYBaHHI Pi3HUX CIIIbCHKOTOCIIONAP-
CBKUX KyJIBTYp Ha OCYLIYyBAHUX 3eMIIIX [5].

Jnst mpoBeneHHs KOMIUIEKCY HAyKOBHX JOCIHi-
JUKEHB 3 PO3POOKHM BJIOCKOHAIEHUX TEXHOJIOTIH pery-
JFOBaHHS BOXHO-TIOBITPSIHOTO PEXHUMY IIPU BHPOLILY-
BaHHI CUIBCBKOIOCIIOJAPCHKUX KYIbTYP Ta KOHCTPYK-
i MemiOpaTHMBHUX CHCTEM Ha OCYIIyBaJbHO-
3BOJIOXKYBaJIbHIN cucteMi «PoMen» BiamroBaHo Bapi-
aHTH JOCHITHUX JUUITHOK, Ha SKHUX MepeadadeHo ocy-
HIyBaJibHI 3aXOIM 3 BUKOPHCTaHHSIM MarepialbHOIo

JPEHaXy 31 3pOILEHHSM; OCYIYBaIbHI 3aX0/H 3 BUKO-
pHUCTaHHSM O€3YKJIOHHOTO APEHaXy 3 MiAIPYHTOBHM
3BOJIOKEHHSIM 3@ JIOTIOMOTOIO IIUTIO31B-PEryJisiTOpiB;
OCYyIIyBaJIbHI 3aX0AH 3 BUKOPUCTAHHIM TPaJAULIIIHHOTO
TOHYapHOT'O JIPEHaXYy; OCYIIyBAJIbHI 3aX0/I1 3 BUKOPH-
CTaHHIM TOHYAPHOTO JIPEHaXKyY 3 MiAIPYHTOBHUM 3BOJIO-
JKEHHSIM; OCYIIyBaJIbHi 3aX0H 3 BUKOPUCTAHHAM T'OH-
YapHOTO JIPEHaXy 3 aBTOMATH30BAHOIO CHCTEMOIO I10-
Jadi BOAM B THPIO JAPEHH TMPH IHKIIYHOMY
perymoBanHi. Ha Tepuropii ocymryBaibHO-3BOIOXKY-
BaJbHOI cucteMu «PomeH» moOyJoBaHO aKyMYIIOIOUY
€MKICTh, HAIIOBHEHHS SKOI 3MIHCHIOETHCS IUIIXOM
300py APEHAKHO-CKUIHUX BOJ Ta CAMOIUIMBOM 3 Mari-
cTpaibHOro kaxHany (p. Pomen). Ilogaua Bonu Ha 3BO-
JIOKEHHSI 3 EMKOCTI Ha JOCTITHI JUISTHKH MPOBOANTHCS
CaMOIIJIBOM.

3a mepio MPOBeIEHHSI HAYKOBHUX JOCIIIKEHb PO-
3po0iieHa pecypcos0epiraroda TEXHOJOTIsI BOJOPETY-
JIIOBaHHS, B OCHOBY SIKOI ITOKJIAJICHO OOIPYHTYBaHHS
JIOLUTBHOCTI 3aCTOCYBAHHS HEBEIMKHX HOPM 3pO-
IIeHHS. BrpoBaKeHHs i€l TEXHOIOTIi Ha OCyIIyBa-
Hux 3emiisix JliBobepexHoro JlicocTemy CBiTYuThH Te,
110 MpH 11 3aCTOCYBAaHHI MOKJIMBO 3a0C3IICUUTH 3MCH-
mieHHs Ha 25-33% BUTpAT BOMHHUX 1 EHEPIETUIHUX Pe-
cypciB, 30ubimTH Ha 15-30% yporkalHICTh CLITBCHKO-
TOCTIO/IAPCHKUX KYJIBTYP Ta 30UIBLIMTH pPEHTa0eNb-
HicTh rocmogapcTs 1o 40 % [11].

BaxnueuM 31100yTKOM y HarpsMKy po3poOKH HO-
BUX KOHCTPYKIIi} METIOPaTUBHUX CHCTEM € CTBOPEHHS
CYMIIIEHUX BOJIOPETYIIOIOYHX CHCTEM 3 OE3MOXHINMHU
Ta MAJIOTIOXWJIMMH IPEHAMH 1 BOJOPETYJIIOI0YNMH BY3-
namu. Taki cuCTeMH Jalli MOKJIMBICTD 301IBIINTH KO-
e(ilieHT 3eMeTFHOT0 BUKOPUCTAHHS, TiABUIIITH TIPO-
IyKTHBHICTh MEXaHI30BaHUX CIThCHKOTOCTIOAAPCHKUX
pobiT, 3a0e3neuniii ONepaTHBHICTh YHPABIIHHS BO-
HUM PEKHMOM, 110 AJI0 MOXJIMBICTh ITiJBUIIUTH Ha 10
25 % BpOXKaHHICTh CLILCHKOTOCIIONAPCHKUX KYIBTYP
[5].

Po3pobiieni, ekcrepiMeHTalIbHO TIepeBipeHi Ta
noOyZ0BaHi B PsAl TOCIIONAPCTB KOHCTPYKIIT ISl Me-
Jioparttii 3emenb 3 0€3CTIYHUMH MOHMXEHHIMHU (JIOKa-
JIbHI KOHTYPHO-BO/IOAKYMYJIIOIOYi CHCTEMH), SIKi yCIIi-
ITHO TIPAIIOIOTh BXKE MOHAJ 25 poKiB. 3acTOCYyBaHHS
KOHTYPHO-BOJIOAKyMYJTIOIOUMX CHCTEM JIO3BOJIMIO 3a-
MIHUTH APEHAKHO-KOJIEKTOPHY MEPEXKY, IPEHAXKHI KO-
JOAs31 1 BIIKPUTI KaHaJIM KOHTYPHUMHM BOJOIIOTIINHA-
FOYUMH KOHCTPYKI[ISIMH 13 3aCTOCYBaHHSM MIiCIICBHX
¢buTbTpaliiHUX MaTepialiB, M0 JO3BOJIHIO OTPUMATH
€KOHOMII0 BapTocTi ix OyaiBHUITBA 710 60 % (B 3aMeXK-
HOCTI BiJ| penbedy Ta I'PyHTOBO-T€OJIOTIYHHX YMOB).
Taki cucTeMu 103BOJISIOTH 3a0€3MEYUTH ONTUMAITLHUN
BOJIHO-TIOBITPSIHUM PEXXHUM B aKTHBHOMY IApi IPYHTY
Ha TepUTOpii 13 OE3CTIYHMMHU HOHIKEHHSIMH, IO J10-
3BOJISIE OTPUMYBATH CTaOLIBbHI BpOXKai BHPOIYBaHHX
KyJnbTyp. ['0JIOBHOIO TepeBarolo JIOKaJbHUX KOHTY-
PHO-BOJOAKYMYJTIOIOUHX CHCTEM € MOYKIIUBICTH 300Dy i
TIEPEPO3IIOILTy MICIIEBOTO CTOKY B BOJOAKYMYIFOIOUHX
TpPaHILESX Ta TOBTOPHOTO HOro BUKOPUCTAHHS AJISI 3BO-
JIO’KEHHA B OCYIUTHBI Tiepiomu [12].

3 METOI0 MiABHUIIEHHS BO103a0€3[1EUCHOCTI TEPH-
Topiit MeniopatiBHux cucteM B IBITiM HAAH pospo-
0JIeHa TEXHOJIOTis HAKOTIMYCHHS 00’ €MIB BOJIU Ta JIpe-
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Ha)KHOTO CTOKY B aKyMYJIIOIOUil €EMKOCTI, sIKa arpo0o-
BaHa Ha OCYIIYyBaJIbHO-3BOJIOKYBaJIbHII cucTeMi «Po-
MeH». ArmnpoOaris po3poOJICHHX TEXHOJOTIYHHUX pi-
IIeHb LIOAO MiJBHIIEHHS BO/03a0€3IIEYEeHOCT] MOKa-
3aja, 110 B YMOBaX CEpEeJHBOro 3a KUIBKICTIO OmajiB
BETETAIlIITHOTO TIepioay MpH BUPOIITYBaHHI OaraTtopid-
HUX TpaB MEPIIOTO Ta IPYTOr0 YKOCIB MOTEHIIHHUI
00’eM aKyMyJTIOBaHHS IPEHAKHOTO CTOKY 3 Turomi 14,9
ra € IOCTaTHIM JUIA 3BOJOXKEHHS TEPUTOPIi MIJIOTHUX
JiNSHOK 1 CTaHOBUTH 46,3 THc. M%, py HEOMY (haKTHY-
HHMM 00’€M BOIM, IOJAaHWII Ha 3BOJIOKEHHS, CKJIaJac
21,45 tuc. m® [13 ].

OTxe, B yMOBax 3MiH KJIIMaTy, 3pOCTal040ro Je-
¢binuTy BoJHUX pecypciB 3a0e3nedeHHs e(heKTHBHOTO
YIPaBJIiHHSA BOAHUM PEKMMOM OCYLIYBaHHX IDYHTIB
MOXJIMBE [UISIXOM MiJBHINEHHS BOJ03a0e3MeYeHOCT]
MEJIOPaTUBHUX CHUCTEM, IO JOCATHYTO 3aBJSKH CTBO-
PEHHIO pe3epBHUX 00’€MIB BOJIM B aKyMYIIOIOUil €M-

KOCTI 32 paxXyHOK HaKOIIMYEHHsI IOBEPXHEBOTO Ta Ape-
Ha)XHOTO CTOKY. [linBuIeHHs BpokailHOCTI OaraTopi-
YHUX TPaB Ha 3eJIeHy Macy B yMOBax IiJIPYHTOBOTO
3BOJIOXKEHHSI I10/Ia4€l0 BOAM B JAPEHAXHY CHCTEMY 3
aKyMYJII0I040i EMKOCTI cTaHOBUTB oHay 30 % [14].
Ha manuit gac, BpaxoByIOYH JOCBiJ MPOBEICHUX
JIOCTIKEHb Y TIOTIEPeIHI POKH, Ha OCYIIyBaJbHO-3BO-
JOXyBalIbHIN cuctemi «PomMen» mpoBOsATHCS perioHa-
JBHI eKCTIEPIMEHTANIBHI JOCIIIKEHHS 3 BUPOITYBAaHHS
MAJIOTIOIINPEHNX, OJJHAK BUCOKOIIPOAYKTUBHHX Ta TEp-
CIIEKTUBHHUX KOPMOBHX KyJbTyp (a3, aMapanry Ta
KopMoBHX 600iB) B ymoBax JliBoGepesxnoro Jlicocreny.
BusHaueHO onTHMalbHI METOpaTHBHI PEKUMH Ta TEXHO-
JIOTIYHI TapaMeTPH BOJIOPETYITIOBaHHS (HOPMH PIBHS IPY-
HTOBHX BOJ (Tabmuiisg 1) Ta BOJOrocTi B KOPEHEBOMY
mapi IpyHTy) BIPOJIOBX IEpioy BereTauii npu BUPO-
IIyBaHHI BUCOKONPOAYKTHBHIX KOPMOBHX KYJIbTYp Ha
OCYIIIyBaHHX I'PyHTaX.
Tabmums 1.

PexomennoBanunii PI'B nipu BUpoIIyBaHHI mali3n, aMapaHTy Ta KOPMOBUX 000iB Ha OCYITYBaHUX 3EMIIIX

PiBeHB TPYHTOBHX BOI, M
da3a Bere- (Y 4ACENbHUKY — ONTUMAILHUH; Y 3HAMEHHMKY - HAHMEHIIMH DOy CTHMUIA )
Tauii MIepeANOCiBHIN CXOIHU-KY- BUXIZ Y BUKU/IaHHA - JIOCTHTaHHS
. . LBITIHHSA .
nepion HICHHS TpyOKy BOJIOTI HaCIHHS
Iaiiza
Topdosi 050-055 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
MinepanbHi 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
Amapant
da3za Bere- MePeIOCI BHUIA Cxoau-nossa . .. JIOCTUT'aHHS Ha-
TaHﬁ HepiOZ[ CITPaBXXHbOI'O BHUKHAAHHS BOJIOT1 LIBITIHHA CiHHS{
JIMCTKA
Topdosi 060-065 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
Kopmogi 606u
®aza Bere- | mepeAnociBHUN exoan-mosna L . YTBOPEHHS | JTOCTHTaHHS
Tamif Hepion CHpaBXHBOTO | OyTOHI3amis | UBITIHHA 60618 HACIHHS
JIMCTKA
Topdosi 055-0 65 0,55-0,65 0,60-0,65 0,65-0,80 0,75-0,90 0,90-1,0
TPYHTH ' ’ 0,70-0,75 0,70-0,75 0,80-0,90 0,90-1,0 1,1-1,2
MinepanbHi 055-0 65 0,60-0,70 0,60-0,70 0,65-0,75 0,80-0,90 10-11
TPYHTH ' ’ 0,70-0,75 0,70-0,75 0,80-0,90 0,90-1,0 1,1-1,2

OnTuManbHI MENiOPaTHBHI PEKUMH Ta TEXHOIIO-
TiYHI MapamMeTpy BOJOPETYIIOBaHHS BPaxOBYIOTh 0CO-
OIMBOCTI BOJOCIIOKMBAHHS KOPMOBHX KYJBTYp, IXHI
610J10TIUHI Ta TOCMIOAAPCHKI XapaKTEPUCTUKH, a TAKOK
0COOJIMBOCTI X BHPOIILYBaHHS B 3aJI€KHOCTI BiJ| THITY
rpynry [15].

3a pes3yibpTaTaMH CEKCHCPUMEHTANIBHUX JIOCII-
JUKeHb, TIpoBeneHHMMH HaykoBisimu [BITiIM HAAH
(2016-2020 pp.) Ha cuctemi «Pomen» po3pobiieHo Ha-
YKOBO-METOJIOJIOTIHHI 3aca/y YIpaBJIiHHS BOJIHUM pe-
JKMMOM TIPH BUPOLIYBaHHI MEPCHEKTUBHUX KOPMOBHUX
KyJIbTYp Ha OCYIIYBaHMX 3E€MJIIX HAa OCHOBI BH3Ha-
YEHHS: BIUIMBY arpoKIIMaTHYHUX yYMOB Ha BHPOILY-
BaHHSI Nai3H, aMapaHTy Ta KOPMOBUX 000iB; BUMOT Ky-
JIBTYp JIO PETyJIOBaHHS BOAHO-TIOBITPSIHOTO PEXHUMY
IpyHTY (IIOITyCTHMI TEPMIiHH, y SIKi MeJIiOpaTUBHA CHC-
TeMa Ma€ 3a0e3eUNTH BiJIBEICHHS HAJIMIIIKOBUX BOJI;

pexomenznoBani PI'B ta HOpMH BOJOTOCTI B KOpeHe-
BOMY LIapi IPYHTY MPOTITOM BETETAI[IIfHOTO Mepiony);
BUMOT KYJIBTYP 10 PEryJIIOBaHHS IOKUBHOTO PEXKUMY
I'pyHTY (BallHyBaHHsI KHCJIHMX IPYHTIB, BHECEHHS Opra-
HIYHUX Ta MiHEPAIBHUX JOOPUB Ta MiKpOJIOOPHB); OC-
HOBHHUX TEXHOJIOTIYHMX MapaMeTpiB BHPOIILYBaHHS
nai3u, aMmapaHTy Ta KOpMOBHX 000iB, B T.4. 3a (hazamMu
PO3BUTKY 3a3HaYE€HUX KYJIBTYp Ta 3 BpaxXyBaHHSIM KpH-
TUYHUX TepiofiB iX ONTMMaIbHOTO BoJOro3abesme-
YEHHsI, ONTUMAaJIbHI PEKUMH 3BOJI0KEHHS (OCYILICHHS),
arpOTEXHIYHI 3aXOAHW Ta ONTHMAalbHI HOPMH YHOO-
PEHHS TIpH BUPOIIYBaHHI Ha OPTaHOTEHHUX Ta MiHepa-
JBHUX IPYHTAX.

Jns MiHepanbHUX OCYIIyBaHUX I'PYHTIB CeperHs
BoJjioricTh B mmrapi 0—0,3 M Ha moyaTok ciBOM Mae cTa-
HoButH 0,75-0,80 % IIB. JloTprMaHHS ONTUMAaIbHUX
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TEXHOJIOTIYHUX MapaMeTpPiB BOJOPETYIIIOBAHHS Ha I10-
YaTKy BereTaiil Ta Ha Nepioj] CXOIU-NI0SBA CIPaBXK-
HBOT'0 JINCTKA, SIKUH TPUTIaJIa€ Ha KPUTHYHUH Tepiox X
BUPOIIYBaHHS 3a0€311EUNII0 YPOXKAWHICTh IIUX KYJIBTYP
Ha PIBHI CepeiHiX MOKa3HWKIB. BajIMBUM NOKa3HH-

KOM Y MOJIbOBOMY KOPMOBHUPOOHHIITBI € KOPMOBA IIiH-
HICTh TOi YM I1HIIOI KYJBTYPH, Bifl SIKOi BJacHe 3aje-
JKUTh SIK IIBUJAKO BOHA mine y BUPOOHUITBO. [Tokas-
HUKHU BUXOJy KOPMOBHX OJHMHHUIIH IO TOCIIIKYBaHUX
BHJIaX MAJIOTIOIIMPCHUX KOPMOBHX KYJIBTYp HaBEICHO
B Ta0imI 2.

Tabmums 2.

Ilokazuuku BUXOAY KOPMOBHUX OJUHHUIB BUCOKOIMIPOAYKTUBHUX KOPMOBUX KYJIBTYpP, OCYLIYBaJIbHO-3BOJIOKYBA-

npHa cucteMa «Pomeny, 2017-2020 pp.

Kyserypa V106peHss Buxinx KopMOBHX OJMHUIG, 1/Ta
2017 2018 2019 2020 Cepenne

KopmoBi 606u be3 nobpus 28,1 54,3 57,1 49,3 47,2
N30P30K30 35,2 63,5 65,4 56,8 55,2
Awapant be3 nobpus 32,0 43,4 35,7 457 39,2
N30P30K30 36,7 49,9 41,2 57,5 46,3
Haiisa be3 nobpus 59,0 74,4 59,8 65,8 64,7
N30P30K30 68,1 85,3 72,4 77,5 75,8

Sk mokazanu Halll poO3paxyHKH, NPH BHPOIILY-
BaHHI KOPMOBHUX KYJBTYpP BHX1Jl KODMOBUX OJMHUIIb 3
1 ra, HanpsIMy 3aJIEKUTH Bifl yIOOPEHHS: 3€JICHOT MacH
KopMOBHX 000iB cTaHOBUB 47,2-55,2 11/ra, amapaHTy —
39,2-46,3 1/ra Ta maii3u — 64,7-75,8 1/ra. HaitBummumu
MOKa3HUKaM{ BUXOIY KOPMOBHX OJMHHMIIb JTOCHIIKY-
BaHUX KYIBTYp € Taif3a, Xo4a KOpPMOBI 000H mOmpu
HaHIKYY YpOKallHiCTh BEreTaTHBHOT MaCH MaroTh Ce-
peIHi HOKa3HUKH BUXOAY KOPMOBHX OJHHHILb, IO IO~
SICHIOETBCA IXHBOIO BICOKOIO KOPMOBOIO IIHHICTIO.

ExcriepuMeHTaIbHUMH  JTOCHI/DKEHHAMH  JOBe-
JIEHO, III0 TaKi KOPMOBI KyJIBTYPH SIK ITaif3a, aMapaHT Ta
KOpMOBi 000W MalOTh 3HAYHHUH aIalITUBHHUMN 1 IPOJYK-
TUBHMH NOTEHIiaJl IPY BUPOLIYBaHHI B €KCTPEMajb-
HHX arpoKJIiMaTHYHUX YMOBaX, psii 010J0TTYHUX TIepe-
Bar Ta 0coOJIMBOCTEH, SIKI BKa3yIOTh Ha JOLUIBHICTD iX
BUPOIIYBaHHS B CKJIaJHUX IPYHTOBO-KJIIMAaTHUYHHX
YMOBax OCYIIyBaHHUX 3€Mellb.

BpaxoByroun cy4acHi TeHzaeHIii ocoOimBOCTEH
3MiH KJIIMaTy, 3pOCTalodoro nedinuTy BOJHHUX Pecyp-
CiB, BUHHKA€ HEOOXiTHICTh Y KOperyBaHHI BOIOPETy-
JIOBAaHHS Ha MENIOpOBaHHUX TepuTopisx JliBoOepexk-
Horo JlicocTemny, MpoBeIeHHS aAaNTaIlIfHUX 3aX0iB Y
HanpsIMKy ONTHMI3alil KOHCTPYKTUBHO-TEXHOJIOTIY-
HHUX XapaKTEPUCTUK METIOPATUBHHUX CUCTEM T'yMiJHOT
30HU IS MABUIICHHS BO103a0€3IEUECHOCTI X TEPHUTO-
piif UIIXOM BiJJHOBJICHHS €(DEKTHBHOTO BUKOPUCTAHHS
OCYyIIyBaHUX 3eMenb [14].

BucnoBkn. CydacHHMH acHeKTaMH BHKOPHC-
TaHHS ocyuryBaHuX IpyHTIB JliBoOGepexnoro Jlico-
cTeny YKpaiHu B yMOBax 3MiH KJIiMaTy € 3a0e31eUeHHs
e(eKTUBHOTO (YHKIIOHYBaHHS BOJOPETYIIOIOUNX CH-
CTeM Ha OCHOBi OTPUMAaHUX 3a OIJIbII SIK §5-pidHuii 1me-
pion mpoBeneHHS HAYKOBUX JOCIHIHKEHD (Ha MPUKIIaIi
OCYIIIyBaJIbHO-3BOJIOKYBAIBHOI  cUCTeMi  «PoMen»)
3HAYHOI KIJIbKICTh HAYKOBUX PO3POOOK MO0 TEXHOJIO-
Tiil BUPOITYBaHHS CIILCHKOTOCIIOAPCHKUX KYIBTYp (B
T. 4. 1 pecypco30epiraoya TEXHOJIOTIsI BOJIOPETYIIO-
BaHHsI, B OCHOBY SIKO1 IOKJI3/IEHO 3aCTOCYBaHHS HEBe-
JIMKHX HOPM 3pOLICHHS), PO3p00JIeH] ONTUMaNbHI HO-
pMH BHECEHHS TOOPUB IPH IX BUPOILYyBaHHI, BUBUCHI
CII0COOM OCHOBHOT'O 0OpOOITKY IPYHTY 3 BpaxyBaHHSIM
CTYIEHS OKYJBTYPEHOCTI I'PYHTIB, po3poOIeHO HOBI

KOHCTPYKIIii METiOpaTHBHUX CHCTEM (CyMIIleHi BOJIO-
PETYJIIO0Yl CUCTEMHU 3 OC3MOXHIMMH Ta MaJOMOXH-
JIMMU JIpEHaMH Ta BOJIOPETYJIIOIOYMMH BY3JIaMH; JIOKa-
JIbHI KOHTYPHO-BOI0aKyMYJIIOIOYi CUCTEMH), SIKi ITPOHi-
UK TIEPEBIPKY Y BAPOOHWYHX yMOBAX.

He BukiMKae cyMHIBY, 110 Ha Cy4yacHOMY eTalli,
NoJaNbIle BUKOPUCTAHHS OCYIICHHX 3eMenb JliBoOe-
pexHoro JlicocTeny MOBUHHE 0a3yBaTHCS Ha Bpaxy-
BaHHI Cy4aCHUX IPHPOIHHUX PECypCiB, IO TO3BOJIUTH
HIIBULIMTH BPOXAHHICTH KYJIBTYp Ta CTBOPHUTH Ha-
niftHy KopMOBY 0a3y. BpaxoByroun icHyrounii HOCBizg
HAYKOBHX PO3pPOOOK, Ui 3a0e3MeueHHsT 30epeKeHHS
MOTEHIIHOT POAIOYOCTI OCYIIyBaHUX 3eMeiib JIiBoOe-
pexxnoro Jlicocteny Ta BiZHOBICHHS e()eKTUBHOCTI BU-
KOPHUCTaHHS IIMX 3€Mellb, PO3p00JIEHO HayKOBO-METO-
JIOJIOTIYHI OCHOBHM YNPABIIiHHS BOJHHM PEXHMOM IpU
BUPOIYBaHHI BUCOKOMPOIYKTUBHUX KOPMOBHUX KYJIb-
Typ (maii3u, aMmapaHTy, KOpMOBHX 000iB), sIKi BpaxoBY-
I0Th TPYHTOBO-KJIIMAaTHYHI YMOBH 30HH Ta 3pOCTaHHS]
JedinuTy BOAHUX pECypCiB.

JlitrepaTypa

1. Crpareris 3poiieHHsT Ta ApeHaXy B YKpaiHi
Ha nepion g0 2030 poky. Cxsaneno Kabinetom
MinictpiB Ykpainu, 2019. Ne 688-p.

2. BmwuB kiniMaTHYHMX 3MiH Ha BOJoro3abesre-
YeHHsI TepuTopii YKpaiHn Ta BUPOOHHUITBO CLIBCHKO-
rocrosapcbkoi npoaykuii / Pomamenko M.I. ta in. //
«Bopa mist Beix»: mpucBsiueHo BeecBiTHROMY JIHIO BO-
IHUX pecypciB: MiKHap. HayK.-TPakT. KOH(EpCHIIis:
te3u gom. Kuis, 2019. C. 179-180.

3. Bopomaii I'.B., Moxema H.b., Mo3oas H.B.
V3araabHeHHS HAyKOBOTO JIOCBITY Ta CydacHi aCTIeKTH
HOTO BUKOPUCTAHHS JUTsI 3a0e3redeHHs e(heKTHBHOTO
(GYHKIIOHYBaHHSI BOJO- PETyJIIOIOYHX CHCTEM B 30HI
JliBoGepexuoro Jlicocremy Ykpaiuu // Memiopartis i
BoaHe rocrmoaapctso. 2020. Nel. C.23-31.

4, Xapuenko O.B. Pecypche 3abe3ncueHHsS Ta
LUISIXY ONITHMI3allii YMOB BHPOIILYBaHHS CLTLCBKOTOC-
noxapchbkux KynsTyp y Jlicocreny Ykpainu. Monorpa-
¢is. — Cymu: BT «YHiBepcureTcbka kuura», 2005.
342 C.



26

Sciences of Europe # 60, (2020)

5. TimbapxkeBcokuii B.P. OcBoenHs Oodir Ta re-
PE3BOJIOKEHHX 3eMeNTb Y TyMiHIM 30H1 Ykpainu// Me-
miopartis i BogHe rocmonapctso. 2004. Bun.90. C.133—
151.

6. Cxpunnauk O.B., Slupk M.B., Yamuii B.1., Bo-
pomrHoBa JI.M., Tumenko O.1. CTBOpeHHS Ta eKCIUTya-
Talliss BOAOPETYIOBAIBHUX CHCTEM y TYMIiTHIH 30Hi.//
Mermiopartist i Bogae rocmogapctso. 2004. Burr.90. C.
124-132.

7. TIleroa O.B., Monema H.b., Typaesa O. B.
3aK0HOMIpPHOCTI TpaHcopMallii MeTioOpOBaHHX 3€-
Mellb JTiIBOOEPEKHOT0 JIiCOCTENy B MpOIeci iX TpuBa-
Joro BUKopucTanHs/ // Memiopatiist i BogHe rocromap-
ctBO. 2014. Bun.101. C.272-280.

8. Harampuyk A.M. 30epexeHHS pOIIOUOCTI
OCYIIIyBaHHMX IPYHTIB y Cy4acHHX ymoBax// Memiopa-
1is 1 BoaHe rocmoaapcto. 2009. Bun.97. C.94-101.

9. TimOapxeBcokuii B.P. EdexTuBHicTh Giome-
Jiopaltlii Ha OCyIIyBaHUX JIYYHUX IpyHTax JliBoOepex-
Horo Jlicocreny Ykpaian/ Kymuana B.B.// Menioparis
i BogHe rocmogapceTio. 2005. Bum. 92. C. 75 — 83.

10. T'imOapskeBchkuii B.P. Bo60oBo-311aKk0Bi Tpa-
BOCYMINIKHM Ha OCYyIIyBaHHX IpyHTax JliBoOepexHOTro
Jlicocteny Ykpainu / SIpom A. B. //Memniopartist i Bo-
nHe rocrogapeTo. 2004, Bun.91. C.112-121.

11. Sluux M.B., Ckpunuuk O.B., BopomrHoa
JI.M., Bopomaii I'.B.,Mo3o01s H.B. Pecypcoomianna te-
XHOJIOTisI BOJIOPETYIIFOBAHHS HAa MEIIIOPOBAHUX 3EMIISX
Y 30H1 HaJUTAIIIKOBOTO 3BOJIOKEHHSL. // Memiopartis i Bo-
nHe rocnogapctso. 2009. Bum. 97. C. 67— 76 .

12. Cxpunauk O.B., Slnuk M.B., BopomHosa
JILM., Monema H.b. Pecypcoomniagaa Memiopartis me-
PE3BOJIOKEHIX 3€MeIb 31 CKIaTHIM penbedom. // BicH.
arpap. Hayku. 2005.NeS. C. 32—35.

13. Sluux M.B., Bopomaii I'.B., Mosema H.b.
[TigBuIeHHS BO/103a0€3MEIEHOCTI MENIIOPAaTUBHUX CH-
CTeM TyMiTHOI 30HH./ Meiopalris 1 BOJHE rocrmoaape-
TB0. 2016. Bun.103. C.63-68.

14. Bopomait I'.B., SAmuxk M.B., Mo3sons H.B.
CraH Ta NepCHEeKTUBU PO3BUTKY OCYIIyBATBHUX MEIi-
opaliif B yMoBax 3MiH kiimaty // Memniopariis i BoxHe
rocrioapeTso. 2019. Ne2. C.31-39.

15. dumx  H.B., Bopomait I'.B., Kika C.M.
OOrpyHTYBaHHS PEXHMIB BOJOPETYJIIOBAHHS MPHU
BUPOIIYBaHHI ~ BHCOKOINPOJIYKTUBHUX  KOPMOBHX
KyJabTyp Ha ocymyBaHux 3emisix / H.B. fAmuxk, T'.B.
Bopomaii, C.M. Kika // Bicuuk arpapaoi mayku. 2019.
Ne 5 C.60-67.



Sciences of Europe # 60, (2020) 27

PHARMACEUTICAL SCIENCES

DOMESTIC PHARMACEUTICAL MARKET RESEARCH OF PHYTOPREPARATIONS WITH
EXPECTORANT PROPERTIES

Shyrko A,

I. Horbachevsky Ternopil National Medical University MoH of Ukraine,

Student of the Pharmaceutical Faculty, Ternopil, Ukraine

Budniak L.,

I. Horbachevsky Ternopil National Medical University MoH of Ukraine,

PhD (Pharmacy), Assistant of the Department of Pharmacy Management, Economics and Technology, Ter-
nopil, Ukraine

Vasenda M.,

I. Horbachevsky Ternopil National Medical University MoH of Ukraine,

PhD (Pharmacy), Associate Professor of the Department of Pharmacy Management, Economics and Tech-
nology, Ternopil, Ukraine

Pokotylo O.,

I. Horbachevsky Ternopil National Medical University MoH of Ukraine,

PhD (Pharmacy), Associate Professor of the Department of Pharmacy Management, Economics and Tech-
nology, Ternopil, Ukraine

Sinichenko A.

SHEI «Ivano-Frankivsk National Medical Universityy, PhD (Pharmacy), Department of Organization and
Economics and Drug Technology,

Ivano-Frankivsk, Ukraine

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 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 "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

Name of manufacturer

Number of trade names
of phytopreparations

Corellation between amount
of phytopreparations, %

PJSC Pharmaceutical Factory "Viola"

14

23

PJSC "Liktravy"

12

20

LLC "Ternopharm"

10

17

JSC "Galichpharm"

ol

~

Sanofi-Aventis Ukraine LLC

LLC "Pharmaceutical company" Health"

LLC "Research and production pharmaceutical
company" Aim"

PJSC "Phytopharm"

PJSC "Farmak"

LLC Research Plant "GNCLS"

State Enterprise "Experimental Plant of Medical
Preparations IBONH NAS of Ukraine"

LLC "DKP" Pharmaceutical Factory"

PJSC "Vitamins"

PJSC "Pharmaceutical firm" Darnitsa"

PJSC "Chimpharmzavod" Chervona zirka "

PJSC "Research and Production Center"
Borshchahiv Chemical and Pharmaceutical Plant "'

LLC "Ukrainian Pharmaceutical Company"

N R R NI RS LN

N N NN N INWW| W |wo

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 (111) ammonium Black-green color et

sulfate

1% gelatin solution Amorphous precipitate, Whlc_h disappears et
with excess gelatin

0, ini i -

tli(f;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 ++

0 - -
5% a!cohol solution of aluminum vellow color ++
chloride
Notes: "+" — the reaction is positive, the number of signs indicates the intensity; "-" — the reaction is negative.

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.

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-
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
with the content of 97.38 mg/kg.

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, %,
Neo GroCuopmopfo%r;]e dZOIIC Method of analysis Wav:;l;ngth, XtAx
1. | Total polyphenols Spectrophotometric in terms of pyrogalol 760 10,23ig,03
2. | Tannins Spectrophotometric in terms of pyrogalol 760 7,28+0,03
3. | Hydroxycinnamic acids rsiﬁtieé:tggipdhotometric 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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MACROSCOPIC AND MICROSCOPIC MORPHOLOGICAL FEATURES OF VERBENA L. SPECIES
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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. It is 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 e : ; _ 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, .
leaves are cordate at the 2-4 cm long, dense inflorescences Branched, hori
Verbena . . . zontal, quadrangu-
. base, pinnate, short-petio- | of blue flowers, corolla is slightly . 13,9
supine L. lar, short-haired,
late, upper leaves are ses- longer then calyx, calyx teeth are 10-40 ¢m lon
sile, ovoid-wedge-shaped, | short and sharp g
2-4 cm long
Oppasite, ovate, oblpng- .| Correct, from white to purple-red | Branched, rough-
pubescent, short-petiolate; : .
Verbena o 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 o
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
anomocytic 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 um 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 um in di-
ameter, with 3 pores and a smooth exine; separate
groups of fibers, porous vessels and parenchymal tissue
of the stem [10].

X TN
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Fig. 1. The

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.

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.

1eeo21

190902

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.
It is 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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IIpoBeneH DHEProdIKOHOMHUECKHI aHATTU3 CUCTEMbI KOHAUIIMPOBAHUS BO3yXa ¢ ucnonb3oBanuem THY. Tlo
KJIIMMATHYECKUM PaliOHOM MPU UCTIOIB30BAHUS PA3TUYHBIX HCTOYHUKOB HU3KOTIOTEHIIUAILHOTO TeIljIa U MPH pa3-
JIMYHBIX CTOMMOCTSIX TOILIMBA YCTaHOBJICHBI 30HbI 3 dekruBHOro npumeneHus THY. Pe3ynpTaThl MOMy4eHHBIX
HCCIICIOBaHMA 000OIICHBI ISl CTPaH C Pa3TMYHBIMI KITMMATHICCKUMU YCIOBUSIMH.

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.

KiodeBble cioBa: TerioBoil Hacoc, TEIIOXIaI0CHA0KEHNE, KOHANIMOHUPOBAHIE BO3/1yXa, TOIIHBHO-

SHEPreTU4ECKUil KOMILIEKC

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

BBenenne

I'py3usi, M0 CpaBHEHUIO CO MHOTMMH JPYTHMMH
CrpaHaMu He BbLIENsETCS OOJBIINMHU pecypcaMu op-
TaHUYECKOTo ToruBa (He(Th, ra3), oHa Oorartast TUA-
popecypcamiu. [TosToMy, B yCIOBUSIX PHIHOYHOH 3KO-
HOMUKH, TIp0oOJIeMy OOJNBIIOH aKTyaTbHOCTH MPECTaB-
TseT s dexTuBHOE pa3BUTHE TOTUTHBHO-
sHeprerndeckoro komiuiekca (TOK) I'py3un u mccie-
JOBaHWE TIIyTeH HAJEKHOTO HHEProoOeCHeUCHUs
Crtpansl.

HecraOuiibHble LIeHBI HA OPraHUYECKOe TOIIMBO
W €ro UMIIOPT M3 3apyOeIKHBIX CTPaH, a TAKKe yXyalla-
IoIIeeCst IKOJIOTHUYECKasl CUTyalus B CTpaHe, BCE OCTPO
CTaBUT MpPOOJIEMy palMOHAIFHOTO W 3((HEKTHBHOTO
UCIIONIb30BAHMUS MECTHBIX SHEPTeTHYECKUX PECYpCOB,
KaK OCHOBHOT'O TapaHTa YHEPreTHIECKOIl He3aBHCUMO-
ctu ['py3nn [1].

C menpi0 CTa0MIBHOTO PAa3BUTHA YCTONYMBOM
9HEProoOECIIeYeHHOCTH U B Pe3yJbTaTe 3TOrO IIOBbI-
IIEHUS YHEProOe30NMacHOCTH CTPAHbI, BAYKHO, YTO OBI
IIPU COCTaBJIEHHH JOJITOCPOYHBIX T'OCYJapCTBEHHBIX
SHEPreTUYecKUX MNporpaMM IpeNyCMaTpuBaTh He
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TOJIKO TPAJAUIMOHHBIE METOABI M TEXHOJIOTHHU BBIpa-
OOTKHU TEMJIOBOH M 3IEKTPHUECKON IHEpPruil, a Takxke
U3yYUTh BO3MOXKHOCTH UCIOJIBb30BaHUS COBPEMEHHBIX
HETPaJULMOHHbIX, SHEProcOEperaorX u SK0JIorHye-
CKU YHCTBIX TEXHOJOTMU B OCYILECTBJIEHHM JHEPro-
CHA0>XeHMS, a B YACTHOCTH TEIJIO- U XJIaJOCHAOKECHNS
pa3IUYHBIX TOTpEOUTENEH.

OnmHUM W3 COBPEMEHHBIX TEXHOJOTWYECKHX pe-
IIEHUH TEIUIOXJIaI0CHA0KEHHS SIBJISICTCS IIUPOKOE HC-
MOJIF30BAaHKE TEIIOHACOCHBIX ycTaHoBOK (THY) B pasz-
JUYHBIX OTPACNIAX 3KOHOMHUKH CTPaHbl, B KOMMY-
HaIIbHO-OBITOBOM CEKTOpE U B chepe 0OLIeCTBEHHOTO
obcmyKuBaHusl.

W3 Bcero cka3aHHOTO CIIEAYET, YTO MPe/ICTaBIICH-
Hasi paboTa IOCBSIIAETCS HCCIENOBAaHHUIO BOIIPOCOB
ontumaneHoro passutus TOK I'py3uu ¢ yderoM mmu-
POKOTO BHEAPEHUS SHEProcOeperarommx TemIoH0COC-
HBIX CHCTEM TEIUIOXJIaIOCHAOXKEHUs, 9TO 0e3yCIOBHO
obecrieunr:

— MAakKCHMaJIbHOC OCBOCHHUC CO6CTBeHHLIX, BO3-
06HOBJ’IHCMLIX, OHEPIrCTUYCCKUX PECYPCOB U UX pAllUO-
HaJIBHOC HUCIIOJIB30BAHUEC,

7
ten
at
tmon
0 / L}\
tHap i i
Hap

Puc. 1. Obpabomka 6030yxa 6
XOM0OHDII nepuood 200da

B xagectBe ncxoaHOI WHPOPMALINHU U MOIEITH
CHUCTEMBl KOHIWIIMPOBAHUS BO3/AyXa HCHOIB3YIOTCS
CIIEYIOIIHE MTapaMeTprl: 1 — XapaKTepUCTHKA 3/1aHuU;
2 — KIMMaTHYecKas XapakTepHCTHKa paioHa; 3 — xa-
PaKTCPUCTUMKA OTACIIBHBIX DJICMCHTOB o6opy)101saHI/m
CUCTEMBI KOHAULIMHUPOBaHus Bo3ayxa u THY; 4 —rex-
HUKO-9)KOHOMHUYECKHE XapaKTEepPUCTHKH 3JIEMEHTOB
THY u cucteMbl 3HEprocHA0XKCHUS.

IIponenypa pacueToB mo MOAENU MperycMaTpu-
BAaeT BBITIOJHEHHE CIIEYIOMINX ATATOB!

1 — omeHka mapamMeTpOB CHCTEMBI B YCIIOBHSIX
3MMHETO PaCUeTHOTO PEKHMA;

2 — OIICHKA TTAPaMETPOB CUCTEMBI B YCIIOBHUSX JIET-
HETO PacueTHOTO MEePHO/Ia;

3 — BeI6op MomHOcTH THY (3amaercs mois30Ba-
TeJeM);

4 — onpenencuue napamerpoB THY 1o 3amanHoi
MOMIHOCTH HNPUMCHUTCIIBHO [JIA yCJ'lOBI/lﬁ 3UMHETO
PacUeTHOTO PEeKUMa;

— IOBBIIIEHHE CTEIEHH aBTOHOMHOCTH TOK m
aKTHBHOE MPOBeICHNE dHEprocOeperaromniel MoJIUTHKH
B Pa3IMYHBIX OTPACIISIX IKOHOMHUKH.

OcHoBHASI YacTh

B craTbe npuBezieHb! pe3ysbTaThl pa3padoTaHHOH
HAMH SKOHHOMMKO-MAaTEMaTHYCCKOH MOJEIH PadOThI
CUCTCMBbI prFJ’IOFOHI/I'-IHOFO KOHZ[I/ILII/IHl/lpOBaHI/Iﬂ BO3-
JlyXa, BKJIIOYAIOIINH cleayIomue BapuanTsl [2, 3]:

1. TpaaunuoHHAs CHCTEMa KPYIJIOTOJUYHOTO
KOH/JIUIIMHAPOBAHUS BO3IyXa C MCHOIH30BAHUEM Tpa-
TUIIMOHHBIX KaTOPU(PEPOB M XOIOIMIEHOW MAIIHHBI
JUTSL OXJTAXKICHUS BOJBI B KAMEPE YBIAXXHEHHUS JIETOM:

- C BXOJHBIM TEMIO00OMEHHUKOM;

- 0€3 BXOJHOTO TEINIOOOMEHHHUKA.

2. Cucrema KOHOUIMHUPOBAHUSA BO3yXa C TEILIO-
HaCOCHOM YCTaHOBKOM, KOTOpas HCIIOJIB3YETCs IS
HarpeBa Bo3ayxa B Kanopudepe BTOPOro IMoaorpeBa
3PIMOI>1 U OXJIAXKACHUS BOABI B KaMepe yBJ'Ia)KHCHI/IH JIc-
TOM. JTa cXeMa B CBOIO OUYCpE/Ib UMECT JBa BapHAHTA:

- cuctema ¢ THY ¢ BXOIHBIM TEMIO00MEHHUKOM;

- cucrema ¢ THY 6e3 BXOIHOIO TEMIO0OMEHHHUKA.

Kaxk BuaHo u3 puc.1 u 2, B ciyyae ¢ BXOJHBIM TeN-
JTIOOOMEHHHKOM PAcXOJ JHEPruu OyIeT 3HAYUTEIHHO
MenbIe, geM 6e3 Hero (Ip-11>1-14 u I1-15>14-13).

J

{rap

tB H

tHOZ[

Puc. 2. Obpabomxa 6030yxa 6
menvlii nepuood 200da

5 — pacuer sHepreTndeckoit 3 dhekTHBHOCTH pa-
OOTBI CHCTEMBI IO MecsIIaM I'o/1a;

6 — pacdeT TCXHUKO-DKOHOMHWYECCKHUX I1OKa3aTe-
JICH CHCTEMBI KOHIAMIUOHHUPOBAHUA BO31yXa.

A) Ecm |0 < |§’ , To cucteMa Oyner paboTarth B

PEKUME XO0JIOAHOTO IE€pUOJa.
Bce napamMeTpbl CUCTCMbI PACCUUTBHIBAIOTCA I10

. 3
aHanoruu ¢ srarom I npu 3axannoit Temmeparype ( {;

) ¥ BIAXKHOCTH ( dg ) Hapy’»KHOTO BO3IyXa.

KommgectBo Temnma, KoTopoe BhIpabaTHIBACTCS
THY npu 3agannoii MouHocTH (X) paBHO:

Qryy =X - @, 1By,

re ¢ - koepunueHt npeodpazopanust THY.
[Hamee BripaboTka THY cpaBHMBaeTcs ¢ morpeod-
HOCTBIO B TEIUIOBOW JHEPrHH BTOPOro Kanopudepa

(Q2).
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Ecmu Qg <Q,, To Tpebyercs pononnurens-
Hasi paboTa JOBOJYMKA, NPOU3BOJIUTEIBHOCTH KOTO-

POro HOIDKHA OBITH Qm,6 = Qz - QTHy-

Ecmu Qypy > Q,, To noBomuuk He Tpebyeres:

Q()oe = 0’

a THY pomkHa 00OecCIeuHWTh CTOJBKO TEIlIa,
CKOJIBKO TpeOyeTcsl CHCTeMe

Quy =Q, u N=Qpy /9.

rae N — anmexktpudeckas MomHOCTs THY.

Kpome ocnoBHEIX mapamerpoB THY, ompenens-
JOTCSI CJIYIONINE MOKAa3aTeNN ¢ HapacTaloIMM HTO-
TOM 3a 3UMHHUH MIEPUOA:

- CyMMapHBIH pacXon TeIyIa Ha HarpeB BO3/IyXa B
Kajopudepe mepBoro momorpesa (6e3 BXOZHOTO TETI-
JTIOOOMEHHHKA):

Fl = Fl +Q1 -7, kKBtu

IZie T — IPOAOJDKUTENBHOCTE PabOTHl B T€UEHHE
MecsIIa,

- CyMMapHBIH pacxo]| Ipu paboTe BXOIHOTO Tell-
J00OMEHHHKA!

F2 = Fz -i-Ql - T, kBTtu
- CyMMapHBIH pacXoj Teria BO BTOPOM KaJopH-
tepe:
F,=F+Q, 7,xBru
- B TOM YHCJI€ PacXo/ TeIia JOBOJIUKOM:
F4 = F4 +Q506'T,KBT‘I
- pacxoj Temia B CKpyoOepe (6e3 BXOOHOTO TeT-
J00OMEHHHKA):
F5 = F5 +Q3 -7 ,kBtu
- TO K€ TIPH paboTe BXOTHOTO TEIFIO0OOMEHHHKA!
Fe = F6 +Q3-‘L',KBTq
- pacxon anektposHepruu THY:
F7 = F7 + NTHy - T ,kBtu
- TO 7K€ BEHTHJISITOPOM:!

F,=F,+N

B) Ecm |3A < |0 , TO CHUCTEMA KOHTMIIUOHUPOBa-

- T ,kBT1u

BeHm

HUs OysieT paboTaTh B peKUME TEIUIOTO Meproa.
B srom cimyuae mapamerpsl THY paccuunthiBa-

A
FOTCS TI0 @aHAJIOTHH ¢ HTaroM 2 npu Temmeparypax ({;

) ¥ BIQXXHOCTSIX (doA ) HapyY»XHOTO BO3/yXa XapakTep-

HBIX JJIs JIETHETO NepUoa.
XnaponpousBoautenbHocTs THY mMomuocThio X
COCTAaBUT:

QTHy =X @, xBTu.

Jlanee npon3BOIUTCS CpaBHEHHE XJIaJOTPOU3BO-
murensHOcTH THY ¢ morpeGHOCTRIO CKpyOOepa B Xo-
Joze.

Ecmn Qpyyy < Qs, 1o B cucreme Heobxoammo
NPeTyCMOTPETh J10BOIYMK, POH3BOJMTENLHOCTb KO-

toporo pasia Q, . =Q; —Q,y, a moummocts

Ndoe = Q()08/¢ .

Ecmu Q> Q,, T0 f0BOAUNK He Tpebyeres, a

THY pomxkHa pabotaTh ¢ NPOU3BOIUTENBHOCTD, PaB-
HOW NOTpeGHOCTH B XOJIOJE:

QTHy = Qs

AHAJIOTHYHBIM 00pa30M TPOHCXOINT CPaBHEHUE
pu paboTe B CUCTEME BXOAHOTO TEIUIOOOMEHHUKA.
[MokazaTenu pacxo/a SHEPTHHU 3a JICTHUHA TEPHO
(HapacTalommM UTOTOM):
- CYMMapHEIH pacxo]] SIEKTPOIHEPTUN TPaIUIIH-
OHHBIM KOHJAHITMOHEPOM 110 cxeme 6e3 THY:
Rl = Rl-I-Nk -7 ,kBT1u
- pacxon 3iexTposHeprun B cxeme ¢ THY (6e3
BXOJIHOTO TETNTIOOOMEHHHKA):
Rz = R2 + Nmy -7, kBtu
- TOXE B CXE€ME C BXOJ/IHBIM TETJIOOOMEHHHKOM
R3 = R3 + NTHy -7 ,kBta
- pacxo.l SHEPTUH BEHTHIIATOPOM:
R4=R4+N -7 ,xBtu
- CYMMAapHBIH pacxo] IEKTPOIHEPTUU TOBOIUH-
KoM (0e3 BXOJJHOTO TeIIIO00OMEHHUKA):
R5 = R5 + N()M‘T,KBT‘I

- TO K€ IIpU pa60Te C BXOJHBIM TEIIO0OMEHHU-

6eHm

KOM:

R, =R, +N

B) Ecn I <1, <1, o nmeer mecro nepe-

-7, kBT1u

008

XOJIHBIN TIEpPHOJI, KOTOPHIH B MOJIENN HE paccMaTpUBa-
ercs. B atoT mepuox THY ne paboraert.

CpaBHEHHE pa3INYHBIX CHCTEM KOHIHIIMOHHPO-
BaHME BO3/yXa IPOBEICHO HA OCHOBE MOKa3aTemel ro-
JIOBBIX 3aTpaT:

3=I1,Q+LL, D+AHI+E K, $/rox

rae L, Il — cooTBETCTBEHHO CTOMMOCTH TEILIO-
BO#i U 3JIeKTpUUeCcKoil sHeprun, $/MBTy;

Q, O — COOTBETCTBEHHO I'0JIOBBIE PACXOBI TEILIO-
BOM M AJIEKTPUUECKOI SHEprun, KBTu/rox;

Anm— aMOpPTH3aLMOHHbIE OTYHCIICHUS (TTPUHSTHI B
pasmepe 10%, ucxons 3 10-meTHero cpoka CIiryKObI
YCTAHOBKH);

[T, — mpoune 3aTpatsl 1o cuctemMe (MPUHATHI B Pa3-
Mepe 1% OT mepBOHAYaNbHBIX WHBECTHIMH B CH-
cTeMy);

E. — HOopMaTuBHBIN K03 dunmeHT 3¢ peKTuBHO-
ctu uaBectuiwii (E,=0.15);

K — nHBecTHIMI B CUCTEMY KOHIMIIMOHUPOBAHNS,
$.

OCHOBHO# 00bEM pacueTOB BBHIITOJIHEH PU CTOU-
MocTH anekTposHepruu 0.06$/kBT4, X0Ta B npuHIUITE
MO/IEIIb TTO3BOJISIET MTPOBOANTH OLIEHKH ITPH JIFOOBIX 3a-
JITAaHHBIX 3HAYEHHUAX CTOMMOCTH TEIUIOBOM M DIIEKTPH-
YECKOM dHEPTHUU.

Pacuersr OpuH TpoBeneHBI A cTpaH HOkHOTO
Kaska3a, ro>xHbIX pailoHOB Mo110BbI, YKpauHsl 1 Poc-
CHH, a TAKXKE€ FOXKHBIX PalOHOB CPEeTHEA3NATCKUX TOCY-
JIapCTB.

B Tabmune 1 mpuBeneHs mapaMeTpbl CHCTEM KOH-
JUIIMOHUPOBAHUA BO3AYyXa IJId NEPCUUCIICHHBIX HAMH
BBIIIIE PETHOHOB (IIPU CTOMMOCTSIX 3HEPTUH OT BHEIII-
Hero ucrounuka 25 $/MBT1y
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Tabnuua 1
ITapameTpsl cucTeMbl KOHAULIMOHUPOBaHUS Bo3ayxa ¢ THY niis pa3innuHbIX roposos
(06beM 3nanus 5000 M3, Temneparypa BHyTpH nomemienus 20°C)
HaumeHoBanus Towmcu | Tawmkenr | Snra Huenpo- Amva-
TIETPOBCK ATbI
Mormmnocts THY 1o 3umHeMy Makcumymy, KBt 52 67 48 82 53
MomHocts THY no neTHeMy MakcuMmyMmy, KBt 11 22 9 10 35
OnrumanbHast MoniHocts THY, kBT 35 40 30 50 42
HuBecTHMM B CHCTEMY, ThIC.$
Tpaauil. cxema 0e3 T/0 10,4 17,7 9,5 13,2 28,7
TpaJHMIL. cXema ¢ T/0 13,4 21,2 12,5 18,3 31,7
THY 6e3 1/0 16,8 22,1 155 25,3 21,4
THY c1/0 18,0 23,1 17,0 27,3 20,3
I'opoBble 3aTpaThl, THIC. §
Tpajuil. cxema 0e3 T/0 9,3 119 8,5 13,2 19,8
TpaJHMIL. cXema ¢ 1/0 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 c1/0 7,7 94 7,2 11,7 10,4
Pacxon TonjuBa, T y.1./T0J
Tpamuil. cxema 0e3 T/0 116 127 107 170 216
TpajMLL. cXxema ¢ T/0 65 57 63 103 108
THY 6e3 1/0 87 96 77,5 125 160
THY c1/0 49 55 45 75 83
Pacxon sHepruu Teic.kBTu/rojg
TpaMIL. cXxema 44,8 71,9 30,7 35 103,8
THY 6e3 1/0 143,2 167,9 134,6 202,5 206,5
THY c 1/0 140,4 155,5 132,6 202,2 201,5

Bo Bcex paiionax mpumMeHenus cxem ¢ THY co
BXOJIHBIM TEIUIOOOMEHHUKOM OKasbiBaeTcs Ha 10-20%
(B Amma-ATel naxke Ha 47%) IenieBye, 9eM TPaTuiin-
OHHBIX CHCTEM C XOJOAWIbHBIMH (0€3 BXOJHOTO TeTl-
nooOMeHHHKa), U Ha 5-10% B ciryyae TpaaAWUIMOHHON
CXEMBI C YTWIM3aIMell TerIa NMPUTOYHOTO BO3AyXa.
HecMoTpss Ha yBenWueHHE KalWTAJIOBIOXKEHUH B
cxemy ¢ THY u BXoaHbIM TemiooOMeHHHKOM B 1,5-2,0
pa3a ¥ poCTOM pacxo/1a MEKTPOIHEPTHH B 2,5 pas, pac-
XOJ TIEPBUYHON JHEPTUH C Y4eTOM 3(PPEKTUBHOCTH
npeoOpa3oBaHMsl Ha JIIEKTPOCTAHIMAX COKpAIAeTCs
npumMepHo B 2,0-2,5 pasza. Iloatomy c yBenuueHuem
CTOMMOCTH SHEPTHH OT BHEIIHETO MCTOYHHUKA dPPek-
TUBHOCTH cxeM ¢ THY yBennuusaercs [3, 4].

Kak mokazanu pacdersl, Ipx CTOUMOCTH HEPTHU
OT BHEUIHEr0 UcTouHnka Meree 15 $/MBTu, npumene-
Hue cxeM ¢ THY u BXOAHBIM TEIIIOOOMEHHUKOM OKa-
3bIBaeTCsi Hed((PEKTUBHBIM BO BCEX paiioOHaX, Kpome
Kasaxcrana; [Tpu 15-20 $/MBT4 — 3T CXeMbI CTaHO-
Bsatca 3 dexTuBHBIME B ycnoBusix CpenHedd Asuu
(Tamkent); Ilpum croummoctn »sHeprum Oonee 20
$/MBTY mpakTHYeCKH BO BCEX FOXKHBIX palOHaX cXeMa
¢ THY u c TermnooOMeHHUKOM OKa3bIBa€TCs IKOHOMHU-
yecku Oosee 3 PEKTHBHBIM, YEM TPAAUIOHHAS CXeMa
(maxe U OCHAILCHHWU €€ BXOAHBIM TEIJI000MEHHH-
KOM), a Tipu croumocti bonee 25 $/MBTu 1 cxema ¢
THY 6e3 TemmooOMeHHIKa CTaHOBHUTCS Ooiee dhdek-
THUBHBIM, YeM TPaJUIIMOHHASL.

[TpoBeneHHBIC UCCIICTOBAHS TO3BOJISIOT CACTATh
PSA BBIBOJIOB OTHOCHTEIBFHO IEIIECO0OPa3HOCTH MPH-
MCHCHHS TETUIOHACOCHBIX YCTAHOBOK B CHCTEMaX KOH-
IUIIMOHNPOBAHHOTO BO3Ayxa. B paifonax CpemHeit
Asun u Kazaxcrana cxemsl ¢ THY u BXoAHBIM TemIo-
0OMEHHHKOM SBISIOTCS Hambonee 3(QeKTuBHBIMU
HE3aBUCHUMO OT UCTOYHHKA BHEIIHEH SHEPruu (Jaxe B
cly4ae MmojiorpeBa Bo3ayxa TerioM oT KpymHbix TOIL)
MPU CTOMMOCTH TEIUTOBOM 3Hepruu 6onee 15 $/MBTu.
ITpu croumoctu tera 6onee 20-25 $/MBTu (temo ot
KOTEIBHBIX, PAMOE CIKUTAHUE T'a3a WIN KUIKOTO TOII-
muBa B Kajopudepax) 3Q(eKTHBHOW CTAaHOBUTCS H
cxema ¢ THY 0e3 yTwnm3anuu TeIuia BEHTWIAIMOH-
HOTO BBIOPOCA, XOTS OHA H YCTYIACT CXEME C BXOTHBIM
TEIUIOOOMEHHHUKOM. B IOKHBIX paifoHax MOIIOBEI,
Ykpannsl, Poccnn n FOxxuoro KaBkasa B KpymHBIX T0-
polax C IEHTPaTM30BAHHBIM TEIUIOCHAOKEHHUEM OT
TOIL[ npud CTOMMOCTH TEILUIOBOW 3Hepruu mo 15-18
$/MBTu 11€71€C000pa3HO UCHONB30BATH TPATUIIMOHHBIE
cxembl. [Ipu 6ojiee BBICOKOW CTOMMOCTH JHEPTHH OT
BHCIIIHETO KMCTOYHHMKA CIICAYCT MPUMCHSITH CXCMBI C
THY (B nepByro o4epelb, C BXOTHBIM TCIIIOOOMCHHH-
KOM).

Kak 310 ObUTO OTMEUEHO BO BBeaeHUH, B [ py3un
UMEIOTCSI 3HAYUTEILHBIC THIPOIHEPTETHUCCKUE pe-
cypebl. [lostomy, B nepcnektuBe ctpoutenbetso ['DC
OyIeT MOJOXKUTEIHHO BIUATH HA CTAOMIN3AIMIO [ICH B
sHeprocucreme [4].
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B pesynbrare mUpOKOro 0CBOSHHUS THAPOIHEpre-
THYECKHX PECypcoB, B OyaylleM LIEHbI Ha 3JIEKTPO-
SHepruto He yBenuuarcs. [loaTomy, mo cpaBHEHHIO C
JIPYTHMH, PacCMOTPEHHBIMH HaMH HE BBIICISIOLIN-
MHCS 3HAYMTENBHBIMH THUAPOPECYpPCaMH CTpPaHaMH,
I'py3us co cBoeil KIMMaToreorpaduIecKuMH YCIOBH-
aMu o macinrabam BHeaperns THY okaxercs B 6o-
Jiee JIydIne CUTyaIH.

B Oymymem B pe3ynbTaTe BBEACHHUS B CTpaHe
I depeHIMPOBaHHBIX Tapu(OB Ha IIEKTPOIHEPTHIO,
eme Oonee 3(pGEKTUBHBIMH CTAaHYT TEIJIOHACOCHBIE
CHCTEMBI TeHHOXHa[{OCHaG)KCHI/IH B IPOMBIIIIJIEHHOCTH
U B chepe KOMMYHAILHO-OBITOBOTO XO3SIMCTBA IS
obecrieueH sl TeMIOM CHCTEM OTOIUIEHHS U TOpsSYero
BOJIOCHA0)KEHHSI.

BrIBOBI

[IpoBeneHHBIE HAMU HCCIIEAOBAHUS 10 YCTaHOB-
JICHUIO SKOHOMHYECKOH 3((PEKTUBHOCTH 110 TIPHIMEHE-
Huo THY B cucreMax KOHIMIMOHUPOBAHMS BO3AyXa
110 CPaBHEHUIO C TPAAWUIMOHHBIMH CHCTEMaMH, IOKa-
3aM, 4TO C HCIIOJIb30BAaHMEM KOMIUICKCHBIX CHCTEM
TETJIOHACOCHOTO TETUIOXJIa0CHA0XKEHNSI TOTpebIieHNne
OpPraHUYeCKOTo TOIUINBa yMeHbInaercs Ha 30+40%, a
rozioBele 3aTpaThl Ha 21+32%. BmecTe ¢ Tem, momHO-
CTBIO HCKIIIOYAETCS 3arpsi3HEHNE OKPYKaIOIei cpe/ibl
MPOJIYKTaMH CTOPAaHUsI OPTaHUYECKOTO TOIUIMBA, YTO

paduKaJIbHO YJIYYIIUT SKOJOTHYCCKYIO CUTYyallUIO0 B
CTpaHe.
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JJIA CUCTEM YIIPABJIIHHS OCBITJIEHHAM

Cemeneyn /1. A.

Hasuanvno-nayxosuii npogheciiino-nedazociynuii
incmumym VIIIA (m. Baxmym)

Kanouoam mexHivHux Hayx, OOyeHm

Bbaxmym

STRUCTURAL METHOD FOR REDUCING TRANSDUCER ERROR FOR LIGHTING CONTROL
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VY po0oTi po3risiHyTI OCHOBHI MPUHIMIH 1TO0Y/I0BM BUMIPIOBAJILHUX MEPETBOPIOBaviB Ha 0a3i porouyTiu-

BUX pe3uctopiB. [IpoananizoBaHi NpUHIMIK TEPETBOPEHHS, 0COOJIMBOCTI X poOOTH, BU3HA4YEH] (YHKIIT neper-
BOpEHHS. 3aIllpOIIOHOBAHUM CTPYKTYPHHH METOJ HOJIIIIEHHS METPOJIOTIYHUX XapaKTEPUCTHK BUMIPIOBAJILHUX
MIepeTBOPIOBAUiB JUIsl BHKOPUCTAHHS iX B CHCTEMax yNpaBIiHHS MITYYHAM OcBiTJIeHHAM. OTprMaHi po3paxyHKOBi
CHIBBIJHOIICHHS TS KUTBKICHOI OLIHKY MOTPIITHOCTI IepeTBOPeHHS. Hamani pekoMeHaarii st peaizarii po3r-
JITHYTOT'O METOY.

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.

KoarouoBi ciioBa: cucreMa ynpasiiHHs IITYYHUM OCBITJIEHHSIM; ()OTOUYTIMBUN PE3UCTOP; BUMIPIOBAIBHUMA
MEePETBOPIOBAY; TOYHICTB MEPETBOPCHHA.
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Keywords: control the system by lamplight, photoresistor, measuring transformer, metrology description,

exactness of transformation.

IHocTanoBka npodaemu. CyuacHa fep>kaBHa MO-
JiTHKA eHepro30epekeHHsT 00yMOBIIOE JKOPCTKI BH-
MOTH 110 e()eKTUBHOCTI CHCTEM IITYYHOTO OCBITJICHHS,
1 K HACJIIOOK - IO aBTOMAaTH3aIli] TAKUX CUCTEM. 3a0e3-
TI€YEHHS CaHITapHUX BHMOT OJJHOYACHO 3 BHCOKHM pi-
BHEM €HEeproe(eKTUBHOCTI BIMArae sik BUKOPUCTAHHS
€KOHOMIYHHUX JDKepeN CBITIa, TaK 1 CyJaCHHX eJeKT-
POHHHUX CHCTEM YIIpaBIiHHA (cTabinizarii) ocBiTIeHO-
CTi.

[IpoTsirom momepenHix POKiB B OCBITIIOBaIBHUX
MPUCTPOSIX BUKOPHCTOBYBAJINCS JIIOMIHECIIEHTHI JJaMU
JUTS 3aITaTFOBaHHS Ta CTaOLIi3aIlii CTPYMy SIKHX 3aCTO-
COBYBAJIM SIK €JIEKTPOMArHiTHi, TaK 1 eNeKTPOHHI Oaja-
cti. OHaK 1X BUKOPHCTaHHS, TONPH IIEBHY €HEProo-
MATHICTh Y MOPIBHSHHI 3 JaMIlaMH pPO3KapIOBaHHS,
OB’ s3aHE 3 HETPUBAIMM TEPMIHOM CITy>KOH, TPHBATIHM
4acoM BMHUKAaHHS, CKITaHICTIO peaisaiii JKepel CBi-
TJa JTUHAMIYHOTO OCBITJICHHS, IIPH SIKOMY SICKPaBiCTb
JUKeperna CBiTIa MOXe 3MIHIOBATHCS B IHPOKUX Me-
Kax.

3 MOSIBOIO CBITIIOMNIOMHUX JKEPEIT CBITIIA PsiIl BKa-
3aHUX BUILE HEIOJIKIB BAANOCi yCyHYTH. Bukopuc-
TaHHS TAaKUX OCBITIIOBAJIBHUX IIPUCTPOIB, SIK CBITIOMI-
OJTW1 JIIHIHHI JJAMITH Ta CBITIIOMIONUI IPOKEKTOPH, HE-
3Ba)KalOYM Ha MOPIBHSHO OiIBIIY BapTiCTh, JO3BOJIMIO
MIIBUINNTH TX SKICHI Ta KIIBbKICHI CBITJIOTEXHIYHI IO-
Ka3HWUKH. BeNMuKknit acCOpTUMEHT CBITIIOMIOTHIX OCBIT-
JIOBaJIbHUX HPHUCTPOIB Ta €IEKTPOHHMX 3ac00iB Ui
perymoBaHHS iX CTpymMy OOYMOBIIOE MOXMIIUBOCTI
CTBOPEHHS €()EKTHBHMX CHCTEM YTPABIiHHS, BaXKIH-
BUM KOMIIOHEHTOM SIKHX € BUMIpIOBaJbHHI IIEPETBO-
proBau (BII) piBus ocBitieHocTi [1].

B sikocTi BUMIPIOBAJIBHOIO JaTYUKA OCBITICHOCTI
MPOTOHYEThCS BENMKA KINBKICTh PI3HOMAHITHUX €JeK-
TPOHHUX eJieMeHTiB. DoTope3nucTopu Juisi BHMIpIO-
BaHHS BUIMUMOTO CHEKTPY ONTHYHOTO BHUIIPOMIHIO-

BaHHSA Ha 0a3i cynbdimy Kagmiro ( ﬂp ~ 0,53 MKM) Ma-

I0Th TIOpPiBHSHO BEJIMKHH dYac BIAryKy (THUIOBE
3HaueHHs - 50 mc). TemuoBwit omip - mopsiaky 1 MOm
3HWKY€ETHCS HEJIIHIMHO 13 3pOCTaHHIM OCBITIICHOCTI 110
npubimzHo 1 kOm. CriBBigHOIIEHHS MiX ormopoMm R i
MIOBHOIO TOTY’KHICTIO TTAaJaf0uoro CBiTIIa BKpan Hei-

HIIHO |g R=a—b-|g(PA),neP7iHTechB-

HICTB OCBITJIEHHS; 4 - TIJIOIIA YYTIMBOI MOBEPXHi i @, b
- KOHCTaHTH. TemrepaTypHa CTablIbHICTh PE3UCTOPIB
HEBEJIMKA 1 3aJIeXHUTh BiJ CKJIajJy, METOIYy BUIOTOB-
JIeHHs 1 piBHS ocBiTieHoCTi. KpiM Toro, HynboBe 3Ha-
YeHHsI MIHA€ETHCS 3 4acoM B Mexkax 710 20% 3a 1000 ro-
1uH [2]. Tomy 3acTOCYBaHHS LUX MPUIIAIiB OOMEKeHE,
OCKIJIbKM BOHH HEPUJIATHI JJIs IBUAKOTO BiATYKY 200
ToyHOro BUMIiptoBanHs [3]. TIpote, cnin Big3HAuwTH,
IO IIi JaTYUKH JOCTAaTHBO UyTIHBI (KpaTHICTH 3MiHU
OTIOpY BiJl TEMHOBOTO CTaHy O HOPMOBAHOI OCBITIIe-
HOCTI JTocsATae NEKiTbKOX THCSY), IX BapTICTh HEBe-
JMKa, TOMY BUPIIIEHHS 33124 3aCTOCYBaHHS iX B JIOKa-
JBHUX CHCTEMaX YHPaBIIIHHS IITYYHUM OCBITIICHHSM €
AKTyaJIbHUM.

AHaJi3 ocTaHHIX JocaiTKeHb Ta myOaikaniii. B
JUACHUN Yac JOCTaTHBO 0arato yBard MPUIIAETHCS

poO3poOLi Pi3HOMAHITHUX CHCTEM YIPABIIHHS INTYY-
HOT'O OCBITJICHHS B yMOBaX IPOMHCIIOBHX Ta IPOMasi-
HCBKUX 00’€kTiB. IIpy IpOMY MIMPOKO BUKOPUCTOBY-
FOTHCSL ITUQPOBI Ta KOMIT FOTEPHO-IHTETPOBaHI TEXHO-
jorii, TIEPBHHHI BUMIPIOBaJbHI  IEPETBOPIOBAYI
ocBiTneHHs npamtoroTh 3 AL, mo mo3Bossie KoMIeH-
CyBaTH BiJOMi 3aKOHH IIOXHOOK Ta 3a0e3medyBaTu HO-
pPMaTHBHY TOYHICTH BUMipIOBAHb.

3aBnaHHs 3a0e3neyeHHs] Ha poOOYMX MICISX pi-
BHSI OCBITJICHOCTI HE HM)KYOTO BiJl HOPMOBAHOIO IPO-
TSATOM YChOT0 poOOYOTr0 Hacy, 3aro0iraHHs HeparioHa-
JILHOMY BHKOPUCTaHHIO IITYYHOTO CBITJIa B HAWOUIBII
CBITIINI yac 100H, YBIMKHEHHS a00 BUMKHEHHS OKpe-
MHX TPYyIl CBITWJIBHHKIB YM DEryJIIOBaHHS iX CBITJIO-
BOTO TOTOKY 3aJIC)KHO BiJl 3MiH IPUPOIHOI OCBITIICHO-
CTi TpaAUIIITHO BUPINIYETHCS 3aC00aMH IHTEIICKTYab-
HUX CHCTEeM YIpaBIiHHA [4]. 1111 BUMipIOBaHHS PiBHS
OCBITJICHOCTI BHKOPHUCTOBYIOTH UYTJIUBI NaTIYUKU Ha
OCHOBI TOHKOIUTIBKOBHX (DOTOUYTIMBUX PE3UCTOPIB,
¢doromionn ((pororpaHzucTopH), criemianbHi HTENEK-
TyalbHI JAaTYUKH 3 PO3UIMPEHUM CIIEKTPOM BHUMIpIO-
BanHsa Ta ALl mocaimoBHOTO HAOIMKEHHS Ha OCHOBI
KOMYTOBaHOI MaTpUIi KOHIEHCATOPIB, SIKMH, B CBOIO
4yepry, oOpoOiIsie BXiJHI AaHi Ta repeaae ix moposps-
JTHO, IOYWHAIOYH 31 CTAPILIOTO PO3PSIY B KOMII'IOTEPHY
cucreMy 0OpOOKH aHUX.

Bu3zHauyeHHsI HeBHPilIeHHX paHill YacTHH 3a-
rajJbHoI NpodJeMH.

IcHytoui TexHi4HI pillIEHHs BUKOPHCTaHHS (HOTO-
PE3UCTOPHUX BIMipIOBANBHUX repeTBoproBadis (BII) B
OLITBIIOCTI CIIPSIMOBaHI Ha X BUKOPUCTAHHS B IPUCT-
POSIX yIpaBIliHHS OCBITJIIEHHSM Mo3uuiiiHoi aii. [Turan-
HsaM 100yaoBu BIT Ha 6a3i ¢hoTOpe3nCTOpiB 3 MOKpa-
HIEHUMH METPOJIOTTYHUMH XapaKTEPUCTUKAMH MpPUi-
JISIETHCSI HEJOCTATHHO YBAar.

ITpn nobynosi enexrponnux BII 3 ¢oropesucro-
paMu MO>KHA BUKOPUCTOBYBATH JIEKiIbKa METOJIIB, 110
3a0e3nevyroTh OTpUMaHH HEOOXiJHNX MapaMeTpiB TO-
YHOCTI 1 OaXKaHMX XapaKTEepUCTUK. B cykymHocTi MeTo-
IiB, BYKHBAHUX JIJIS TTOJIIIIIEHHS METPOJIOTIYHUX Xapa-
KTEPHUCTUK, MOXYTh OyTH BULJICHI: MapaMeTpHUUHi; 3
BUKOPHUCTAaHHSAM 3BOPOTHUX 3B's3KiB (33); KoMIeHCa-
iifHI 1 MOCTOBI; CTPYKTYpHI; TECTOBI; aJTOPUTMIi4Hi;
MoIyJALiHI [S].

Meta myoaikauii. B npecrasneniii po6oTi po3r-
JISIHYTI Ta MpOaHalli3oBaHi HAHOUTBII JOCTYIHI CTPYK-
TypHI METOJIM MiJIBULIEHHS TOYHOCTI IPH pO3poO1li BH-
MIpIOBAIIEHOTO MEpETBOpIOBayua Ha 6asi GoTope3ucro-
piB Ul BHKOPUCTAHHS Y AaHAJIOTOBUX JIOKAJbHUX
CHCTEMaXx yNpPAaBIiHHS IITYYHUM OCBITIICHHSM.

Buknagennsi ocHOBHOro marepiaiy. Jlo cTpyk-
TypHUX METOJIB BiTHECEHI Ti METOIH, IIPH BUKOPHC-
TaHHI KX 3aBISKN HAsIBHOCTI PeryIboBaHUX abo He-
PETYIIEOBAaHUX BUCOKOTOYHUX (PYHKIIOHATHHUX BY3IIiB
1 KOMITOHEHTIB, 800 3MiHH CTPYKTYpH IIEPETBOPIOBAITH-
HOTO TPUCTPOIO, MO’KHA OTPUMATH OaXkaHi METPOJIOTi-
YHI XapaKTepUCTHKU HaBiTh 0€3 BUKOPHUCTaHHS Hera-
THUBHOTO 3BOPOTHOTrO 3B's13Ky. [Ipu npomy BII BusBmns-
I0TbCS CTPYKTYPHO CTiliKMMH (TIpH 3acTOCYBaHHI
CTIMKMX (QYHKIIOHAIBHUX BY3IiB). TeopeTHyHO NpH
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BUKOPHCTaHHI CTPYKTYPHHX METOIB HE BUHUKAE IIPO-
O1sieM 13 3a0€31eYCHHSM CTIIKOCTI 1 He BUMAaraeThesi KO-
pexii XapakTepucTHK (yHKIIOHAJIBLHHUX BY3JiB, 0e3
AKOI, SIK IPaBWIJIO, HE OOXONIATHCS EJEKTPOHHI JIaH-
LIOTH, OXOIUIeHI JlaHIroramu 33 [6].

[Ipore Ha mpakTumi podbiaemu i3 3a0e3neIeHHIM
CTIMKOCTI € 3aBXIIH, OCKUJIBKU IPH CTBOPESHHI BUCOKO-
TOYHUX EIeKTPOHHUX ()YHKIIOHATFHIX BY3JiB B OiJ1b-
IIOCTI BHUITAJKIB 3aCTOCOBYEThCS 33 B TOMY abo iH-

(]() ur

MiICUIIOBAaY

BUMipIOBaJIbHU

oMy BUDIIsiAl. CTPYKTYpHI METOAM 3aBXKM BUKOPHC-
TOBYIOTBCSl y TIOETHAHHI 3 MapaMETPUYHUMH 1 METO-
nmamu OC. Tlpu pinieHHI TEXHIYHOT 331291 i IBUICHHS
toyHocTi II1 cTpyKTypHi ME€TOAM € APYTHMHU 110 3HAUY-
IIOCTi MiC/Is METOIiB 3BOPOTHOTO 3B'A3KY. IX Xxapakre-
PHOIO OCOONHBICTIO € (PYHKI[IOHABHA CTIMKICTP 1 Bif-
CYTHICTb AKHX-HEOYIb MPOoOIIeM 3 11 3a0e3MmeueHHsIM.
Ha puc. 1 moka3zaHi cripoIieHi MPUHIATIOBI CXEMHU
HaiiOinpm posmoBciomkeanx BIl 3 BHKOpHCTaHHAM
(doTtopesncTopis Ha 6a3i omepamiiHUX MiACHITIOBAYiB.

VD

o B g B
I S

DA R2

R1*AR

E))QO

Rk R3

0)

Puc. .1. [Ipunyunogi cxemu 6UMIpIOBAIbHUX NepemBOpIO6aie Ha basi homopesucmopa

[lepmra cxema (puc. 1a) — TpagumidHUA epeTBO-
pIOBay «OMip - HAampyra» 3 BUKOPUCTAaHHAM OJIUHAp-
HOTO MOCTY NOCTiiHOTO CTpyMy. I1oTpiOHMIA Koedii-
€HT MEPETBOPEHHS CXEMH OTPUMYETHCS 32 TOTIOMOTOI0
PI3HHIIEBOrO BUMIPIOBAJIBHOTO MiJICHIIIOBa4Ya Ta MPH
BUKOPHCTaHHI Cy4acHUX THUIIB ONEpallifHUX IHCTPY-
MEHTAJILHUX MiICHIIIOBaYiB TOYHICTh BIITBOPEHHS 3a-
JIAaHUX TIapaMeTpiB € JOCTaTHhO BHUCOKOK. ToOTO, OC-
HOBHHUM €JIEMEHTOM, SIKMi BU3Haya€ (QYHKIIIO MepeT-
BopeHHs BII ta ii TowyHicTh € MocTOBa cxema. Sk
NOKa3aHo y poOoTi [7], 4yTnHBICTE MOCTOBOI CXEMH
BU3HAYAETHCS PIBHIHHAM

E 1
SMU =

R (1+m) q(1+1/m)+1+n]

ne KoedilieHTH n, m,  — KPaTHICTH OTIOPIiB CXEMHU
MOCTY IO BiJIHOLICHHIO JI0 ornopy ¢oTtopesucropy Ri:

Rz :le? RSZan; RINOA:qu;

R 4 =Mn Rl' ITpu BigoMux Ta hikcOBaHHUX 3HAUECH-

(1)

HsX n Ta ( lIyT.]'[I/IBiCTI) MaKkCuMaJibHa Ipu BEJIMYUHI

m=.,/q(1+q+n), 2

TOOTO A1 BUINAAKY MOCTY Apyroi cumerpii (

R,=R;. R,=R,, N=1)1a =05, xoediui-

exT m:,/5(1+5+1) ~6.

OyHKIIISA TEPETBOPEHHS 3MIHU OTIOPY (hOTOPE3UC-

TOPY A Rl B BI/IXiZ[Hy Hampyry CXeMu Ma€ BUTTIAL:
_ R
A+AR, B
e A=RR,+RR, +R,R, +R,R,;

U,=AR,-E ®

B=R,+R,.

Hpyra cxema (puc. 16) — mynsTHBiOpaTop Ha 6a3i
OIepaliifHOrO MiZCHUIIIOBaYa, B SIKOMY (OTOPE3UCTOP
BBIMKHEHO B KOJIO Bi/I’€MHOTO 3BOPOTHOTO 3B’5I3KY, 3a-
BISIKK YOMY OI1ip (hOTOpPE3UCTOpa BILUTMBAE HA YACTOTY
Ta IIMapyBaTiCTh BUXIJAHUX NPSMOKYTHHUX IMITYJIBCIB.
[MeperBopenns «Omip - yactota» («Onip — mmapysa-
TICTB») € OLIBII MEePEHIKOIOCTIKIM, BUXI/I CXEMH CY-
MiCHHUH 3 IN(POBOIO CHCTEMOIO YIIPABIIHHS 0€3 10/1a-
tkoBoro ALIIIL. Kpim Toro, 6inpmiicts cygacHux IMC
JpaliBepiB [UISA CBITIOMIONIB Ta AIMMEpPIB Ma€ K aHa-
JIOTOBHY BXiJ HANpyTH KepyBaHHA, Tak i BXin M -
YIOpaBIiHHA, TaKa CXeMa CIIPOIIye moOyIOBy aBTOMa-
TUYHOI CHCTeMH CTalimi3amii piBHSI OCBITICHOCTI.

OyHKIIIi MepeTBOpeHHs Omopy (HOTOPE3UCTHR-
HOTO JaTyuka B iH(OpMaLiiiHI mapaMeTpu — 4acToTy

FO Ta IIapyBaTiCTh QO BU3HAYAIOTHCS CIIBBIIHO-

MICHHAMMU:
1 (R,+AR)+R,

F, = : (4
° FQ-C-A,Z(Rf+AR)+R2()

0 - 2(R,+AR)+R,
° (R,+AR)+R,
ae A:In(1+2R4/R3).

HesBakatoun Ha BIHOCHY MPOCTOTY PO3IJISIHY-
Tux cxeMm BII, TexHiuHa peaizailist IpUCTPOIB mepe/-
0avae HAsSBHICTh BU3HAUYEHUX IMMOXHOOK MEPETBOPECHHS,
OB’ SI3aHUX 3 PEATbHUMHU TEXHIYHUMH XapaKTEPUCTH-
KaMH €JIEMEHTIB CXEM.

B nificHuii 4yac Oarato iHTENEKTyaJbHUX IpHU-
CTpOiB (IHTENEKTYaJIbHI JaTYMKH, IHTEJIEKTyaJbHI Ie-
peTBOpIOBayYi, aJanTHBHI NMPUCTPOI Ta iHIII) peasi3y-

®)
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I0Th 13 3aCTOCYBaHHSM CTPYKTYPHHX METOJIB IOJII-
IIEHHS TOYHOCHUX Xapakrepuctuk. [Ipu nopanpimomy
PO3MIIsAL CTPYKTYPHOT'O METO/Ty OKPALIEHHS TOYHOCTI
MO3HAYMMO (YHKIIiI0 NepeTBOpeHHs1 ocHOBHOro BII,
napaMmeTpH sikoro nojinuryrorscsi, Ki. Heobxinny ¢y-

X Y +

o=

K,

>Y
+

AY

1I/K
-y Yox

X

> K,
T~ L=
a)

HKIIIO TIepeTBOpeHHs no3Haunmo K. B cTpykrypy mno-
kpauieHoro BIT (puc. 2a) BBenneHo npenn3iiHuii 380po-
THUH mieperBoptoBad 3BII, QyHKUis mnepeTBopeHHs
SIKOTO PiBHA BEJIMYMHI, PiBHIH 3BOPOTHOMY 3HAUCHHIO
HeoOxinHoI QyHKUii neperBopenHs, T00tTo Kok = I/K.

X + Y
K,
AX N

1/K
- K)K

+

0)

Puc. .2. Cmpyxmypa cmiiiko2o mouno2o eiekmpoHHO20 GUMIPIOBAIbHO20 NEPEmBOpIo8ayd

3a ymoBu K1 = K 1 BiICyTHOCTI MOTPIiIIHOCTI Tie-
peTrBopeHHs Oy/ie cripaBeINBe PiBHAHHS:

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

SIKI1I0 Y OCHOBHOT'O BUMIPIOBaJIBHOT'O IEPETBOPIO-
BaYa € MOTPILTHICTh K 1= K+AK 1> TO cHrHamM X
i Yok He piBHI Mk 0000 1 Ha BUXO/i MOPiIBHSIBHOIO

MPUCTPOIO 3'SBUTHCS CHTHAI AX , SIKHH JOpiBHIOE
MPUBEJICHOMY IO BXOJY CHUTHAJY IOTPIIIHOCTI IMepeT-
BOpeHHs. BiH mMomaeThcs Ha BXiJ JOIOMIXKHOTO TIepe-
TBOpIOBaYa, (DYHKIIiA IepeTBOpeHHS sskoro Ko Oim3bka
bi o) HeOOXiIHOT dyHKIii 3 TOYHICTIO

K,=K+AK,

Le#t mepeTBOPIOBAY IEPETBOPUTH CUTHAI TTOTPilll-
HOCTi. Y CyMaTopi CUTHAJI TOTPIITHOCTI IEPETBOPECHHS
AY MiJICYMOBYETBCS 3 CUT'HAJIOM OCHOBHOTO Tiepe-

TBOpIOBaYa. B pe3ysbTari bOro miICyMKOBE 3HAYCHHS
MOTPIITHOCTI ICTOTHO 3MEHIIYETHCSL.

To6T0, CyTh METOLY TOJISITAE B TOMY, 10 32 JIOMO-
MOTOI0 3BOPOTHOTO IIEPETBOPIOBaYa 1 TOPIBHAIHLHOTO
MIPUCTPOIO BU3HAYAETHCS 3HAYCHHS MOTPIITHOCTI, MPH-
BefeHol 10 Bxoxy. CHTHaN MOTPIITHOCTI MEPEeTBO-
PHUTBHCS y BUXIIHHMI CHUTHAJ 33 JIOTIOMOTOIO JIOJATKO-
Boro BII, ananoriuHoro ocHopHoMy. Ha BUXO0/1i 11bOTO
BII 3'sBisieTbes cUTHAN, ONM3bKUN 3a 3HAYEHHSM [0
MOTPIIIHOCTI BUXigHOTO curHaixy ocHoBHoro BIT. ITix-
CYMOBYIOUH CHUTHAII TIOTPIITHOCTI 3 BUXiTHAM CHTHA-
j1oM ocHOBHOTO BII Y BIaeTscs iICTOTHO ITIABUAIIIUTH TO-
YHICTh MEPETBOPEHHS 1 TOJIMIIATH XapaKTEPUCTUKU
BII.

KinmpkicHy OIiHKY BIUIMBY Ha (PYHKIIIIO ITepeTBO-
peHHsI I0JAaTKOBUX (DYHKIIOHAIBHHUX BY3JIB, MPOBE-
JIEeMO Ha TIJICTaBl PIBHSIHb, 1[0 XapaKTEPU3YIOTh CHT-
Halll OKpeMuX (YHKIIOHaJbHUX BY3JiB. [Ipu 11boMy
BPaxoOBYEMO Te, 1110 3BOPOTHHI IIEPETBOPIOBAY MAE IO~
TPIllIHICTh MepeTBOPEHHS 1 3amicTh 3HaueHHs 1/K itoro
GYHKIIST ~ [EepeTBOpEHHS  MOXe  JIOpIBHIOBATH

(K +AK,).

OTpI/IMaHO piBHHHHﬂ JJIA BI/IXiHHOFO CUTHaJlly:

Y=X-|K-

Y=X-K|1-

AKAK, KAK;+AK,AK,; +AK,AK,
+ (6)
K+AK, K+AK,
BpaxoByroum, 1110 Ha IpaKTHII K>>A K3 i K+A K3 ~ K MPOBOJIMMO IIEPECTBOPCHHS
AKlAK2+AK3+AK2AK3+AK1AK3 0

K 2
3 METOI0 MOAANBIIOrO CIPOIICHHS 3HEXTYEMO
CKJIaZIOBHMH, 1110 MICTSTh B 3HAMEHHUKY JIPYTY CTYIIiHb
(yHKIIT TepeTBOPEHHS, MICJIs YOT'0 OTPUMYEMO:

Y=X-K 1+A—KS (8)

TakuMm YHHOM, IPU BUKOPUCTAHHI CTPYKTYPHOTO
MeToAy Kopekuii norpimHicTs BII B mepmry gepry 3a-
JISKUTH BiJl TOYHOCTI OTPUMAaHHS HEOOXiTHOI (PyHKIIT
MEePETBOPEHHS Y 3BOPOTHOTO repeTBoproBada 3sI1.

AGCOIOTHO aHAJIOTYHO MOYHA ITOKa3aTH, IO Cy-
MaTOp BHOCHTH IOTPIIITHOCTI, SIKi HisIK HE KOMIICHCY-
IOTBCS 32 JIOTIOMOTOI0 JaHUX MeToxiB. IlorpimmHicTh

K K?

cyMmaropa anreopaiuHo MiJIcyMOBYBaTUMETHCSI 3 TTOTPi-
LIHICTIO 3BOPOTHOTO MEPETBOPIOBayYa.

TexHiuHI TPYTHOIII CTBOPEHHS BUCOKOSKICHUX
AHAJIOTOBHX CyMaTopiB OOMEXYIOTh MOTEHIIHHI MOX-
JIMBOCTI 3alpOIIOHOBAHOTO METOJY IiJIBUIEHHS TOY-
HoCTi. JlominbHO pearni3yBaTH iX CIIIBHO 3 METOAAMH
3BOPOTHHX 3B’SI3KIB Ta OIIeparii MiCyMOBYBaHHS pea-
J30BYBaTH NA(POBUMHI METOIAMH.

[Tpu HEOOXiTHOCTI HOAATKOBOTO IiABUIIEHHS TO-
YHOCTI aHAJIOTIYHO PO3IIITHYTOMY MOXXHA CTBOPHTHU
JIOIaTKOBO 72 JIAHIIIOTIB KOpeKIIii. J[71s KOXKHOTO 3 TaKUX
KiJT BUXiTHUH CUTHAJI IOBUHEH 3HIMATHCS 3 BUXOAY CY-
Maropa MoInepeHbOr0 KoJa, SKUH BUKOHYE KOPEKIIIO.
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JJ1st pO3MIISTHYTOTO CTPYKTYPHOTO METOLY AJIS 3a-
Oe3reveHHs 1HBapiaHTHOCTI XapaKTEPUCTHK IePETBO-
PEHHSI MOXIIMBO BUKJIIOUHMTH 3 CTPYKTYpH APYTHH Tie-
perBopioBau K>, iteHTnuHuii nepuiomy. Cursain norpi-
HIHOCTI AX, OTpUMaHMi aHAJIOTIYHO TOMY, SIK e 0yJI0
3p00JICHO Y BUMAIKY, POTIIIHYTOMY BHIIE, ITiICYMO-
BY€TbCS 3 BXIJIHUM CHTHAJIOM B CyMaTopi, SIKWil BCTa-
HOBJICHUH Ha BXo#i cxemHu. [Ipu ipomy Oyne mocsaruy-
THH TOW ke e(eKT, M0 1 y MONepeaHbOMY BHITAIKY.
[Ipote BuMoOrH 10 CymMaTopa, BCTAHOBJIEHOTO Ha BXOJI,
pizko 3pocraroTh. Moro HectabinbHOCTI i morpimmocTi
301IBIIYIOTECS B K pa3iB 1 Kojla KOPEKIi iX HiSK He
3MEHINYI0Th. TOMY, HE TUBIISTYUCH HA OYEBUJIHI EKOHO-
MiuHi nepeBaru cTpyktypu BII, aHanoriusi (puc. 26),
Ha MPaKTHIII 3aCTOCOBYIOTH JyKe PilKo.

MOXIIMBOCTI 1HBapiaHTHUX CTPYKTYp €JIEeKTPOH-
Hux BII moku BUKOpPUCTOBYIOThCSA HENOCTaTHBO. Cy-
YacHUU piBeHb PO3BUTKY TEXHOJOTIH MiKpOEIEeKTpO-
HIKH, IPH BUKOPUCTaHHI sIKUX BapTicTh BII Maio 3ame-
JKUTH BiJ KiTBKOCTI BUKOPHCTAaHHWX B HIM €IIEMEHTIB,
POJB CTPYKTYPHUX METOIIB B CTBOPEHHI MMPEUN3IHHUX
enekTpoHHNX BII mocTymoBo 301MbIIy€eTHC.

Ciiz 3BepHYTH yBary Ha Oinbllly, HiX y 3BHYaid-
Hux BII, HaniiiHicTh ctpyktyp. Tak, Ko oquH 3 1e-
perBoproBauiB K/ abo K2 Buiine 3 iany, TO mpare3/a-
THicTh BII 30epekeThesi, Xoua METPOJIOTIUHI XapaKTe-
PUCTHKY BUHIYTH 38 MEXi HODMOBaHUX 3HAUCHb.

BucHoBkn Ta mpomo3mmii. PeamizyBatu mepe-
Baru CTPyKTYpHOTO METOMy HifBUINEHHS TouyHOCTI BIT
BJIA€THCA TIJBKH 38 HASIBHOCTI BUCOKOTOYHUX B3a€EMO3-
BOPOTHHX IIE€PETBOPIOBAYIB 1 BUCOKOSKICHUX CyMaro-
PiB eNEeKTPHYHUX CUTHAMTIB. SIKIIO IHOTO 3a0€3MeYnTH
HE MOXHA, TO €(EKTHBHICTh 3aCTOCYBaHHS CTPYKTYp-
HUX METO/IB ITiABUIICHHS TOYHOCTI Oy/1e HEBEIHUKOIO.

Mero/ NOB'si3aHUN 3 anapaTHOK HAJMIPHICTIO 1
BIJIMIOBITHO OLJIBIIIOK0 BAPTICTIO 1 CKIIAAHICTIO TIPUHIIH-
noBoi cxemu BII. OpHak, cy4acHHid CTaH TE€XHOJOTIH
HIBEJIIOE I1i HEJIOJIKY, 1 KUTbKiCTh mpenu3iiaux BII, B
SIKHX 3aCTOCOBaHI CTPYKTYPHI METO/IY MOMIIIIICHHS Xa-
PaKTEPUCTHK, Oe3nepepBHO 30UTbIyeThes. [Ipu BUKO-
pHUCTaHHI CTPYKTYpHHUX METOIIB ITiIBUIIEHHS TOYHOCTI
JIOBOJIUTHCS TIPEJT IBIISITH >KOPCTKI BUMOTH JI0 TOYHOCTI
i cTabiIBPHOCTI TapaMeTpiB 1 XapaKTePUCTUK (PYHKITIO-
HaJIbHMX BY3JiB, IO BXOAATH 10 cKiany II1 anamoriaHo

TOMY, SIK 1€ JOBOAMTHCS POOMTH B CXeMaXx 3 KOHBEPTO-
paMy HeraTMBHHX OmOpiB 1 mposigHocti. Tomy Ha
MPaKTHII CTPYKTYpHI METOAM 1 METOAM 3BOPOTHOTO
3B'I3KY BUKOPUCTOBYIOTHCSI OZJHOYACHO.

PosrisiayTi B podoTi ocobimBocTi Metoay st BIT
CBITJIOBUX BEJIMYMH JIO3BOJIIIOTH OOMpPATH ONTHMAb-
HUH TPUHIUI TEPETBOPEHHS Ta BU3HAYaTH TEXHIUHI
mapameTpu enemeHTiB BII. IlepcriekTnBoro momanb-
IIUX TOCTiKEHb € po3po0Ka MaTeMaTHIHOI MOZIETI Ta
moJaNbIe KoMl 1oTepHe MonemoBanHa BII 3 mokpa-
IICHAMH XapaKTePUCTUKAMH 3 METOIO pO3pOOKH iHXKe-
HEpHHUX PEKOMEHJIAIN ISl IPOESKTYBaHHSI IIEPETBOPIO-
BauiB.
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AHHOTALIUSA

[IpobiieMa 3KCIITyaTaliii aBTOHOMHBIX BETPO-COTHEYHBIX 3JICKTPOCTAHIINHN, CBA3aHHA C BO3MOXKHBIMH HEHC-
MPaBHOCTAMUH aBTOHOMHBIX AaCMHXPOHHBIX I'CHEPATOPOB BETPOYCTAHOBKU. CaMbpIMH pacnpoCTpaHCHHBIMH HECUC-
IMMPAaBHOCTAMMU ABJIAIOTCA 3aMKHYTBIC Ha KOPOTKO BUTKH o6oMoTKH. IMes HeOOoIbIIoE UX KOJIMYECTBO (He Ooxee 5
%), TeHepaTop MpoaoIDKAaeT CBOO padoTy. [Ipu 3ToM HabNrOMaeTCs meperpeB 0OMOTOK, YTO MOXKET MOCTYXHTh
HpI/I‘{HHOfl BbIXO4a U3 CTPOA 3HeKTpI/I‘I€CKOI>‘I MalllrHbl, BOBHUKHOBCHHA BO3IrOpaHUs 1M, Ha KOHCL, HAPYIICHUSA CU-
CTEMBI 3JI€KTpOCHa6)I(eHI/I$I B IICJIOM. HeO6XO,I[I/IMO ANarHoCTUpoOBaTh JaHHBIC BUbL HeHCHpaBHOCTefI, TO €CTb IIO-
JYYUTH COOTBETCTBYIOUICH MHPOPMALIUU 00 MapaMeTpaxX TOKOB M HANPSDKCHUH TeHepaTopa.

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: OKCIlTyaTalusd, BETPO-COJTHEYHAA SJICKTPOCTAHIIMA, BUTKOBBIC 3aMbIKaHHSA B 00MOTKE

c¢raTropa, ABTOHOMHBIN aCI/IHXpOHHHﬁ reHeparop.

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

generator.

MupoBas TeHAEHIHS pocTa Tapu(oB Ha HIEKTPO-
SHEPTHI0, KOTOpasi CBS3aHa C IOCTOSHHBIM yIOpOXKa-
HUEM HE BO30OHOBIISIEMBIX SHEPTETUUYECKUX PECYPCOB
TJIAHETHhI, BEJET K TOMY, YTO MBI BCe Ooliee peliu-
TEJFHO M HATIOPHUCTO PEIIAEM BOIIPOCHI HCTIOIb30BAHHSI
aJbTEpHATUBHOW SHEPreTMKU B Hamied xu3Hu. Og-
HUMU U3 TAKHX «JIapPMOBBIX» DHEPTETHUECKUX PECyp-
COB JUI 4YEJIOBEUYECTBA U SBIISIIOTCS HEUCCIKaeMas
SHEPIHsI BETPa U COJTHIIA.

OpHako y4YeHBIC NPHUILIH K BBIBOIY, YTO KOM-
IJIEKCHOE MX MPUMEHEHHE B MPOMBILUIEHHOCTH WIH
YaCTHOM CEKTOpe — HaMHOro 3¢ dexTuBHEH, HEXenH
MIPUMEHEHHE ATHX DHEPropecypcoB MOpo3Hb. Mcxons
U3 TaKUX COOOpa)KEHHS, Ha CBET U POAMIIACH UL CO-
3MaHUS MOOWJIBHBIX BETPO-COTHEUHBIX THOPUIHBIX
JJIEKTPOCTAHINH, WCIONB3YIOMNX, KaK BBl YK€
HaBEPHO MOHSUTH, B KAYeCTBE SJHEPTOHOCUTENIEH — SHEP-
THIO BETPa U COJHIIA.

JlaHHBIA THIT MOOMIIBHBIX 3JEKTPOCTAHIIMN — SB-
NsieTCS THOPUIHON CHCTEMO HAKOITUTEIFHOTO MHBEP-
TOPHOTO THIIA, PaOOTAOMICH B KOMITJICKCE KaK Ha BO3-
OOHOBIISIEMBIX TPHUPOJHBIX JHEPropecypcax, KOMMH
SIBJISTIOTCSI JUTSL Y€JI0BEYESCTBA BETEP M DHEPTHUS COTHEY-
HOT'O M3IYYCHUS, a TAKXKE U C UCIOJIH30BAHUCM JKHUJI-
KOT'0 TOTLIINBA.

s ycnosuid, k npumMepy, Poccuu, a B 0coOeHHO-
CTH €€ CpeIHEH MOJIOCHI, Te KOJWYECTBO BETPSHBIX
(TTacMypHBIX) ¥ COJHEYHBIX JTHEW B TOXY MPHUMEPHO
OJIMHAKOBO, IPUMEHECHHE TAKUX THOPUIHBIX BETPOCOI-
HEYHBIX JJEKTPOCTAHINN HEOOJBIIOW MOIIHOCTH —
MIPOCTO HICANFHBIN BAPUAHT /IS €70 MCIIOF30BaHHA B
YaCTHOM CEKTOpe.

Takast ruOpuIHas 3MEKTPOyCTAaHOBKA IO BBIpa-
OOTKE DJIEKTPOIHEPTHUH, CIIOCOOHA OOeCIeYnTh CTa-
OMIBHOCTH €€ IMOCTYIUICHHS B CETH HEOONBIINX KOTE-
JUKHBIX TIOCEJIKOB, 3arOPOHBIX JOMOB U HEOOJIBIIOrO
94acTHOTrO OM3Heca.
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AKKYMYJISIHS SJHEPTUH, TOITy4eHHON OT «I1epBO-
HNCTOYHHUKOB», B 9TUX DHEProCUCTEMAX — MPOUCXOAUT
B aKKyMYJISITOPHBIX OaTapesiX, ¢ X HampspkeHuem 12
unu 24 Bonast. Jlanee, 3TOT NOCTOSHHBINA TOK C aKKy-
MYJIATOPHBIX OaTapel CTaHIMH, ITOCPEACTBOM HHBEp-
Topa, mpeodpasyercs B Hanpspkerne 220. B cunoBoi
3JIEKTPUUECKOH ceTH U yacToTol Toka 50 ',

OJNeKTPOCTaHIMK [AHHOTO THIIA IIperHa3Hada-
FOTCS ITIs1 SHEPTOMmoTpeOnTENeH SIEKTPHIECKUX OBITO-
BBIX CeTeW MepeMeHHOro Toka ¢ yactotoit 50 I'm u
HanpsbkeHneM B cetr 220 B, a Taxke moTtpebureneit
MOCTOSIHHOTO TOKa ¢ HampshkeHueM 12, 24 u 48 Bonbr.
Hcnonb30BaThesl TaKUe IJIEKTPOCTAHIUHA MOTYT, KaK B
CTallMOHAPHBIX YCJIOBHUAX IMPU UX MOAKIIOYEHUU K CYy-
IIECTBYIOIIMM OBITOBBIM 3JIEKTPOCETSIM, @ TAKXKE U JJIS
YCJIOBUI BOSHUKHOBEHHS aBapUHHBIX MM Ype3BbIUaii-
HBIX CUTYallli — B Ka4eCTBE aBapUHHO-PE3EPBHOTO HC-
TOYHHKA SHEPTOCHAOKEHUS.

Kak ykasano B [1, c. 2], o ceit neHp Bce emie ax-
TyaJIbHBIM OCTACTCSl BOIPOC MCIIOIb30BAaHHS aBTOHOM-
HBIX aCHHXPOHHBIX TeHepaTopoB (AAI’) ¢ eMKOCTHBIM
BO30Y’KI€HHEM B BETPOIIICKTPHUUECKUX yCTAHOBKAX.

ACUHXpOHHBIE T€HEePaTOphl yCTOMYUBEI K KOPOT-
KHMM 3aMBIKaHUSIM, a yCTPOMCTBAa aBTOMATUYECKOU pe-
TYJIUPOBKHU  HAIPSKCHUA  CIUIAXKHMBAIOT  II€pEIiaibl
HarpspkeHus. [1oaToMy OHM 0COOEHHO BOCTPEOOBaHBI
JUISL DJIEKTPOCBAPKH W TUTAHUSI aKTHBHBIX HAarpy3oK.
KoHerpykuus Takux arperaToB 0osee mpocrasi, a caMu
OHU 0OoJIee HaZeXKHBIE U JOJITOBEYHbIE.

Knupdakrop acMHXpOHHBIX arperaTtoB COCTaB-
nset He O6onee 2%, U 3TO 0003HAYAET, YTO OHH BBIpA-
0aTBIBAIOT DJIEKTPOIHEPTHIO IMPAKTHIECKH Oe3 Bpes-
HBIX COCTaBIAIOMKX. [I03TOMYy mpH HCIOIB30BaHUU
TaKMX arperaTtoB TEJICBH3NOHHBIC MPUEMHUKH, HCTOY-
HUKH OecniepeOOHHOro MuTaHus padoTalT YCTOWYH-
Bee, a CBApOYHBIE alnapaThl 00eceynBatoT doliee Ka-
YECTBEHHBIN LI0B.

PoTopbl acCHHXPOHHBIX T€HEPATOPOB MPOU3BOASAT
HEe3HAYMTENIbHOE TEIUIOBBIJeNIeHne, He Tpelyroriee
OXJIQXKIICHUS, YTO MO3BOJISIET IepMETU3UPOBATH BHYT-
PCHHIOIO TIOJIOCTH arperara. biaromapst aTomy 3Hauu-
TEJIFHO pacmmpsieTcsi cdepa MCIONb30BaHUS arpera-
TOB, KOTOPBIE MOTYT 3KCIITyaTHPOBATHCS B YCIOBHUIX
MOBBIIIIEHHOH 3albUICHHOCTH W BBICOKOH BIIQKHOCTH.
Takast repMeTH3anys cocoOCTBYET U 0oJee MpoaoII-
KHUTEIBHOMY CPOKY CIY>KObI 3neKTpocTaHimii. [lpn
OKCIITyaTalliid aCUHXPOHHBIX TCHEPATOPOB JIOITyCKa-
eTcsl MOJKIIOYEeHHE K pasHbiM (azam mnoTpeOuTeneit
pa3HOi MOIIHOCTH (JOIMYCTHMOE 3Ha4eHHE HepaBHO-
MEpPHOCTH Harpy3ok mno ¢asam cocrasisier a0 70%),
YTO TMPAKTUYECKH HEBO3MOXKHO B CITydae HCIOJIb30Ba-
HUSI CHHXPOHHBIX arperaTos.

BerporenepaTopbl 31E€KTPOCTaHINNA HUCTIONB3YIOT
100 JUTSA 3apSAAKHA aKKyMYJISATOPOB, JTN0O KaK HE eIUH-
CTBEHHBIE B CHCTEME, T.€. IEPETPY30K B CUCTEME C BET-

poreHeparopamu ObITh HE JOJKHO, TIOITOMY U UCIIOJb-
3yIOTCSl TPOCThIe, d(PPEKTUBHBIE U HaJIEXKHBIE ACUH-
XpOHHBIE TeHEepaTopsl. B npyrux cucremMax yacto HET
0y(hepoB (aKKyMYJISATOPOB) IOATOMY BEPOSITHOCTH BO3-
HUKHOBEHUS IIEPETPY30K JOCTATOYHO BBICOKA, YTO M HE
AT UCTIOIH30BATh ACHHXPOHHBIE TEHEPATOPEI.

ACHHXpOHHBIE TEHEPATOPHI TAK)KE MOJBEPKECHEI
pa3TMYHBIM TEXHHUYECKUM HEIOCTaTKaM Kak, HampH-
Mep, HecTaOMITBHOCTHIO HanpsoKkeHus. Kpome Toro, xak
OTMEYEHO B [2, ¢.3], CyIIecTBYeT emle 0JHa BO3MOXKHAS
TeXHAYECKas MpobiieMa SKCIUTyaTalldil JaHHOTO BHUAA
TeHEPaTOPOB, CBA3aHHAS C BO3MOKHBIMHU ITOBPEIKICHH-
sIMA B ero obMoTkax. Tak, B KOPOTKO3aMKHYTOH 00-
MOTKE POTOpPa BO3MOXKHO HAJIMYUE ITOBPEIKIESHHBIX
cTepkHed. JlaHHBIH B TOBPEXICHUS Ha3bIBAETCS 00-
PBIBOM CTEpIKHSI M MOXKET BO3HHKATh M3-32 Pa3INUHBIX
NIPUYMH, HaIpUMep, N3-3a MeperpeBa reHepaTopa.

B oOmoTke ke craropa, 9ro ommcaHo B [3, c.2],
TaKk)Ke BO3MOYKHO BO3HHKHOBCHHE Pa3JIMYHBIX MOBpPE-
skaeHuil. Cpenu aHHBIX HEUCHPAaBHOCTEM CaMbIMHU
pacupoCTpaHEeHHBIMH SBIISIIOTCST 3aMKHYTBIE Ha KO-
pOTKO BUTKH 0OMOTKHU. VIMest HeOOIpIIoe uX KOoJImde-
cTBO (He 6onee 5 %), TeHepaTop Mpo0HKAeT CBOIO pa-
6oty. [Ipu aToM HabmoaeTcs meperpeB 0OMOTOK, UTO
MOXKET MOCIY>XUTh NPUYMHON BBIXOJIAa U3 CTPOS IJIEK-
TPUYECKOW MallMHBI, BOSHUKHOBEHUSI BO3TOpaHUS H,
Ha KOHEIl, HapyIIeHUs] CUCTEMBI 2JIEKTPOCHA0KEHHS B
esioM. ITo Bce 00yCIaBIMBacT HEOOXOIUMOCTD JHa-
THOCTHPOBAHUS JAaHHBIX BHIOB HEHWCIPAaBHOCTEH, TO
€CTh TOJYYCHHsI COOTBETCTBYIOIICH MH(pOpMaImu 00
M3MCHCHUH TOKOB W HAIPsDKCHWH TeHeparopa. 3Has
COOTBETCTBYIOIIYIO HH(POPMALINIO, MOKHO JTHATHOCTH-
pOBaTh JAHHEIA BU HApyIICHUS HOPMAIBHON pabOTHI
TeHepaTopa Ha paHHEeH CTaluu U, COOTBETCTBEHHO, BO-
BpeMsi  YCTPaHHTh KOHKPETHYIO  HEHCIPaBHOCTb.
Kpome Toro, 3ToT MOMEHT npHoOpeTaeT 0co0yI0 Baxk-
HOCTb B CBETE TOTO, YTO MPU BBIXOJIE M3 CTPOSI DIEKT-
POYCTaHOBKH C T€HEPaTOpOM, MbI IOJy4aeM COOTBET-
CTBYIOIIWIT TEXHOJIOTHUECKHUH yIIepOo.

Jlnst  acMHXpOHHBIX 3JIEKTpoJBUTaTENed ObLn
MIPOBEICHBI UCCIIEAOBAHNS TOKOB ITPH BHYTPEHHHUX I10-
BPEXKICHHUAX HKCIIEPUMEHTAIBHO U MOJICINPOBAHUEM.
B co3ganuu ycTpoicTB peneiiHON 3aIMThl aCHHXPOH-
HBIX TEHEPaTOPOB TPYAHOCTD 3aKIIOYACTCS B TOM, UTO
MTOKa MaJjio MCCIIEIOBAHbI POLIECCH TIPH BHYTPEHHIX
kopoTtkux 3ambikaHusx (K3) B oOMoTke craTopa reHe-
paropa ¥ He onpe/esieHbl HHPOPMAaTHBHBIE TAPAMETPBI
WM NPU3HAKH, XapaKTEePU3YIOLINE COOTBETCTBYIOIINE
noBpexaeHus [ 1, c.1].

Jnst skcnepuMeHTa ObUla MOATOTOBJIEHA yCTa-
HOBKa C aCHHXPOHHBIM F€HEPaTOPOM, BHIITOJTHEHHAs HA
0a3e aCHHXPOHHOT'O 3JIEKTPOJBUTaTENsl C KOPOTKO3a-
MKHYTBIM potopoMm Thia 4A100S4Y3 (3 xBr, 1435
00/muR) [1, c.1]. Cxema ycTaHOBKH H300paxkeHa Ha pH-
cyHke 1.
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Pucynox 1 - Cxema sxcnepumenmanvHol yCmaHosKu

IIpn ucnonb30BaHMM aBTOHOMHOIO ACHHXPOH-
HOTO TeHepaTopa €ro NMpHUBOJ MOXET UMETh Pa3inud-
HYI0 MEXAaHHYECKyK XapaKTepUCTUKYy. XapaKTepH-
CTHKa MOET OBITh <OKECTKON», KOTAa YMCII0 000pOTOB
MIPAaKTUYECKH HE 3aBHCUT OT HATPY3KU, U «MATKON»,
MIPH CYIIECTBEHHOM 3aBHCHMOCTH dYHCIa 00OpPOTOB
MPUBOJA OT €T0 HArPY3KH.

B skcnepumeHTe aCUHXPOHHBIM T'€HEpaTop HpH-
BOJIMJICS] BO BPAILICHNE IBUTATEIEM IIOCTOSIHHOTO TOKa
(puBOJ reHepaTopa C «MSTKOI» MEeXaHHMYECKOW Xa-
PaKTEPUCTUKOM, MHIEKC «2»,) WM aCHHXPOHHBIM J[BH-
rareneM (IIPUBOJ TEHEPATOPA C GKECTKOM» MeXaHUde-
CKOM XapaKTepUCTUKOW, MHJIEKC «1»). MOImHOCTh npH-
BOJHBIX JIBUTaTedell Oblia com3Mepuma ¢ MOIIHOCTh
ACHHXPOHHOTO TreHepaTopa. HampsbkeHue rereparopa
Ha MOMEHT 3aMBIKaHUsI TTOJIEPKUBATOCH paBHBIM 220
B.

HckyccTBeHHBIE 3aMBIKaHUS MEXAY Pa3IHYHBIMU
BUTKaMH B ()a3HBIX OOMOTKaX aBTOHOMHOTO aCHHXPOH-
HOTO TeHEepaTopa CO3/1aBaiCh C TIOMOIIBIO CIICIHATb-
HBIX, TIPEIBAPUTENBHO BBIBECHHBIX HAPYXXy U3 J1000-
BOM yacT OOMOTKH CTAaTOPa, BBIBOJIOB.

OnbITEl TOKa3aJH, YTO MPH BUTKOBBIX M MEX-
ny¢asueix K3 B 0OMoTKe craropa ¥ MajioM 4HcIe 3a-
MKHYBIINXCSl BATKOB T'€HEpaTop He TepsieT BO30yxie-
HHS, a TOK B KOPOTKO3aMKHYTOH 4acTH OOMOTKH yBe-
mnuuBaercda B 5-10 pa3 mo cpaBHEHHIO ¢
HOMHHAIBHBIM. ['eHepaTop Tepsier BO30YXIEHHE
TosbKO NpH 15-30 % 3aMKHYTBIX BUTKOB B 3aBHCHMO-
CTH OT Harpy3Kd W BEIMYUHBI EMKOCTH BO30YXKICHNS.
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Ha pucynke 2 nmoka3aHsl KpUBble U3MEHEHUS TO-
koB K3 AAT" ¢ mpuBOAaMu, UMEIOIIUMH «MSTKYIO» U
(OKECTKYIO» XapaKTepPUCTUKU B 3aBHUCUMOCTH OT MPO-
LIEHTHOTO COOTHOIIEHMS YHCIIa 3aMKHYTBHIX BHTKOB K

YHCITy BUTKOB B (paze (W , %0).
W= W, /W,
Wk - 4ucio

- YUCIIO BUTKOB B (haze.

rac 3aMKHYTBIX BUTKOB,

Wo

W3 maHHBIX SKCTIEpUMEHTa BUIHO, YTO BHE 3aBH-
CHMOCTH OT BHJAa NPHBOJA TOK B 3aMKHYTBIX BUTKax
YMEHBIIAETCS [IPU UX YBEINYEHUH. Y MEHBILICHNAE TOKA
IIPU MAaJiOM YHCIIEe 3aMKHYBIIUXCS BUTKOB OOYCIIOB-
JICHO BJIMSHUEM COIIPOTHBIICHHS MIPOBOJHHUKA 3aKOpa-
YHBAIOIIETO BUTKU.

TaxkuMm 00pa3oM, B pe3yibTaTe 3KCIEPHUMEHTANb-
HBIX UCCJIEIOBAaHUI YCTAHOBJICHO, UTO NMPH HAJTUYUH B
CTaTOPHOW OOMOTKE aBTOHOMHOT'O aCHHXPOHHOTO Te-
Hepatopa 3 — 15 % KOpOTKO3aMKHYTBHIX BUTKOB OH HE
TepsieT BO30YKIECHHS ¥ MPOJIOJDKAET MMUTATh HATPY3KY.
ITpu aTom Tok B K3 BUTKax MpeBbIIaeT HOMUHAIBHBIN
B 4 — 7 pas. IloaToMy /Ul aCHHXPOHHBIX I€HEPATOPOB
Ut 0€30MacHON HKCIUTyaTalluy aCHHXPOHHBIX T€Hepa-
TOPOB B THOPHIHBIX YHEPrOyCTAHOBKAX, OHH JOJDKHBI
HMMETh HA/ICKHYIO 3aIIUTY OT Pa3INIHBIX HEUCIIPABHO-
CTell, BO3HHUKAIOIINX B X 0OMOTKaX.

30 40 W%

Pucynox 2 — Kpuevie usmenenuss moxos K3 sumroe AAL: 1 — npusod ¢ «dicecmroiy xapakmepucmukoii; 2 —
npuUBoo ¢ «MASKOU» XAPAKMEPUCMUKOU
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W3 naHHBIX KCIIEPUMEHTA BHIIHO, YTO BHE 3aBH-
CHUMOCTH OT BHJA NPHBOJIA TOK B 3aMKHYTBIX BUTKax
YMEHBILIAETCS IPU UX YBEINYEHUH. Y MEHBILICHUE TOKA
IpYU MaJloM YHCIIe 3aMKHYBIIUXCS BUTKOB OOYCIIOB-
JICHO BJIMSTHUEM COIIPOTHBIIEHHS IPOBOJHHMKA 3aKOpa-
YHBAIOIIETO BUTKH.

Takum 0Opazom, B pe3ynbTare SKCHEPHUMEHTAb-
HBIX MCCIICIOBAHUH YCTAaHOBIICHO, YTO IPH HAIWYNH B
CTaTOPHOW OOMOTKE aBTOHOMHOTO aCHHXPOHHOTO Te-
Heparopa 3 — 15 % KOpPOTKO3aMKHYTBIX BUTKOB OH HE
TepsieT BO30YXKICHUS M POJOIDKAET MUTATh HATPY3KY.
ITpu 3Tom Tok B K3 BUTKax MpeBbIIaeT HOMUHATBHBIN
B 4 — 7 pa3. [loaToMy Ui aCHHXPOHHBIX T€HEPaTOPOB
JUIs 6e30IacHOM IKCIUTyaTallui ACHHXPOHHBIX TeHepa-
TOPOB B TMOPHUIHBIX YHEPrOyCTAHOBKAX, OHH JIOJDKHBI
MMETh Ha/ISKHYIO 3alUTy OT Pa3JINuHbIX HEUCTIPABHO-
cTell, BO3HUKAIOIINX B HX 0OMOTKaX.

B nactosimee Bpemst MMeeTcsi BO3MOXKHOCTD HC-
MOJIb30BAHMS YCTPOWCTB 3allUTHl PEarupyromux Ha
HECHMMETPHUIO MarHUTHOTO TI0JIS1 BHYTPHU I'eHepaTopa B
cirygae BuTkoBoro K3 B craTopHoit 06MoTKe (TIpH pasz-
MELICHUN KOJIbIIa, OXBAUY€HHOTO (eppOMarHUTHBIM
CEpJICUHUKOM, BHYTPH AJIEKTPUYECKON MAaIIuHBI) [5,
c.2].

Bo3MoOXHO mOCTpoeHue Apyrux 3alluT, Hamnpu-
Mep, pearupymouMx Ha BHOpalMIO Koplyca reHepa-
TOpa B ClTy4ae MOBPEXIeHHUsI 0OOMOTKH CTaTOpa HUIIU PO-
TOPHOH O0OMOTKHM. B KadecTBe YyBCTBUTEIHHOI'O
YCTPOWCTBA 3aILUTHI, MO3BOJIAIOLIETO OHNPENEHATh U
BUTKOBBIE 3aMbIKaHNSI OOMOTOK CTaTOpa aBTOHOMHOTO
ACHHXPOHHOT'O T€HEPATOPa, UMEETCS BO3MOXKHOCTH HC-
MIOJIb30BaTh YCTPOICTBO, OCHOBAHHOE HA MCIOJIB30Ba-
HUH JJaTYNKa BUOpAIUU, KOTOPBIM KPETUTCSI Ha KOPITYC
reHeparopa.
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PRIMARY SCHOOL-AGED CHILDREN EVACUATION FROM SECONDARY EDUCATION
INSTITUTIONS WITH INCLUSIVE CLASSES

AHHOTANUA

Kovalyshyn V.,

Khlevnoy O.,

Haryshyn D.

Lviv State University of Life Safety
Lviv, Ukraine

B npotiecce co3nanus MHKIIO3UBHOM 00pa30BaTeIbHOM CPeJibl PEXKIE BCEro HEOOX0JMMO 00eceuuTh 0e3-
omacHsIe ycioBust 00yueHus. COop 1 00pabOTKa CTATHCTUYCCKUX JAHHBIX O TapaMeTpax IBHKCHUS IBaKyallliOH-
HBIX MIOTOKOB C MHKJTFO3MBHBIX KJIACCOB SIBIISICTCS aKTYalbHOW 3aaucii.

B craTthe mpejicTaBieHBI PE3yNBTAThl IKCIIEPUMEHTAIBHBIX UCCICIOBAHUN MapaMeTPOB JIBHXKCHHS JETeH
MITAJIIIETO ITKOJIFHOTO BO3pacTa Ha TOPH30HTANBHBIX yUaCTKaX ITyTH IPH IBAKYyaIlUH U3 YIPESKICHUN MTKOIEHOTO
00pa3oBaHUs ¢ WHKIFO3UBHBIMHU KIIACCAMH. Y CTAaHOBJICHBI 3aBHCHUMOCTH CKOPOCTH W MHTEHCUBHOCTHU JIBHYKCHUS

OT UX IUIOTHOCTH Ha FOPU30HTAJIBHBIX YUaCTKaxX IMyTH.
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.

KaroueBble ciioBa: HavaibHas IIKOJA, IETH C OCOOBIMU 00pa30BaTENbHBIMHU OTPEOHOCTSAMH, UHKIFO3UB-
HBIN KJI1acC, 59BaKyalus, HaTYpPHBIC Ha6J‘IIOI[eHI/I$I, OKCIICPUMECHT, CKOPOCTh, INIOTHOCTh, MHTCHCUBHOCTb.
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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.
Kliipfel, 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— , IPH D> DOj 1)
Oj
qu :VDjD O]
where
VDJ- is the speed of movement in the flow along

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

(p; - the intensity of the movement in the flow on

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?);

Vo i~ the average value of the speed of free move-

ment of people on the j-th section at the corresponding
value of flow density, m/min.;

a i coefficient that reflects the degree of influ-

ence of human flow density on its speed during move-
ment on the j-th section of the route.

According to the results of research, the depend-
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, , Vj; are presented in table 1.

Table 1
Values of @;, Dy, V;
Route type Flow type a ) EZ)OJ' 2 VOJ'_'
m4/m m/min
Horisonl Primary school-aged childen (2 peopleon 1" 255 | 001 %
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:

Vi = 46{1—0, 288-In O—[())AJ

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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