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IMPACT OF GLOBAL CLIMATE CHANGE ON THE CARBON
BALANCE OF MOUNTAIN-FOREST SOILS IN THE LANKARAN-
ASTARA REGION

Abstract. The study is dedicated to investigating the impact of global climate change
on the carbon balance of mountain-forest soils in the Lankaran-Astara region. This
unique ecosystem, part of the Hyrcanian forests, is included in the UNESCO World
Heritage List. The research was conducted in 2023-2025 on the southeastern slopes
of the Talysh Mountains, at altitudes ranging from 200 to 1800 meters. Total carbon,
organic carbon, CO: emissions, and physico-chemical parameters were determined
in soil samples, and RCP scenarios were used for climate projections. The results
show that over the past 50 years, the average annual temperature has increased by
1.2°C, and precipitation has decreased by 8-10%. According to projections, by 2100,
the temperature may increase by 2.5-4.5°C, and precipitation may decrease by
15-20%. The total carbon stock of soils ranges from 120 to 380 tC/ha. The highest
values are observed in mountain-forest brown soils (320-380 tC/ha) and on northern
slopes. CO: emissions range from 0.8 to 3.2 g C/m*/day, with the maximum recorded
in the summer months. A high positive correlation (r=+0.72) exists between CO:
emissions and soil temperature. Under the influence of climate change, CO: emissions
are projected to increase by 25-45%, and soil organic carbon stocks are projected to
decrease by 15-30% by 2100. These changes may pose a threat to the ecosystem
sustainability of the Hyrcanian forests. The obtained results can serve as a scientific
basis for developing climate change adaptation measures and forest management.
Keywords: global climate change, carbon balance, CO: emissions, mountain-forest
soils, Hyrcanian forests.

https://doi.org/10.32347/2411-4049.2026.1.7-19
Introduction

Global climate change is one of the most important environmental problems of
the 21st century. According to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC), the global average temperature has increased
significantly over the past 50 years, and sharp changes in precipitation regimes have
been observed [11]. These changes have a serious impact on natural ecosystems,
especially forest biomes. Forest ecosystems play a crucial role in climate regulation:
through processes such as carbon sequestration, albedo modulation,
evapotranspiration, and cloud formation, they contribute both to the global carbon
cycle and to local/regional climate dynamics [5].

© T. Ahadov, 2026 .
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Climate change affects the carbon balance of soils both directly and indirectly.
Direct effects consist of changes in microbial activity, the rate of organic matter
decomposition, and plant development due to alterations in temperature and moisture
regimes [6]. As temperature increases, microbial activity generally increases, which
can lead to faster decomposition of organic matter and the loss of soil carbon to the
atmosphere in the form of CO: [4]. Changes in precipitation patterns — prolonged
droughts, more intense rainfall, or shifts in seasonality — affect soil moisture, altering
the balance between aerobic and anaerobic microbial processes [24].

Climate change directly affects the carbon storage capacity of forests. The
response of forests to climate change manifests in various forms, including shifts in
species distribution ranges, changes in net primary production (NPP) and net
ecosystem production (NEP), the spread of pests and diseases, and the effects of
elevated CO: concentrations [17]. Because forests are composed of long-lived
organisms, their response to climate change takes a long time, and these responses
can last longer than the climate changes themselves [24].

Soils play a crucial role in carbon storage within forest ecosystems. Research
indicates that up to 70% of the total carbon stored in forest ecosystems is concentrated
in the soil [7]. Soils act as the primary reservoir for long-term storage of atmospheric
carbon and significantly influence the global carbon balance [14]. According to studies
conducted in British forests, the amount of carbon stored in the soil is, on average,
2-3 times greater than that stored in the above-ground tree biomass [19].

Indirect effects occur through changes in tree and understory vegetation,
disruption of nutrient cycles, and various disturbances such as fires, extreme storms,
floods, and insect outbreaks [ 13]. These complex interactions can reduce the stability
of soil carbon over the long term.

Soil organic matter is the most important component influencing soil structure,
water holding capacity, stability, the retention and cycling of nutrients, and oxygen
availability [21]. Soil carbon is formed as a result of the balance between the addition
of plant-derived organic materials (above-ground and below-ground litter, root
exudates) and other microbial materials, and losses through decomposition, leaching,
and erosion [23].

Elevated CO: concentrations (eCO-) and global warming are the main drivers of
climate change and have a profound impact on soil carbon and nitrogen dynamics.
Elevated CO: increases plant photosynthesis, biomass production, and below-ground
carbon inputs, potentially stimulating the accumulation of short-term soil organic
carbon. However, it also alters microbial activity and nutrient demand, often leading
to nitrogen limitation and a priming effect that accelerates the decomposition of soil
organic matter [22].

The carbon balance of soils is defined as the difference between the carbon inputs
to and outputs from the soil. According to the Ex-Ante Carbon Balance Tool
(EX-ACT) methodology developed by FAO, the carbon balance encompasses
changes occurring in five quantifiable carbon pools: above-ground biomass, below-
ground biomass, litter, dead wood, and soil [9].

Separating the components of ecosystem respiration (RECO) and identifying the
main factors influencing its variability is of great importance in studying the carbon
balance. Soil respiration (RS) and its autotrophic and heterotrophic components
constitute the main part of RECO. The CO: flux from the decomposition of woody
debris and leaf litter also makes a significant contribution to RECO. It has been
determined that soil temperature and moisture have a primary influence on the

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



~9~

temporal variability of CO: flux. The spatial variability of soil respiration, on the
other hand, is associated with the bulk density and C/N ratio of the topsoil layer.
Forest parameters such as the number and density of trees, leaf area index, and root
biomass are insufficient to explain this variability [8].

Subtropical forest ecosystems are characterized by high productivity and rapid
organic matter cycling. In these ecosystems, the amount of soil carbon varies widely
depending on climatic conditions, soil type, forest age, and species composition [ 14].
In humid subtropical forests, soil organic carbon stocks can range from 100 to
250 tC/ha, which is considerably higher compared to temperate forests [7].

The vertical distribution of soil carbon is also of great importance. 40-60% of the
total carbon is concentrated in the topsoil layers (0-30 cm). As depth increases, the
amount of carbon decreases, but the proportion of stable forms increases [12]. The
fraction composition of soil carbon determines its sensitivity to climate change:
rapidly decomposing fractions (particulate organic matter) respond more quickly to
temperature, while stable fractions (mineral-associated organic matter) are more
resistant [23].

Changes in precipitation patterns alter soil moisture, thereby affecting carbon
dynamics. Under drought conditions, microbial activity decreases, and the
decomposition of organic matter slows down. Excessive moisture, on the other hand,
can create anaerobic conditions leading to methane emissions [24]. An increase in
the frequency of extreme precipitation events and drought periods reduces the
stability of soil carbon [15].

Materials and methods

The research was conducted during 2023-2025 in the Lankaran-Astara economic
region, on the southeastern slopes of the Talysh Mountains. The Lankaran-Astara
economic region is located in the southeast of the Republic of Azerbaijan, on the
western coast of the Caspian Sea. The economic region is bordered by the Caspian
Sea to the east and the Islamic Republic of Iran to the west and south. The study area
is situated between coordinates 38°24' - 39°24' North latitude and 47°58' - 49°00'
East longitude [18].

The research area has a complex geomorphological structure, with the Lankaran
Lowland and the Talysh Mountains being the main orographic units [2]. The annual
precipitation ranges from 1200 to 1750 mm, which is the maximum recorded in
Azerbaijan [10].

Soil samples were collected over four seasons (spring, summer, autumn, winter)
during 2024-2025. Each season, soil samples were collected from the same research
sites (10x10 m test plots established in previous studies). Samples were taken from
four depth intervals:

- 0-20 cm (top humus layer)

- 20-40 cm (lower humus layer)

- 40-60 cm (transition layer)

- 60-100 cm (layer near the parent rock).

Composite samples were taken from 5 different points (using the envelope
method) for each depth interval. Soil profiles were dug to a depth of 1.5 m at the
research sites, and genetic horizons were described in each profile. In the field,
samples were cleaned of stones, plant residues, and large roots, placed in sterile
polyethylene bags, and transported to the laboratory. For the measurement of carbon
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dioxide emissions, samples were stored at 4°C and analyzed within 24-48 hours. For
physicochemical analyses, samples were air-dried under natural conditions, passed
through a 2 mm sieve, and homogenized [3].

The total carbon content was determined using the dry combustion method with
an "Elementar CNS analyzer" (vario MACRO cube, Elementar Analysensysteme
GmbH, Germany). For the analysis, air-dry soil samples were ground in an agate
mortar and passed through a 0.25 mm sieve. Samples were combusted at 950°C in
an oxygen stream, and the amount of released CO- gas was measured with a thermal
conductivity detector [20]. The results were expressed as a percentage.

The organic carbon content was determined by the Tyurin method. The method
is based on the oxidation of organic matter with a 0.4 N K>Cr.O- solution upon
heating. The amount of unreacted chromic acid was determined by titration with
Mohr's salt. For the determination of organic carbon in calcareous soils, carbonates
were previously decomposed with a 10% HCI solution [3]. The results were
expressed as a percentage.

CO: emissions from the soil were measured both in the field and in the laboratory.
CO: emissions were measured using the closed chamber method with the
"LI-COR 8100" portable soil respiration system (LI-COR Biosciences, USA).
At each research site, 5 polyvinyl chloride rings (diameter 20 cm, height 10 cm) were
inserted into the soil to a depth of 5 cm and kept in place throughout the measurement
period. Measurements were performed in triplicate each season [16].

The amount of CO: released from soil samples was determined by the alkali
absorption method. 100 g of air-dry soil was placed in 1-liter glass jars, moisture was
adjusted to 60% of field capacity, and incubated at 25°C for 7 days. The released
CO:2 was absorbed with a 0.1 N NaOH solution, and the amount of alkali was
determined by titration with 0.1 N HCI [1]. The results were expressed as mg C/100g
soil/day or g C/m?/day.

Results and discussion

Analysis of data from the Lankaran and Astara meteorological stations for the
years 1975-2023 indicates that climate change is observed in the region. Over the
past 50 years, the average annual temperature has increased by 1.3°C. The increase
is more pronounced, mainly during the summer months. According to the Mann-
Kendall trend test, the temperature increase is statistically significant (p <0.01). The
amount of precipitation shows a decreasing trend of 7-9% on an annual scale.
Changes in the precipitation regime are unevenly distributed: a relative increase in
precipitation amount is recorded in the autumn and winter months, while a decrease
is observed in the spring and summer months [10].

Table 1. Organic carbon content in different soil types (0-20 cm, %)

Soil type Minimum | Maximum Mean desit:zgir(io)
Brown mountain-forest 4.2 7.8 6.2 1.2
Yellow mountain-forest 2.1 4.5 34 0.8
Meadow-forest 3.8 6.2 5.1 0.9
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Table 2. Total carbon stocks in different soil types (0—100 cm, tC/ha)

Standard
Soil type Minimum Maximum Mean deviation
(&0)
Brown mountain-forest 280 350 315 28
Yellow mountain-forest 150 220 185 24
Meadow-forest 210 280 245 22

Table 3. Organic carbon content by slope exposure (brown mountain-forest soils,

0-20 cm, %)

Standard
Exposure Minimum Maximum Mean deviation
(o)
North 5.8 7.8 6.8 0.8
North-West 5.4 7.2 6.4 0.7
South 4.2 5.6 4.9 0.6
South-East 4.5 5.8 52 0.5

The vertical distribution of carbon shows a pattern of proportional decrease with
increasing depth in the soil profile. In all study areas, the main part of organic carbon
(60-70%) is concentrated in the upper 0-40 cm layer.

Table 4. Vertical distribution of carbon in brown mountain-forest soils (%)

Depth (cm) Minimum Maximum Mean Sl;?gil:l;(f/:;al
0-20 4.2 7.8 6.2 38.5
2040 2.8 4.5 3.6 28.2
40-60 1.2 2.4 1.8 18.6
60-100 0.6 1.5 1.0 14.7

Table 5. Vertical distribution of carbon in yellow mountain-forest soils (%)

Depth (cm) Minimum Maximum Mean Sl;:zzlir;'}/:; al
0-20 2.1 4.5 34 45.2
20-40 1.2 2.8 2.0 28.5
40-60 0.5 1.4 0.9 16.3
60—-100 0.2 0.7 0.4 10.0

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



Table 6. Vertical decline coefficient of carbon in different soil types (percentage

decrease per 10 cm)

Depth interval (cm) Brown mountain-forest Yellow mountain-forest
0-10 — -
1020 18.5 223
20-30 24.2 28.6
3040 28.6 324
40-50 32.8 38.2
50-60 354 42.5
60-70 38.2 45.8
70-80 40.5 48.2
80-90 423 50.1
90-100 44.1 523

The seasonal dynamics of CO: emissions from the soil are closely related to the
climatic characteristics of the region. Field measurements (using the LI-COR 8100
system) show that CO: emissions vary significantly across seasons [16].

Table 7. Components of carbon balance at different altitude zones (tC/ha/yr)

. Soil type and Input

Altitude zone (m) exposure (t/ha) Output (t/ha) Balance (%)

Low mountain

(200-600) Brown (North) 7.2 6.9 +0.3
Yellow (South) 5.8 6.0 -0.2

Middle mountain

(600-1200) Brown (North) 9.5 8.5 +1.0
Brown (South) 8.2 7.8 +0.4

High mountain

(1200-1800) Brown (North) 6.8 6.2 +0.6
Brown (South) 55 52 +0.3

Table 8. Sensitivity analysis of soil carbon loss (RCP 8.5, 2100)

Effect on carbon
Factor Change range loss (%)
Temperature increase +3 °C 45-50
Precipitation decrease =15 % 25-30
Combined effect Temperature + precipitation 70-75
High (> 300 tC/ha) 20-25
Initial carbon stock Medium (200-300 tC/ha) 28-32
Low (<200 tC/ha) 3540

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



The increase in temperature affects soil carbon through direct and indirect
mechanisms. Recent research reveals the complexity and multifactorial nature of

these mechanisms.

Table 9. Mechanisms of temperature increase effect on soil carbon

. o Effect
Mechanism Effect direction ¢ Process
magnitude
Increased microbial . . Mineralization of
L Negative (carbon loss) High :
respiration organic matter
Acceleration of Increased enzymatic
enzymatic reactions activity

Increased plant Photosynthesis and

Negative Medium

Positive (carbon input) Medium

productivity biomass production
Increased root . Low— Autotrophic

- Negative . I
respiration medium respiration
I d nit o . . . .
hereased nitrogen Positive / negative Medium Nutrient cycling
mineralization

Stimulation of Microbial Activity. The increase in temperature significantly
enhances microbial respiration. An extensive meta-analysis conducted by Tamuly
(2025) shows that warming consistently increases microbial respiration and nitrogen
mineralization, leading to carbon loss, particularly from deeper soil layers. This
effect is mainly related to the temperature sensitivity of enzymatic reactions — as
temperature rises, the rate of enzymatic reactions increases, accelerating the
decomposition of organic matter.

Variability of the Q1o Coefficient. The Qio coefficient determined in our study
is consistent with international research. However, it is important to note that the Quo
value is not constant and varies depending on various factors. Li et al. (2024) found
that the quality of soil carbon plays a crucial role in the variation of the Qio value in
subtropical forests. The quality of carbon (the proportion of recalcitrant fractions)
decreases non-linearly along the altitude gradient, which in turn affects the Qo value.

Interaction of eCO: and Warming.Tamuly (2025) emphasizes that the
interactions between elevated CO: concentrations (¢CO2) and warming are often
non-additive in nature. eCO- can stimulate short-term accumulation of soil organic
carbon by increasing plant photosynthesis, biomass production, and below-ground
carbon inputs. However, it simultaneously alters microbial activity and nutrient
demand, leading to nitrogen limitation and a priming effect that accelerates the
decomposition of soil organic matter [25].

Table 10. Interactive effects of eCO. and warming

Component eCO: effect Warming effect Interactive effect
P (%) (%) (%)
Photosynthesis +25-35 +10-15 +30-45 (additive)
Microbial respiration | +5-10 +20-30 +25-40 (non-additive)
Nl.trogep . =5-10 +15-25 +10-20 (antagonistic)
mineralization
Soil carbon +2-5 —5-15 —3-10 (synergistic)
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Differences by Depth.The impact of temperature increase can vary at different
depths of the soil profile. In our study, the Qo coefficient in the upper horizon
(0-20 cm) is higher compared to the lower horizon (20-40 cm). This indicates that
the upper horizons are more sensitive to temperature changes. At the same time,
resistance to temperature increase is higher in the lower horizons due to the greater
stability of organic matter. Changes in the precipitation regime alter carbon
dynamics in a complex way by affecting soil moisture.

Table 11. Effect of precipitation changes on carbon balance

Precipitation Direct effect Indirect effect Result (carbon
change balance)

Reduced moisture — | Reduced plant

Overall decrease o . . L .

2 N limited microbial productivity — less Negative

(—10-20%) . C
activity organic mput
Drought stress — Decreased

Decrease in summer | reduced CO2 productivity during Negative
emissions vegetation period

High moisture —

anacrobic conditions Rapid decomposition | Positive /

Increase in autumn—

winter . CH. emission of leaf litter Negative
Extreme Erosion — topsoil Floods — anaerobic .

o . Very negative
precipitation events loss conditions

Optimal Moisture Range. Our study found a quadratic relationship between CO-
emissions and soil moisture. Emissions are maximum when moisture is in the
20-30% range, and decrease at lower (< 15%) and higher (> 35%) moisture values.
This pattern is consistent with international research.

Drought Stress. Reduced precipitation and prolonged drought periods lower soil
moisture, limiting microbial activity. However, in the long term, drought stress also
reduces plant productivity, decreasing the amount of organic material entering the
soil, which has a twofold impact on the carbon balance. Tadesse et al. (2026) note
that climate change disrupts soil physical structure, fertility, and microbial activity,
negatively affecting the soil's carbon sequestration capacity.

Anaerobic Conditions and Methane Emissions. Anaerobic conditions resulting
from excessive precipitation or irrigation can reduce CO: emissions but may increase
methane (CH4) emissions. As a greenhouse gas, methane is 25 times more potent
than CO.. Therefore, the impact of changes in precipitation regimes is not limited to
CO: emissions but also affects the balance of other greenhouse gases.

Changes in Seasonal Distribution. The shift in the seasonal distribution of
precipitation in the Lankaran-Astara region (decrease in spring-summer, increase in
autumn-winter) has a twofold effect on the carbon balance. In summer, microbial
activity is limited due to drought, while in autumn, emissions increase due to high
moisture and the decomposition of leaf litter. As a result of these changes, although
there is no significant change in total annual emissions, the seasonal dynamics are
altered.
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Table 12. Effects of extreme weather events on soil carbon

Change in Magnitude Recover
Event fre u%nc Mechanism of impact of carbon time ( eags)
quency loss (tC/ha) y
Floods 115250, | Crosion, anaerobic 5-30 5-20
conditions, CH4 emissions
Drought +20-30 % Limited m1c?ob1a1 activity, 210 310
plant mortality
Forest fires | +10-409% | combustion oforganic ) 5, 44 20-50
matter, CO2 emissions
Storms +5-15% Tree breakage, uprooting 5-15 10-30
Heat waves | +30-50 % E)fcess1.ve tempe‘rature, 1-5 1-3
microbial mortality

Floods and Erosion. Heavy rains and floods increase soil erosion, leading to the
loss of the fertile top layer. Considering that 60-70% of carbon is concentrated in the
top layer, carbon loss due to erosion can occur very rapidly. Tadesse et al. (2026)
emphasize that extreme weather events cause rapid decomposition of soil organic
matter, soil erosion, and degradation.

Drought and Forest Fires. Prolonged droughts increase the risk of forest fires.
Fires destroy both above-ground biomass and the organic matter in the topsoil layer.
This not only causes an instantaneous release of carbon into the atmosphere but also
leads to long-term carbon loss.

Storms and Tree Fall. The breaking and uprooting of trees due to extreme winds
disrupts the carbon balance in the forest ecosystem. The resulting woody debris
decomposes rapidly, increasing CO2 emissions.

Synergistic Effect of Interactions. Extreme events often occur in connection
with each other. For example, trees weakened by drought become more vulnerable
to winds, and fires spread more easily during drought periods. These synergistic
effects further increase carbon loss.

The Hyrcanian forests possess significant carbon sequestration potential due to
their high productivity, rich biodiversity, and favorable climatic conditions.

Existing Carbon Stocks. The results of our study show that a considerable
amount of carbon stock has accumulated in the soils of the Hyrcanian forests
(315 tC/ha in mountain-forest brown soils). The horizontal and vertical distribution
of carbon stocks in the Hyrcanian lowland forests is relatively balanced, which may
be a result of the forest protection regime.

Role of Tree Species. The carbon sequestration potential varies among different
tree species. It has been determined that the carbon sequestration potential of Acer
velutinum plantations (95.18 tC/ha) is close to that of natural forests. This species is
recommended as a priority for future reforestation projects. Another study) showed
that broad-leaved trees, particularly alder (Alnus subcordata) and oak (Quercus
castaneifolia), have high carbon sequestration potential. The total carbon stock in
alder plantations at a depth of 0-200 cm is 206.24 tC/ha, and in oak plantations, it is
195.26 tC/ha [26].

Resilience to Climate Change. The resilience of the Hyrcanian forests to climate
change is related to their biodiversity and ecological plasticity. However, projections
indicate that by 2100, under the RCP 8.5 scenario, soil carbon stocks could decrease by
16-32%. This reduction will be particularly pronounced in mountain-forest yellow soils.
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Conclusion

This study, dedicated to investigating the impact of global climate change on the
carbon balance of mountain-forest soils in the Lankaran-Astara region, has enabled
the following main conclusions to be drawn:

Climate Change. Over the past 50 years (1975-2023), the average annual
temperature in the Lankaran-Astara region has increased by 1.3°C. The increase is
more pronounced, mainly during the summer months (1.8°C). The amount of
precipitation shows a decreasing trend of 8.9% on an annual scale. Changes in the
precipitation regime are unevenly distributed: a decrease is recorded in the spring
and summer months (-12.5%), while a relative increase is noted in the autumn and
winter months. These observed changes are statistically significant and consistent
with broader regional climate trends, confirming that the Lankaran-Astara region is
experiencing tangible climate transformation that will likely accelerate in coming
decades.

Soil Carbon Stocks. The total carbon stock in the mountain-forest soils of the
Lankaran-Astara region varies over a wide range depending on the soil type. In
mountain-forest brown soils, at a depth of 0-100 cm, the total carbon stock ranges
from 280-350 tC/ha, while in mountain-forest yellow soils it ranges from
150-220 tC/ha. 60-70% of organic carbon is concentrated in the upper 0-40 cm layer,
making this topsoil layer particularly vulnerable to disturbance and erosion. Carbon
stock on northern slopes is 25-30% higher compared to southern slopes, reflecting
the more favorable moisture regime and lower decomposition rates on cooler
aspects. These values are comparable to those reported for other subtropical forest
ecosystems and confirm the significant carbon sequestration potential of Hyrcanian
forest soils.

CO: Emissions. CO: emissions from the soil vary significantly depending on the
season. Maximum emissions are observed in the summer months (2.8-3.4 g C/m*day),
when optimal temperatures stimulate both root and microbial respiration. Minimum
emissions are recorded in the winter months (0.6-1.2 g C/m?day), when low
temperatures suppress biological activity. The total annual CO: emission is
7.2-8.3 tC/ha/yr in mountain-forest brown soils and 6.4 tC/ha/yr in mountain-forest
yellow soils, reflecting the higher organic matter content and biological activity of the
brown soils. This seasonal pattern is consistent with ecosystem respiration dynamics
observed in other subtropical forests.

Influence of Temperature and Moisture. A high positive correlation exists
between CO2 emissions and soil temperature (r = +0.74 - +0.78, p < 0.001). The Q1o
temperature coefficient varies between 2.1-2.4, indicating that respiration rates
increase by a factor of 2.1-2.4 for every 10°C temperature increase, which is within
the typical range for temperate and subtropical ecosystems. A quadratic relationship
was determined between soil moisture and CO. emissions: emissions are maximum
when moisture is in the 20-30% range, and decrease at lower (< 15%) and higher
(> 35%) moisture values. This nonlinear response reflects the dual constraints of
drought stress and oxygen limitation on microbial activity and has important
implications for predicting emission responses under changing precipitation regimes.

Carbon Balance. In the middle mountain belt (600-1200 m), the carbon balance
is positive: +0.8 - +1.2 tC/ha/yr. In the lower mountain belt (200-600 m), the carbon
balance is approximately neutral: -0.2 - +0.3 tC/ha/yr. In the high mountain belt
(1200-1800 m), the carbon balance is +0.3 - +0.6 tC/ha/yr. The carbon balance on
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northern slopes is 0.4-0.7 tC/ha/yr higher compared to southern slopes. These spatial
patterns reflect the complex interplay between temperature, moisture, productivity,
and decomposition across the landscape. The overall positive carbon balance in most
areas indicates that these forests currently function as carbon sinks, but this status
may be threatened under projected future climate scenarios.

Table 13. Comparison of soil carbon stocks in different subtropical forest

ecosystems

. Soil type / Depth Carbon stock
Study Region Vegetation cover (cm) (tC/ha)
Brown mountain- 0-100 280-350
Lankaran- forest
Our research Astara Yellow mountain-
crow mounta 0-100 150-220
forest
Vahedi et al., Iran, Nour .
2016 Forest Park Forest soils 0-40 70-120
Rasouli et al., | Iran, Hirkan Eatural lf(feSt 0-15 9.4
2025 forests cer vetutinum 0-15 95.2
plantation
Mousavi et al., | Iran, Hirkan Alnus subcordata 0-200 206.24
2025 forests Quercus 0-200 | 195.26
castaneifolia
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T. AxanoB
BILUIAB I'TOBAJIBHUX KJIIMATAYHUX 3MIH HA BYTJIEHEBUM BAJIAHC
I'TPCBKO-JICOBHUX TPYHTIB JIEHKOPAHCBKO-ACTAPUHCBKOI'O
PEI'TIOHY

AHoTanis. JlociipkeHHsI NMPUCBSIYCHE BHBYCHHIO BIUIMBY TIIOOANBHHUX KIIMAaTHYHUX
3MiH Ha BYIJICLEBHH OajaHC TipChKO-TIiCOBUX IPYHTIB JIeHKOpaHCHKO-ACTapHHCHEKOTO
periony. Llg yHikaipHa exocucTema, IO € YaCTHHOIO ['ipKaHCHKMX JiciB, BKJIIOYEHA [0
Croucky BcecBiTHROI cnammman FOHECKO. Jlocmimkenas mpoBomwiucs y 2023-2025
pOKax Ha MiBJCHHO-CXimHUX cxmiax Tamumchkux rip Ha Bucortax Bix 200 mo 1800 merpir
HaJl piBHEM MOps. Y 3pa3Kkax I'PyHTY BU3HAJYalM 3araJlbHUN BYTJIEIb, OPTaHIYHHI BYTJICHb,
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Bukugu COz, a Takoxk (i3MKO-XIMIYHI TIOKA3HUKH; JUIS KIIMATHYHUX MPOTHO3IB
BukopuctoByBanu cueHapii RCP. Pesynpratm mnokasamu, mo 3a ocranHi 50 pokiB
cepenHpOpiuHa Temreparypa mimBummiacsa Ha 1,2°C, a KUTBbKICTh OmadiB 3MCHIIHIIACS
Ha 8-10%. 3a mpornoszamm, g0 2100 poky TemmepaTtypa Moxke 3poctd Ha 2,5-4,5°C,
a KUIbKICTh OmafiB Moxe 3MeHmuTucs Ha 15-20%. 3aranpHi 3amacu BYTJIEIIO B IPyHTax
craroBiATh Bix 120 qo 380 T C/ra. HaiiBuii 3HaYeHHS CLIOCTEPITAaIOTHCS Y TIPCHKO-TICOBHX
O0ypux rpynTrax (320-380 T C/ra) Ta Ha miBHIYHEX cxmwiax. Bukumun CO: KOTUBAIOTHCA Bix
0,8 mo 3,2 v C/M*/moby, mpudoMy MaKCHMalbHI 3HAYeHHS 3a(iKCOBAHO B JITHI MICHIIi.
BcTaHoBNIEHO BUCOKMIT MO3UTUBHUI KopesLiitauii 38’5130k (r = +0,72) mix Bukunamu CO-
Ta TeMrepaTypor IpyHTy. [lin BIIMBOM KIIMaTHYHHUX 3MiH HNPOTHO3YEThCS 301IbIICHHS
BukuiB CO:2 Ha 25-45% Ta 3MCHIIICHHS 3aaciB OPraHIYHOTO BYTJICIO B IpyHTI Ha 15-30%
a0 2100 poky. Lli 3MiHM MOXYTh CT@HOBUTH 3arpo3y JUisi E€KOCHCTEMHOI CTIMKOCTI
lNpkancekux niciB. OTpuMaHi pe3ysibTaTH MOXYTh CIYTyBaTH HayKOBOI OCHOBOIO JUISI
PpOo3poOIeHHS 3aX0iB afanTamii 70 KIIIMaTHYHUX 3MiH Ta YIIPaBIiHHA JTicaMu.

KuarouoBi cioBa: rimobanmpHi KIIMaTHYHI 3MiHH, ByriieneBuit Oamanc, Bukuau COa,
ripchKo-JicoBi IpyHTH, ['ipKaHCHKI JTiCH.

Cmamms nadivuna 0o pedakyii 02.01.2026, naoituna nicia peyenzysaunsn 02.02.2026,
nputinama 10.03.26
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COMPREHENSIVE ASSESSMENT OF TECHNOGENIC LOAD ON
THE ENVIRONMENT OF WESTERN UKRAINE REGIONS

Abstract. Today, all natural components of the environment are under technologic
pressure. This impact has intensified significantly in the last few years due to the
military conflict in Ukraine. When assessing the technogenic impact on the
environment, methods are used to evaluate individual components of the
environment or to conduct a comprehensive assessment. In scientific literature,
the vast majority of works are devoted to assessing the impact on individual
components of the environment.

The purpose of the study was to develop a method for comprehensive assessment
of technogenic load on the environment and to test it on the example of regions of
Western Ukraine. Based on preliminary assessments of technogenic load on
individual components of the environment, a number of indicators for
comprehensive assessment (8 parameters) were determined. Weight coefficients
for each of the assessment indicators were determined. A calculation formula for
determining the comprehensive indicator of technogenic load (CILT) and an
assessment scale of load levels were proposed.

The methodology was tested for regions of Western Ukraine based on research
data from 2009 to 2023. The determination of weight coefficients showed that the
most significant among various types of impact are waste accumulation in
regions, emissions of pollutants into the air basin, and volumes of discharges of
substances with wastewater. It was found that for different regions of Western
Ukraine, the overall level of pollution is significantly influenced by the indicators
of emissions and discharges of pollutants, waste accumulation, and the presence
of landfills and waste disposal sites. The maximum values of the CILT are
observed in the Lviv and Ivano-Frankivsk regions, with a significant impact also
observed in the smallest Chernivtsi region. In the vast majority of regions, the
level of technogenic load was characterized as insignificant, in the Ivano-
Frankivsk and Chernivtsi regions — as average, and in the Lviv region — as
elevated.

The proposed methodology can be recommended for implementation in the
practical activities of state environmental protection agencies when analyzing the
state of the environment in regions.

Keywords: comprehensive indicator, technogenic load, environment, weight
coefficient.

© A.B. Uyraii, M.B. Henoctpenos, 2026

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026


mailto:avchugai@ukr.net
https://orcid.org/0009-0007-5407-811X

A.B. YUyraii, M.B. Hexoctpenos

Opnecrkuit HarlioHanbHAH yHiBepcuTeT iMeHi [.I. MeunnkoBa, M. Ozneca, Ykpaina

KOMILIEKCHA OIIHKA TEXHOT'EHHOI'O HABAHTAKEHHS
HA JIOBKILJLIS PET'TOHIB 3AXIJTHOI YKPATHU

Anomauia. Ha oanuii vac mexnozenno2o HaganmadiceH s 3a31Haioms 8Ci NPUPOOHi
CKa008I Q06KILIS. Bniue 3Hauno nocunuscs 6 ocmawnti poku uepes 060uoei il 6
Yipaini. Ilpu oyinyi mexnocenHozo 6naugy Ha OOGKLLISL GUKOPUCHOBYHOMbCS
Memoou OYiHKU HA OKpeMi CKAA008i O08KINLIA ab0 KOMNIEKCHOI oyinku. YV HayKosii
Jimepamypi nepesaxcua Oinvuicms pobim RPUCBAYEHA OYIHYI 6NAUBY HA OKpeMi
CK1a008i O0BKIIA.

Memoro docridscennsa 6yna po3pooka memoody KOMNJIEKCHOI OYIHKU MeXHO2eHHO20
HABAHMAIICEHHA HA O0BKLLIA Ma 1020 anpobayis Ha npukiadi pe2ioHie 3axioHol
Yrpainu. Ha ocrogi nonepeonix oyiHOK mexHO2eHHO20 HABAHMANCEHHS HA OKpeMi
CKIA008I 008K OYI0 BUHAUEHO NEPeliK NOKA3HUKIE KOMMIEKCHOI OYIHKU
(8 napamempis). Busnaueno eacosi KoepiyicHmu KONCHO20 3 OYIHOUHUX
NOKA3HUKIG.  3anpononoeamno  po3paxyukosy — @opmyry — O1a  BUIHAYEHHA
KOMNIEKCHO20 NOKA3HUKA mexHozennozo Hasanmadicenna (KIITH) i oyinouny
WKAY PiGHIE HABAHMAIICCHHS.

Anpobayis memoouxu 6uxowawa Oas pecioHie 3axionoi Ykpainu 3a Oanumu
docnioxncenv y 2009-2023 pp. BusnauenHs 6azosux xoe@iyieHmis nokasauo, uo
HaUbiIbW 3HAYHUMU cepel PI3HUX 8UOI8 BNIUBY € HAKONUYEHHs 810X00i8 8 peciOHAX,
BUKUOU 3a0PYOHIOIOUUX PeHOBUH Y NOBIMPAHUL baceuH, 0bcaeu cKUoi@ pedosuH 3i
380pomuumu 6o0amu. Ompumaro, wo 01 pisHux obnacmeil 3axionoi Yxpainu na
@opmysanHa 3a2anbHO20 PIGHS HABAHMAICEHHS 3HAYHUL BNIUG MAIOMb NOKAZHUKU
BUKUOI8 MA CKUOI8 3a0pYOHIOIYUX PeyOsUH, HAKONUYEHHs 6i0X0018, HAABHOCMI
Micyb po3miweHHs 38anuny ma noaieonie 8ioxodie. Maxcumanvui 3navenns KIITH
siosHauaromovcs 015 Jlvsiscokoi ma Ieano-@pankiscovroi obnacmeti, 3HAUHUL BNIUG
gi0s3Hauacmvcs i 0ns naumenwoi Yepuiseywvkoi obnacmi. Y nepesasichiti 6invuiocmi
obnacmeti pigenb MexHO2eHHO20 HABAHMANCEHHS XAPAKMEPUIYBABCA AK HEIHAYHUL,
y leano-@panxiecovkiii i YepHiseyvkitl 0b6aacmsax — sk cepeonitl, y JIvbeiecokitl — ax
nioeuueHul.

3anpononosana memoouxa moodce Oymu peKoMeHOO8aHA 00 BRPOBAOICEHHS Y
NPAKMUYHY OISIbHICMb 0ePIHCABHUX NPUPOOOOXOPOHHUX OP2AHI8 NPU AHANIZI CINAHY
O08KINLIA 8 pEiOHAX.

Knrwouoei cnosa: xomniekcHutli noKa3HuK, MexHo2eHHe HABAHMANCEHHS, OOBKILIA,
8azcosull KoegpiyicHm.

https://doi.org/10.32347/2411-4049.2026.1.20-28
Beryn

Bimomo, 1m0 TeXHOTeHHE HaBaHTAXKEHHS — II€ CTYMiHb BIUIMBY TOCHOAApPCHKOI
JISUIBHOCTI Ha JOBKULIS B HiJoMy a00 HOro okpeMi koMmroHeHTH. Ha manmii yac
TEXHOT'CHHOTO HaBaHTa)KEHHS 3a3HAIOTh BCI MPHUPOIHI CKIamoBi moBkiwisa. Ilei
BIUIMB TaKO 3HAYHO MMOCUIJIMBCS B OCTaHHI POKU 4yepe3 00iOoBi Aii, SIKi TPUBAIOTH B
VYxpaiHi.

[lpr ouiHII TEXHOTEHHOTO BIUIMBY Ha JIOBKULIS MOXXHa BHKOPHUCTOBYBATH
METO]T! OIIIHKH Ha OKPEMi CKJIaJIOB1 JOBKIILIA (aTMOC]epHE MOBITPS, BOJIHI PECYpPCH,
I'PYHTOBHIA IOKPHB 1 T€0JIOTIYHE CepPEeOBHUILE) a00 METOIM KOMIUIEKCHOI OLIIHKH.

Bigznaummo, 1m0 y HayKOBiM JiTeparypi NepeBakHa OITBIIICTH pPOOIT
MIPUCBSYCHA OITHIII BIUIMBY i3 3aCTOCYBaHHSAM IIEPINOi TPYIIH METOHIB. Meroau
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KOMIUIEKCHOI OITIHKA 3aCTOCOBYIOThCA MeHmie. OTisin JnTepaTypHUX JDKEpel
MOKa3ye, 10 METOAN KOMIUIEKCHOT OL[IHKM 3a3BMYail 3aCHOBaHI Ha BUKOPUCTaHHI
CTaHAAPTHOTO Ha0OPY MOKAa3HUKIB (BUKUAM 3a0pyaHtotounx pedoBuH (3P), ckuam,
YTBOpPEHHS BiAXOIIIB, MOKa3HUKHU 3a0pynHeHHs Ta iH.) [1-3]. Po3pobneno meronn
OO0 OIIHKA HaBaHTAXEHHS 3 YypaxyBaHHSAM HAasSBHOCTI 00’€KTIB KPHUTHYHOI
TPaHCIOPTHOI 1H(PpAcTpyKTypu [4], IUII OKPEMHUX TOCHOJAPCHKUX 00 €KTIB
Toro [5].

VY 3apyOiKHIA TPaKTHUI TaKOX € pi3HI METOAW 1O OIIHKH TEXHOTEHHOTO
HaBaHTaxeHHS . OJHUM 3 MiOXOMiB € OLiHKAa HaBaHTaKEHHA Ha JOBKLLIS depes
BUKH]JIM MAPHUKOBUX Ta3iB 1, SK HACIIJOK, 3MiHM KIIMaTy, IO Bij0yBaroThCs [6].
JeTtanpHUil mepemiK Ta OMUC METOZIB OIHKH BIUIMBY HAa JOBKULIS B ILIJIOMY
HaBEJICHO y pekoMeHallisx [7] 1 poooti [8]. [IpukiamoM KOMITJICKCHOT OI[iHKH CTaHy
BOJX 1 IPYyHTIB € Mozenb OIiHKM IpyHTIB i Bogum (SWAT) [9]. Ha nmpunnmmax
KOMIUTIEKCHOI OITIHKM TakoXX MOOyIOBaHI METOAWKH OILIHKH CTaHy JOBKULISI B
perioHax Ha 3acaziax craixoro po3sutky [10, 11].

MeToo poboTH € po3poOka METONy KOMIUIEKCHOI OIIIHKM TEXHOTCHHOTO
HaBaHTa)XXCHHS Ha JOBKULIA Ta HOro ampoOarlisi Ha MpHUKIaai perioHiB 3aximHoi
Ykpainu.

MeToauka qOCTiKeHHA

J1J1s OLIIHKM TEXHOT'CHHOTO HaBaHTa)KCHHS Ha CKJIAJ0BI JOBKULISA perioHiB 3axiaHol
VYkpainu Oyiio BUKOpUCTAHO JIeKibka MeTo K. KoKHa 3 HUX BpaXxOBY€E NMOKa3HUKH,
SIKi OKpeMO XapaKTepH3yIOTh PIBEeHb TEXHOTCHHOTO BIUIUBY 1 BiIpi3HSIIOTHCS
CKJIaJJOBUMH, II[0 BHKOPHCTOBYIOTbCS JJsl OLIHKMA. bByJlo BHUKOHAHO OLIHKY
HABaHTa)XCHHS Ha aTMoc(epHe MOBITPsS, BOJHI 00’€KTH 1 TIPYHTOBHH TOKPHB
(pe3ynbTaTé BUCBITIICHO Y MyOJTiKaIlisiX aBTOPIB).

AHami3 OTpUMaHHMX pPe3yJbTaTiB 1 ()i3MYHOI CYTHOCTI TOKAa3HHKIB CIYI'yBaB
OCHOBOIO JUIsl PO3POOKM METOJUKH KOMIUICKCHOI OIIIHKH TEXHOT'€HHOTO
HaBaHTa)XCHHS HA JOBKULIS. B pe3ynbTari BU3HAUEHO TaKWil MEpelliK MOKa3HHUKIB
KOMIIJICKCHOT OL[IHKH:

1) MOITyTTh TEXHOTEHHOTO HABAHTAXXEHHSI HA TIOBITPsHUIA OaceiiH Ms [2];

2) noka3HUK HeOe3neuyHOCTi cTpyKTypu BUKUIiB HCB [12];

3) KoMIUTeKCHUH KOe(]IiieHT OIiHKA e(eKTUBHOCTI BOIOKOpUCTYBaHHA K [2];

4) MOJTyTTh TEXHOT€HHOTO HABAaHTAXXEHHS Ha BOJIHI 00’ €KTH Mp0 32 00CATaMU CKUIIB
criuaux Bog (CB) [2];

5) MOyJIb TEXHOTEHHOI'O0 HABAaHTAXXCHHSI Ha BOJIHI 00’ €KTU Mpo 3a 00CATaMU CKUIIB
3P y cknani CB [2];

6) MOIynh TEXHOTEHHOTO HABaHTA)XEHHS Ha TeoNoriuHe cepenoBuie Mpc 3a
MOKa3HUKAaMH YTBOPEHHS BIIXOMiB [2];

7) Momynb TEXHOTEHHOTO HaBaHTa)KEHHA Ha TeEOJIOriuHe cepepoBumie Mrc 3a
MMOKa3HUKAMH HAKOTIMYEHHSI BiIXOiB [2];

8) mokazHuK MoOyTOBHUX BIIXOMIB /146 [3].

BpaxoBytoun, mo (i3uyHa CyTHICTH HOKA3HUKIB PI3HUTHCS, A OTPUMAHHS
MOPIBHSHUX pe3yJIbTaTiB OyB 3aCTOCOBaHMN MPUHLMII JiHIHHOr0 HOpMyBaHH:. Bci
OTPUMaHiI HOPMOBaHI 3HAYCHHS 3MIHIOBAJIMCh B Jiana3oHi Bix 0 10 1 3a yMOBH, 110
MiHIMaTbHAN TEXHOTEHHHI BILUTUB XapaKTePU3y€EThCS HYJTbOBUMH 3HAUCHHSIMH.

I3 3actocyBanHsAM moka3zHuKa Bapiawii [13] Oyno BU3HaYeHO BaroBi KoeQilieHTH
KOXKHOT'O 3 OIIIHOYHHUX IMOKa3HUKiB (Tad. 1).
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Tak, KOMIUIEKCHHHM IIOKa3HMK TEXHOT€HHOTO HAaBaHTAXXEHHS Ha JOBKULIA
(KIITH) po3paxoByeTbCs 32 POPMYIION0:

KITH = 0,14Mps + 0,09HCB + 0,07K + 0,11M3o(CB) + 0,14Mpo(3P) +
+ 0,1 1Mrc(ytBOp) + 0,25 Mrc(Hakomn) + 0,0971,, (D)

ne Mz, HCB, K, Mpo(CB), Mgo(3P), Mrc(ytBOp), Mrc(nakon), I1,; — HOpMOBaHi
3HAYEHHSA BIQIIOBIIHUX HOKA3HUKIB OIlIHKH.

Jus KIITH 6yno 3amporioHOBaHO OIIIHOYHY IIKay (Tadu. 2).

Tabmmms 1. Barosi koedillieHTH MTOKa3HUKIB KOMIUIEKCHOI OITIHKH

IToxka3Huk BaroBuii koedinienT
Mns 0,14
HCB 0,09
K 0,07
Mpo 3a obcsramu ckunis CB 0,11
Mpo 3a obcsiramu ckuniB 3P y ckinani CB 0,14
Mc 3a TOKa3HUKAaMH YTBOPSHHSI BiIX0JTiB 0,11
M¢ 3a TOKa3HUKaAaMH HaKOIMYEHHS BiIXOIiB 0,25
Il 0,09

Tabaurs 2. PiBHI TEXHOT€HHOIO HaBaHTaXEHHS 3a 3HaueHHsIM KIITH

3uauvennst KIITH PiBenb HaBaHTaKeHHS
0-0,25 HE3HAYHHUI
>0,25-0,5 cepeaHin
>0,5-0,75 MM ABUIIEHUIA
>0,75-1,0 BUCOKHH

Pe3yabTaTi 10CaigKeHHS

O1liHKa TEXHOICHHOTO HAaBaHTA)XKCHHS Ha CKJIAJIOBI JOBKIUIA perioHiB 3axigHoi
VYkpainu BukonyBanachk 3a mnepion 2009-2023 pp. Hamu Oyio BU3HAUEHO OKpeMmi
MTOKA3HUKH, IKi XapaKTepU3yIOTh PIBEHh TEXHOTEHHOTO BIUIUBY, IIPOBEEHO aHANI3
JUHAMIKH 3MIHHA KOKHOI'O 3 ITOKA3HHUKIB.

3a3Ha4KMMO, 1110 OIIHKA TEXHOTEHHOI'0 HABAHTAXKCHHS Ha OKPEMI CKJIAJI0BI TAKOXK
€ BaOXJIMBOIO 3amauero. JIOCHTH YacTO MOCHIAHMKHA BHMBYAIOTh CTaH IIEBHUX
MNPUPOAHUX CEepeloBHI. AJie MPH OUIHLI CTaHy Ul 3HAYHOI KiIBKOCTI PErioHiB
OB TOIIJIEHUM € BUKOPUCTAHHS IHTEIPaIbHUX a00 KOMIUIEKCHHMX OKa3HHKIB.

BusHaueHHs BaroBux KOE(MII[EHTIB JUIs IOKAa3HHMKIB IMOKAa3ajo0, IO OUIbII
3HAYHUMH Cepe]] PiI3HUX BHUIIB BIUIMBY € HAKOITUYCHHS BiIXO/IIB B PETiOHAX, BUKU U
3P y noBiTpsiHui OaceiiH, a Takox oOcsru ckuai 3P 3i 3BopoTHHMYU Bojamu. Takox
BIJI3HAYMMO, 1110 IpU po3paxyHKy HCB 0yJi0 BUKOPUCTAHO JaHi MPO BUKKUIN JIHIIE
ocHoBHUX 3P. Mon1Bo, py BUKOPUCTaHHI OibII MOBHOTO Tepeniky 3P Barosuit
KOe(]ili€HT IOr0 MOKa3HUKa Oy1e YTOUHEHHH.

Ha puc. 1 HaBeneHO pe3ysibTaTH KOMIUIEKCHOI OLIHKH 3 ypaxXyBaHHSIM BHECKY
KOXXHOT'O OKPEMOT0 ITOKa3HHUKA.
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Pucynok 1. KommurekcHa oriHka TEXHOT€HHOTO HaBaHTa)KEHHS Ha JTOBKUIISA B pETiOHAX

3axigHoi YKpainu
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SIk BUAHO, TIOKa3HMKH, SKi HAHOUIBII BIUIMBAIOTH Ha (hOpMyBaHHS 3arajbHOTO
piBHS HaBaHTa)KEHHA, MO PETIOHAX PI3HATHCS. Tak, B Pi3HI POKH 3HAYHHI BILJIMB
MAaIOTh TaKi TOKAa3HUKH:

— I, — BomuHachka, 3akapnarchka, XMenpbHHUITbKA 1 UepHiBeIbKa 001acTi;
— K- BonunchKa, 3akaprnarchka i UepHiBerpka 00J1acTi;

—  M3o(3P) — JIbBiBCBKa O0I.;

—  Mic(nakorr) — JIbBiBCBKa 0011 ;

— M5 — IBano-dpankiBchKa 00IT.;

—  Mrc(ytBOp) — IBano-®pankiBcrka 1 TepHOMiNbChKa 001

Ha puc. 2 naBeneno nunamiky 3miau KIITH nns perioniB 3axinHoi Ykpainw,
y Tab1. 3 — pe3ynbTaTH OIiHKK Ha OCHOBI TabII. 2.

Sk BHOHO 3 pHC. 2, MaKCHMallbHi MOKa3HUKH TEXHOT'€HHOT'O HaBAaHTAKCHHS
BiJI3Ha4YaroThcs Uil JIbBiBChKOI Ta IBaHO-DpaHkiBChKOI oOsacTeit. Takoxk citifg
BiJI3HAYNTH 3HAYHWUN piBEHb BIUIMBY Ha JOBKULIA y YepHiBeubkiid oOmacti, Xxo4a
perioH € (akTHYHO HaWMEHIIWM 3a IUIOMICI0 cepell 3aximHux obmacteil. Taka
cuTyallis 00yMOBJIeHa BUCOKUMU BiTHOCHUMH IMOKa3HUKaMu BUKUAIB 3P, ymoBaMu
BOJOKOPHCTYBAHHS B PETIOHI, a TAKOX 301TBIIEHHIM TUTOII PO3MIIIEHHS BiIXOJIiB.
Crhipg TakoX  BIA3HAYMTH, 10 HE3Ba)Kaloud Ha 3arajbHe  30UIbIIEHHS
HECTIPUSITIMBOTO BIUIMBY Ha JOBKULISI B OCTaHHI POKH, PiBEHb TEXHOTEHHOTO
HaBaHTa)XEHHS B perioHax 3axiJHoi YKpaiHH B I1JIOMY 3MEHIINBCSL.

0,7
0,6
2009-2013
m2014-2018
2019-2023

KIITH
o o o o o
o = N WL A Wn
I
I

BonuHcbka 0071, N

JIbBiBCHKA OOJI.

3akapmarchka o0, I
PiBHeHCBKA 00

TepHoribchKa 001, I

IBano-®pankiBchka 00JI.
XMenpHUIBKA 00JI.
UYepHiBerpka 001

Pucynox 2. lunamika 3mian KIITH nnst perioniB 3axigHoi Ykpainu y 2009-2023 pp.

Amnaniz Tabn. 3 cBimuMTh, IO y mepeBaxkHid OinbmOCTI obnacTeil piBeHBb
TEXHOTCHHOI'O HABAaHTAXXEHHS XapakTepU3yBaBCA SAK He3HauHuil. Y IBaHO-
OpankiBebkiit 1 YepniBenpkiii  (2009-2018 pp.) oOnacTax HaBaHTaXKEHHS
XapaKTepU3yBalIOCh KaTETOPIi€I0 «cepenHiit», y JIbBIBCBbKil — «IiABUIICHUIT».
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BucHoBku

Y po6oTi mpencTaBieHi pe3yibTaTd anpoOarlii METOIUKA KOMIUIEKCHOI OIIHKH
TEXHOTEHHOTO HABAHTAXKCHHS Ha TOBKULISA HA MPUKJIAJIi perioHiB 3axigHol YKpaiHu.
[poBeneHe nOCHiHKEHHS JO3BOJISIE 3pOOUTH TaKi BUCHOBKH:

- B YkpaiHi mepeBakHa OUIBIICTh HAyKOBHX JOCTIKEHb IIOJO OIIIHKH
TEXHOT€HHOTO BIUIMBY BHKOHYETBCS 13 3aCTOCYBAaHHSM METOJIB OLIHKH Ha
OKpEeMi CKIIaJIOBI IOBKIJIIS,

- OIIHKa TEXHOTCHHOTO HABAaHTAKCHHS HAa OKpEeMi CKJIAZOBi JOBKULISA
perioniB  3aximHoi VYkpaiHM 13 3acTOCyBaHHAM pIi3HHX ITOKa3HHKIB
JIO3BOJIMJIA BHM3HAYMTH HaOip mapaMeTpiB sl PO3POOKH METOJMKH
KOMIUIEKCHOT OLIIHKH;

- 3ampOMOHOBAaHO METOMMKY BH3HAYCHHS KOMIUICKCHOTO MOKa3HHKa
TEXHOT'€HHOT0 HABAaHTA)KEHHS Ta OILIHOYHY IIKATy JJIsi BU3HAYCHHS PiBHSA
HaBaHTAKEHHS;

Tabmuus 3. Knacudikamiss piBHIB TEXHOT€HHOTO HABaHTAXXEHHS Ul PErioHIB
3axingnoi Ykpainu 3a 3Hauenusm KIITH

O6JacTh 2009-2013 pp. 2014-2018 pp. 2019-2023 pp.

Bonuuceka 06:1.

3akapmarcbka 0071.

i%iHO-Q)paHKIBCBKa 0,45 (cepenHiit) 0,44 (cepemuiit) 0,35 (cepemmiit)

JIbBiBCHKa 00UI.

PiBHeHCBHKa 0011.

TepHomisbcbka 00J1.

XMeJbHUIIEKA 001.

UYepHiBenpka 001. 0,27 (cepenHiit) 0,26 (cepemHiit)

- HaWHOUIBII 3HAYHMUMHU cepeJ] pI3HUX BHJIB BIUIMBY € ITOKAQ3HUKH
HAKOMWYEHHS BIIXOAIB B perioHax, BUKHIU 3P y moBiTpsHMiI OaceiiH,
06csru ckuniB 3P 31 3BOpOTHUMU BOJIaMU;

- i pi3Hux objacte 3axigHoi YKpainu Ha (OpMyBaHHS 3arajbHOIrO PiBHS
HaBaHTa)KCHHS 3HAYHUH BIUIMB MAlOTh OKa3HUKHU BUKUIB 3P, ckuniB 3P y
ckinaai CB y BomHiI 00’€KTH, HAKONWYEHHS BiAXOJIB, HAsSBHOCTI MICIh
PO3MIIIIEHHS 3BAJIHIIL Ta ITOJIITOHIB BiIXO/IiB;

- MakcuManbHi 3HadeHHst KIITH Bim3Havarotees ais JIbBiBchbKoOi Ta [BaHO-
®paHkiBcbkoi 00nacTed, TaKOXK 3HAYHMN BIUIMB BiJ3HAYAETHCH IS
HaiimeHInoi YepHiBelpKo1 001acTi;

-y HepeBaKHIH OLIBIIOCTI 00JIaCTeH PiBEHh TEXHOTCHHOTO HABAHTAXKCHHS
XapakTepu3yBaBcs SK He3HaYHMH, y IBano-DpaHKiBebKil 1 UepHiBeUbKil —
SIK cepe/iHii, y JIbBIBChKIN — SIK ITiJIBUIIICHUH.
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Po3pobnena meTtommka Moxe OyTH PEKOMEHAOBAaHA 0 BIPOBADKEHHSA Y
MPaKTUYHY JTiSUTBHICTD JepKaBHUX MPUPOAOOXOPOHHUX OpPTaHiB MPU aHajli3i CTaHy
JOBKUJUIA B perioHax, a TaKOK BHU3HAYEHHI HaWOiMbII 3HAYymuX (akTopiB, sKi
(hOopMyTIOTh piBEHb TEXHOTEHHOTO HABAHTAXKEHHS.
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PHOTOVOLTAIC PANEL WASTE: FACTORS, RISKS AND FORECAST
OF ACCUMULATION

Abstract. The article is devoted to the analysis of the processes and prospects of
photovoltaic panel waste generation in the context of the intensive development of
solar energy. The aim of the study is to assess and forecast the generation of
photovoltaic panel waste as a component of waste electrical and electronic
equipment, and to identify the main problems and risks associated with the
accumulation of this waste in the environment. The research methods include the
analysis and systematization of information on assessing factors and forecasting
photovoltaic panel waste generation based on different models.

The study of the panel waste growth under various scenarios, including to the overall
electronic waste flow, has shown that the volume and share of such waste are
increasing rapidly. In 2014, the share of photovoltaic panel waste in the total amount
of waste electrical and electronic equipment was 0.1%, in 2022 — 1%. However, by
2030, the annual volume of panel waste is projected to reach
2.4 million tonnes, and by 2050 — 6.5 million tonnes, which corresponds to 3% and
6% of the projected total amount of waste electrical and electronic equipment. The
main reasons for panel waste generation are the approved average lifespan of
25 years, premature degradation of the encapsulant, extreme weather conditions,
early modernization of operating panels, etc.

The structural features of panels that influence their resource potential and recycling
complexity are considered. The main barriers to effective waste management are
identified: underdeveloped recycling infrastructure, complex panel structure, low
profitability of valuable component extraction, and others.

The theoretical significance of the presented study is in the systematization of
information on photovoltaic panel waste generation, including projections up to 2050
based on various models. According to the obtained results, the volume of waste will
grow rapidly, and under conditions of low recycling rates, this will lead to the
accumulation of such waste in the environment and, consequently, to contamination
with toxic components from the waste. The practical significance of the obtained
results is in substantiating the need to develop sustainable models for the use of panels
and waste management to prevent significant risks in the future.

The value of the study is in the comprehensive comparison of photovoltaic panel waste
growth forecasts, including in relation to the dynamics of the overall flow of electronic
waste. Further research may be aimed at improving recycling systems and developing
effective policies for photovoltaic panel waste management.

Keywords: waste electrical and electronic equipment, recycling, management,
photovoltaic module.
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BIJIXOA ®OTOEJEKTPUYHUX MMAHEJENR: ®AKTOPU, PU3SUKA
TA ITPOI'HO3 HAKOIIMYEHHA

Anomauin. Cmamms npucesuena aHanizy npoyecie ma nepcneKkmus yYmeopeHHs.
8i0X00i6 homoenekmpuyHux namenel 6 ymMosax iHMeHCUBHO20 PO3BUMK) COHAUHOL
enepeemuku. Memor 00CciOxHceHHs € OYIHKA Ma NPOSHO3YB8AHHS YMEOPEHHS 8i0X00i8
Gomoenexmpuunux namenel AK CKIAO0B0I YACMUHU BI0X00I8 eleKMpUUHO20 Mmda
€eKMPOHHO20 0ONAOHANMNS, BUSHAYEHHS OCHOBHUX NPOONIeM Ma PUUKIE, NO8 A3AHUX
3 HAKONUYEHHAM OQHUX 8I0X00i8 Yy 006KiLli. Memoodu 00cniodceHHs noasearoms y
ananizi ma cucmemamu3ayii inpopmayii w000 OYiHKU PAKmopie ma npocHo3yEaHHs;
YMBOPeHHsl 8I0X00I8 (homoeeKmpuiHUX nanenell 3a PisHuMu MOOEISIMU.
Hocnidocennss Ounamixu pocmy obcs2ig 8i0x00i6 nanenell 3a PisHUMU CYEHAPIAMU, 8
momy 4qucni 8IOHOCHO OUHAMIKU 3PDOCMAHHA 30A2AbHO20 NOMOKY eNeKMpPOHHUX
8i0X00i6, NOKA3AU, WO KIILKICIb MAd YACMKA MAKUX 8i10X0018 UEUOKO 3pOCMAIOMb.
Tax, y 2014 poyi yacmka 8i0x00i8 (homoeneKmpuyHux naneiei y 3d2aibHiti Maci
8i0x00i6 eleKmpuUUHo20 ma enekmponnozo oonaonanns ckaara 0,1%; ¢ 2022 poyi —
1%. Ilpome na nepioo 0o 2030 poky npoenosyemvcs 30inbuents piuno2o obcazy
6i0x00i6 naneneti 0o 2,4 man m, ma 0o 2050 poxy - 00 6,5 man m, wo sionosioac 3%
ma 6% 6i0 npocH0308aHOT 3a2abHOI MACU 8i0X00i6 eNeKMPUUHO20 MA eIeKMPOHHO20
o0baaoHants. OCHOBHUMU NPUYUHAMU YMEOPEHHSI 8I0X00i6 NaHeNel € 3amEePONCEHUL
y  cepeonvomy 25-piunuti  mepMin  eKcnayamayii, nepeouacHa Oe2padayis
IHKanCcyisitnma ma eKCmpemMaibHi NO200HI YMO8U, O0CMPOKO8A MOOEPHIZaAYis
npayrouux naueneti mowo.
Poszensnymo xomcmpykyiuini  ocobrusocmi naweneu, w0 GHAUBAIOMb HA  IXHIU
pecypcHuii nomenyian i ckiaoHicme ymunizayii. Busuwaueno ocHosHi 6ap’epu
ehekmueHo20 yNpagiHHA Maxkumu i0Xo0amu: HeOOCKOHANA iHgpacmpykmypa
nepepooOKu, CKIAOHICMb CMPYKMypUu naHenell, HU3bKd peHmabenbHiCmb GULYYeHH s
YIHHUX KOMNOHEHMIB | IHULL.
Teopemuune 3nHaueHHs NPEOCMABIEHO20 OOCHIOHNCEHHS NOAA2AE 8 CUCMeMamu3ayii
iHGhopmayii w000 ymeopenHs 8i0x00i6 (PomoeieKmpuyHUX nameiel, 6 m.4. Ha
nepcnexkmugy 00 2050 poxy 3a pisHumu Mooeramu. 3a OmpumManumu pe3yibmamamu,
KinvKicmb  6i0x00i6 Oyde cmpimko 3pocmamu, wWo, 3a YMO8 HU3LKO2O piGHs
nepepooku, npuzeede 00 HAKONUYEHHS MAKux 6i0Xodie y O008Kilu, omoice, 00
300pYOHEHHST MOKCUYHUMU KOMINOHEHMAMU, wo € y cK1aodi 6ioxodis. [lpakmuune
3HAUEHHs OMPUMAHUX DPe3VIbMmamie noasiecae 8 OOIPYHMYBAHHI HeOoOXiOHOCMmI
PO3POOKU cmanux Mooeiell GUKOPUCMAKHS NaAHeAel Md NOBOOICEHHS 3 810X00aMU OJis
NONEPEeONCeHHS 3HAYHUX PUSUKIG Y MALLOYMHbOMY.
Linnicme  Oocniodicenns nonsieae 'y KOMNIEKCHOMY 3ICIMAGNICHHI  pPe3yibmamie
NPOCHO3I8 3POCMAHHA 8I0X00i6 (DOMOENeKMPUYHUX NaHelel, 6 MOMY YUCH 8
NOPIGHSHHI [3 OUHAMIKOIO 3A2aNibHO20 NOMOKY eleKMpPOHHUX 6i0xodis. ITlooanvuii
00CNi02CEH S MOJICYMb OYMU CNPAMOBAHT HA YOOCKOHALEHHS cucmem nepepooxu ma
opmysanns egexmuenoi NONIMUKU YNPAGIIHHA BI0X00amMu (HomoeneKxmpuyHux
nawneneu.
Knrouoegi cnosa: 6i0xoou enekmpuuno2o ma eieKmponHo2o 001a0Han s, nepepooka,
VNPAGIIHHA, HOMOeNeKMPUYHUL MOOYTb.
https://doi.org/10.32347/2411-4049.2026.1.29-44

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



Beryn

Po3BuTOK MIOACTBa HEPO3PUBHO TOB’SI3aHMK 13 TMOCTIHHMUM  3pPOCTaHHSIM
CTIO’KMBAHHS CHEPTil, M0 3aKOHOMIPHO IPHU3BOINUTD 0 301TBIIIEHHS 3aJIeKHOCTI Bl
TpaAULiHHUX EHEPropecypciB, TAKUX SK BYTJIEBOIHI Ta siiepHe nannBo. Exomorigni
PHU3HUKH Ta MPOOJIEMH, OB’ sI3aHi 3 BUKOPUCTAHHSIM BUKOITHOTO TaJlBa, MOJISATalOTh
y 3a0pyIHEHHI MOBKULIA TPOAYKTAMH TOPIHHS, B T.d. NMApHUKOBHUMH Ta3aMH,
YTBOpPEHHI paliloaKTUBHUX BiTXOIB Ta BUCHAKEHHI 3amaciB KOpUCHHUX KomauH. L1i
BUKJIMKH 3MYLIYIOTH JIFOACTBO JO TOIIYKY Ta BIPOBaKEHHs ajJbTEPHATHBHUX
Jokepen eHeprii. CBITOBOIO CIITLHOTOKO 3asiBIICHUH NUISAX BiJIMOBU BiJl BUKOITHOTO
MajrBa Ta MEPEexXoy 10 BiIHOBIIOBAIBHUX JKepen eneprii. Tak, B 2023 pori Ha
kinimMatnuHid koHepenuii OOH (COP 28) ta camiti G20 B Hplo-Jlemi kpainu
3000B’s13aTMCsT BTPHYl 301IBIIUTH TIOTYKHOCTI BiJIHOBIIIOBAIBHUX KEPEN €Heprii
(BHAE) mo 2030 poky 3 METOI0 OOMEXHTH 3POCTaHHS CEpeaHbOI TEMIEpaTypH 10
1,5 °C BigHOCHO moinmycTpianpHOTO piBHSA [1, 2]. [HBECTHIIIi ¥ BiTHOBIIOBAIEHY
CHEPreTHKY TIATBEPIKYIOTh I[i HaMipW, XO0Y 1 CIIOCTEPIraeThCs perioHaabHa
mucniporiopuist y ¢inancyBarHi. Tak, mpotsrom 2023 poky CBiTOBI iHBeCTHIIi y
BIIPOBaKeHHS HOBUX moTyxHOCTer BJIE mocsrmu 570 mnpn momapis CLIA, mio
nepesuinye nokasHuk 2022 p. Ha 27%, 3 HalOLIBIIMMU OcepeaKaMy GiHaHCYBaHHS
B Kurai, CLLIA, bpa3wii Ta Inmii [1].

OpmHHUM 13 KITFOYOBUX HAmMpsMiB mepexoay Bix Tpaaunidiaux a0 BJE € consuna
CHEepreTHKa, SKa € HAOLIbII TUHAMIYHO 3POCTAIOUOI0 Taly33i0 BiJHOBIIOBAIBHOI
eHepreTHKH B cBiTi. Y 2023 poli yacTka BCTAHOBIIEHHX HOBUX ITOTY>KHOCTEH CKJana
77% Bix 3aranpHOrO BcTaHoBieHoro oocsiry BJIE. B Toil ke yac, vacTka BupoOneHoi
¢doroenexrpuunnmu naxensimu (PEII) enexrpoeneprii ckiana 5,4% Bin riio0anbHOT
re’eparrii exexrpoeHeprii [3].

BupobuunTo dotoenektpuuHux mMoayiniB y 2023 poli A0CATIo pPeKOpIHHX
612 I'Bt, mo Ha 38% Oinbmre, Hix y 2022 pori, i Ha mimux 60% Oinmbire, HIX y
2021 poui (puc. 1) [4].
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[IpoBigHEe MicIle B pO3BHUTKY TIJI00ATHHOI COHSYHOI €HEpPreTHKH 3aitmMae Kurai,
YTPUMYIOUM JIAUPYIOYi MO3MMLii SIK 3 BHPOOHMLTBA, TaK 1 31 BCTAHOBJICHHS
(otoenekrpuunux MoaymiB. Y 2023 pori fioro yactka cknana 84,6% Bij CBITOBOTO
BHPOOHUITBA MOAYJIB [5], a 3arampHa BcTaHoBieHa moTyxHicTh DEII gocsrma
649 I'Bt [6]. BiamoBimHO 10 OHOBIEHUX AaHHX MIiKHAPOIHOTO E€HEPreTHUYHOTO
arentctBa (International Energy Agency, IEA), y 2024 poui cyKyniHa MOTYKHICTh
Bcix @EII y Kurai nepeBunmiia moznauky B 1 TBt (=1048,5 I'BT), mo cTaHOBUTH
46,7% Bix 3aranpHOI BcTaHOBIEHOI oTykHOCTI PEIL y cBiTi [7].

Takuii pe3ynbTaT CTaB MOKIUBUM 3aBJISIKH MAacCIITa0HIH JAepKaBHIM MiATPUMII
Ta CTUMYJIOBAaHHIO PO3BHUTKY BiJHOBIIOBAJIBHOI EHEPreTHKH, PO3BHUTKY Ta
BJIOCKOHAJICHHIO BUPOOHNYOI 1HPPACTPYKTYPH 1 JOCTYIy A0 3amaciB CHPOBHHHUX
pecypciB. i MOpiBHSAHHS 3ayBaKUMO, 1110 PYTe MiCIIe 32 BUPOOHUIITBOM MOJTYJIIB
y 2023 poui Hanexano B’erHamy 3 wactkoro e B 3,4% [5]. Omke, Kurait mae
Oe33arnepeyHe JOMiHYBaHHS Y TJI00QLHOMY BIIPOBAKCHHI COHSYHOI €HEPTeTHKH,
o, B CBOIO dYepry, OOyMOBIIO€ 3HayHW{ BIUMB KwWraro Ha BHpOOHWYHMN Ta
EKOJIOT1YHUI HAPSIMK PO3BUTKY JAaHOI ray3i B IJIOMY.

3a maanmu [EA [7], y 2024 poi B cBiTi Oyno 3monTOBaHo 602 I'BT moTy»)HOCTEH
COHSYHHX €JIEKTPOCTAHIIIN, JOCATHYBIIN CyMapHOi BcTaHOBIIEHOT moTy»)HOCcTi DEIT
B 2,3 TBT (puc. 2). Yactka Kuraro cknana 59% Big HOBHX BCTAaHOBJICHUX F'eHEPALIili.
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Puc. 2. TlunaMika 3pOCTaHHSI CyMapHOI IMMOTYKHOCTI (POTOCTICKTPUYHUX IMaHENeH y CBITI 3a
2010-2024 poku (moOymoBaHO HA OCHOBI JaHUX [7])

[Ipote Taka TeHAEHLis AMHAMIYHOTO PO3BUTKY COHSIYHOI EHEPreTHKH MAa€
3BOPOTHY CTOPOHY — 1i¢ yTBopeHHs Bimxomie ®EIl Ta 3akoHOMipHE 3pOCTaHHS
o60csriB 1x HaxornmueHHs. DEIl knacudikyroTbes SK BIAXOJH EIEKTPUYHOTO Ta
enekrponHoro oonaananHas (BEEO). BEEO Bxe cranu riio6aipHO0 MpoOIeMoro,
TaK SIK € HaOLIbLI 3pOCTAalOYOI0 KATEropi€lo BiAXOIiB y CBIiTi. 32 TaHMMHU 3BITY
Global E-waste Monitor 2024 [8], y 2022 porii 6y70 yTBOpeHO TPUOIU3HO 62 MITH T
TaKHX BiAXOMiB, 1 ymmne 22% 3aJOKyMEHTOBaHI sIK Taki, 110 0(iliiHO epepoOIIeHi.
Cranom Ha 2022 p., yactka BigxoxaiB ®EII ckmamae 0,6 MIH T Bij 3araibHOT Macu
BigxoniB. B cepennbomy, Tepmin ekcruryatanii ®EIT cranoButs 25-30 pokis, micst
4oro 1IX BUKOPUCTAHHS BBaXKAE€ThCS EKOHOMIYHO HEAOIIbHMM. Btpata
eeKTHBHOCTI NaHesel yepe3 Jerpajalio MaTepialiB Ta MEXaHiYHi MOIIKOKEHHS
OpUIIBHAIIYE X BUXiA 3 excruryartamii. Tox B 2030-x pokax OUiKyeThCs pi3Ke
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3poctanHs BimxomiB DEII, sxi HaAOMMKAIOTHCS IO 3aBEPIICHHS CBOTO TEPMIHY
excrutyatanii. 3a mporaosamu [8], B 2030 pomi yTBOpHUTHCS OMU3BKO 2,4 MIIH T
Bimxonie ®EIl, i me 3HaueHHs OyJe TNOCTIHHO 3pOCTAaTH BIAIOBIAHO JIO
BCTAaHOBJIEHUX YCTaHOBOK reHeparlii. Buxomsau 3 00CATiB MOMEpeaHiX yCTaHOBOK
Ta TEMIIIB PO3BUTKY COHSYHOI eHepreTukH, Bigxoan PEII 3 uacom ctaHyTh OITHIEIO
3 HaiOinpmKx cknanosux notoky BEEO.

Hesignosinue ynpasmiaasa Bigxogamu DEII cTBOproe MOTEHIIHHI €KOIOTIYHI
pU3WKH, B TOMY 4YHCII dYepe3 BMICT HeOe3MeYyHNMX pEeYOoBHH 1, BiAMOBITHO,
MPOTHO30BaHMi 0O0csAT AaHux BiaxoniB. IIpoTe edexkTuBHE ympaBIiHHSI LUMH
MOTOKaMHM 4epe3 MepepoOKy BiIXOAIB Ta BiJHOBICHHS KOMIIOHEHTIB O3BOJIIE SIK
3MEHIITUTH HETATUBHUH BIUIMB Ha TOBKIJUIA, TaK 1 BHKOPHCTOBYBATH MTOBTOPHO IIHHI
MaTtepiaau.  AKTYalbHICTh  MPEICTABJICHOTO  JIOCHIDKCHHS  OOyMOBIICHA
HEOOXIIHICTIO y CBO€YACHIA MiArOTOBLI 10 MaHOyTHHOIO 3pPOCTaHHS OOCATIB
BigxoniB ®DEII 3 mMeToro 3amo0iraHHs MosiBi 1 MOCHIEHHIO €KOJIOTr0-€KOHOMIYHHUX
HACNIJIKIB BIPOBa/DKEHHS COHSYHOI eHepretuku. YmpaeninHis BEEO B pospisi
npobnemu 3pocranns BinnpansoBanux ®EII monsrae y ¢opmyBaHHI rinodanbHOT
iH(bpacTpyKTypH Tt 300pY, IEPEPOOKH Ta TOBTOPHOTO BUKOPHUCTAHHS BHUITYYCHUX
KOMIIOHEHTIB.

AHani3 ocTtaHHIX gochaimkens i myOaikanii. [IpoGremaThka ynpaBmiHHS
Bimxonamu ®EIT npoTaroM 0CTaHHBOTO JACCATHIIITTS MPUBEPTAE BCE OLIBIIE yBaru
MDKHApOJHUX OpraHi3allii Ta TpeACTaBHUKIB HAyKOBOi CHiNbHOTH. Tak, y
2016 poui MixxHapogHe areHTCTBO 3 BiIHOBIIOBaIbHOI eHepreTuku (International
Renewable Energy Agency, IRENA) B cmiBnpani 3 mporpamoio IEA-PVPS
MPEeNCTAaBWIIA CBIiTYy TPOTHO3 ImMoA0 oOcsriB  yTBOpeHHs Bimxoxie @EIL,
MOTIEPEPKAIOYM PO TOCTYIIOBE, A€ HEBIIBOPOTHE YTBOPEHHS Ta HAKOIWYEHHS
JICCATKIB MUTbHOHIB TOHH TIAHEJISH, SIKI BUMTYTh 3 J1aJly JI0 CEPEIUHU 1[bOTO CTOJITTS
[9]. Hesiki aHAITHKKM MPOTHO3YIOTh, 110 B pa3i BIPOBAXKCHHS CIICHAPII0 PO3BHUTKY
COHSYHOI EHePreTHKH B paMKax iHTeHCHBHOTO po3BUTKY BJIE o0csr Bimxomis OEIT
Moke 3poctu moHan 200 muH T [10], ToAi sk y 2022 porii (GakTHUHO YTBOPSHO
0,6 maa T Bigxoxis ®EII [8]. B anamituunmx 3BiTax IRENA 3a3Hauaerbcs, 110,
BiANoBigHO 10 «cueHapiro 1,5 °C», nmo 2050 poky CyKkymHa IOTY>KHICTb
BcraHoBiieHNX PEII Mmoxe nocsrtu aecsaTkiB TepaBaT. ToMy HaroJomyeTbes, o 3a
BiJICYTHOCTI CBO€YACHOT'O 3alpOBajKEHHsI HAJICKHUX KOMIUICKCHHUX 3aXOMiB 3
yrumizamii BimnpanpsoBannx ®EIl ganuii THI BigX0MiB MEPETBOPUTHCS HA OJWH i3
HaWBaroMiImx THITIB EHEPTeTUYHUX BiJXO/IB BXKe B HailOmmkui mecatumitts. Lle
TaKOX BIUTMHE Ha 3arainbHe yrBopeHHs BEEO [10].

[MapanenbHO 3 MPOrHO3yBaHHAM yTBOpeHHs o0csriB Biaxoaie DEIL, Bce Ginbie
yBard NPUAUISETBCS NHUTAHHIO HEOOXimHOCTI iX mnepepoOku. PosrmsparoThes
MOJJIMBOCTI BHWIIyYeHHsI 1 TIOBEPHEHHS Yy BUPOOHWYMI LMK MaTepialiB Ta
3MEHIIIEHHs HETaTHBHOTO BILTMBY Ha MOBKULIA. Tak, Mirletz ta in. [11] 3a3Ha4aroTs,
IO ONTHUMIi3alis NepepoOKn i CTBOPEHHS €PEKTHBHUX CHCTEM, SIKi MOJSTaloTh Y
MOBTOPHOMY BHKOPHCTaHHI MmartepiaiiB, BuiaydeHux 3 Biaxoais @DEIL € ogniero 3
OCHOBHHUX CTpaTeriii B HampsiMi JOCSATHEHHS CTiHKOCTI B PO3BUTKY COHSIYHOI
CHepreTMKM Ha piBHI TepaBaTHOro wmacmraby reHepanii eHeprii. Takox
aKIEHTY€ETHCS yBara Ha TOMY, 110 SIKIIO HE CTBOPUTH CUCTEMHY Tally3b epepoOKH
Ta He 3a0e3MeYNTH 3HWKEHHS BTPATH PECYPCiB B IPOIIECi MepepoOKH BiIXO/IB, TO
3pOCTaHHSI COHSIYHOI €HEePreTHKH HEMUHYYe CYIpPOBO/KYBATUMETHCS 3HAYHUMH
EKOJIOTIYHUMH PH3MKAMH, a L€ NPSAMO CYNEPeUHuTh KiHIEBId Il PO3BUTKY W
BIIPOBA/KEHHS IAHOI TEXHOJIOT1T — 3MEHILICHHS HETaTUBHOIO BIUIMBY Ha JOBKULIA.
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AHaji3 pe3ynbTaTiB  OCTaHHIX JOCTIDKEHbh BKa3dye Ha aKTyalbHICTh
BUIICO3HAYCHUX TMpoOJIeM B COHsYHIKM eHepretuni. [IporHosoBani o0csaru
yrBopeHHsT BimxoaiB ®PEIl B KoHTekcTi X XiMikO-MOpP(OJOTiYHOTO CKiIafdy,
HasBHOCTI IIIHHUX Ta HEOE3MeYHNX KOMITOHEHTIB, IO € MTPUTaMaHHUM IS KaTeropii
BEEO, 00yMOBIIOIOTh HEOOXiTHICTh CHCTEMHUX Ta CTaJNX DIlllEeHh B KOHTEKCTI
KHUTTEBOTO LHUKIY NPOAYKTY. 3 IbOTO BHHHKAE€ HEOOXiAHICTh B MOJANIBIINX
JTOCTIDKEHHSIX CHPOBHHHOTO TMOTeHIiamy BimmpanboBaHux DEIl Ta BimmoBimHHX
€KOJIOTIYHUX PU3HKIB.

Mertopomnorisi OOCHIPKEHHS TIONATaE B AHAMITHYHOMY OTJISIAI  CYYacHHX
CTaTUCTUYHUX 3BITiB, MPOTHO3HUX MaTepianiB MikHaponuux opranizamiii (IRENA,
IEA i i) Ta HaykoBHX myOmikariil. 3aCTOCOBaHO METOIM CHICTEMAaTH3allii Ta
MOPIBHAJILHOTO ~aHaji3y: y3aralbHEeHO JaHi IIOA0 [IWHAMIKH BCTaHOBJICHHS
MOTY>KHOCTEW COHSIYHOI eHepreTUKH, MaTepiaiabHoro ckinany @EI Ta HopMaTHBHUX
MIPAaKTUK B Pi3HUX KpaiHax.

Jia KiNBKICHOTO OITiHIOBaHHS MacmTabiB MpoOJeMu BHUKOPHUCTAaHI aKTyasbHi
CTaTHCTUYHI JaHi mo/10 BUpoOHUITBa Ta BctaHoBIeHHS DEIT i ciienapii mporuosis
yrBopeHHs BigxoaiB @EII go 2050 poky.

MeTo10 T0CTiTKEHHS € OIliHKA Ta MPOTHO3YBaHHs yTBopeHH: BinxoxniB DEII sk
ckinagoBoi yactuid BEEO, BU3HaYeHHSI OCHOBHHX MPOOJIEM Ta PU3HKIB, TIOB’ SI3aHUX
3 HAKONMHWYCHHSIM JaHUX BiAXoMiB y moBkimii. O0’ext mociimkeHHs — OEIT sk
gactuHa BEEO. [IpenmeT mocnimkenHs — nporecu yrBoperns Bigxoxnis OEIL

Pe3yabTaTi 10CaigKeHHS

Koncrpyknia Ta matepianbunii ckinag ®EIL. OcroBHa Maca cydacHux OEIT
(=98%) npeCTaRNISIOTh COOOK KPEMHIEBI KPUCTANIIYHI ITaHEII MOHOKPUCTATIYHOTO
THIY, pelTa — TOHKOIUTiBKOBI maHenmi [3]. [IpoTe mie AeCATHIITTS TOMY YacTKH
MOHOKPUCTAJIIYHAX 1 TIONIKPUCTAIYHUX TIaHeNed Bix 3araibHOi KIIBKOCTI
KpUCTAJIIYHUX TaHenel ckiuananu 45% i 55% BignosigHo [9].

TumoBa KpeMmHi€eBa TMaHelb KOHCTPYKLIHHO €  0araTOKOMITOHEHTHOIO
CTPYKTYPOIO, IIapH SKOT MIIIHO CHastHi Ta CIPECOBaHI B TaK 3BaHUN «CEHIBIW», IKUI
CKIIaIa€ThCs 3 Takux MarepiaiiB (y % Binm 3aramnpHOi Macu): 76% — ckio, sike
3axHIae JUIboBY dacTuHy; 10% — TOmiMEpHI KOMIOHEHTH  (TepeBaXkKHO
eTUIICHBIHIIAETaT Ta TMoOJieTWwIeHTepedTanar), sSKi BHUKOPUCTOBYIOTHCS IS
JaMiHyBaHHS Ta i30yAuii GoroenemMeHTiB; 8% — amoMiHieBa paMa, 0 3a0e3neuye
MeXaHI4HY JKOPCTKICTh; 5% — KpeMHieBi GoToeneMenT; 1% — MiTHI TPOBITHUKHY;
< 0,1% npumagae Ha KOHTaKTHI JiHIT 31 cpidna (Ag) Ta mpuIii, o0 MICTHTH OJIOBO
(Sn) Ta ceunens (Pb) [9]. Takum unHOM, OcHOBHUMHU KomnoHeHTamu DEIT € ckio,
a TaKOX TIOJIIMEPU Ta alFOMIiHIiM, sSKi BBaXKalOThCs HETOKCHYHHMMHU. [Ipore € mana
yacTKa MaTepiaiiB, TAKUX SK CBHHEIb Ta OJOBO, SAKi BIJHOCATHCS 10 BaKKHX
MeTajiB 1 € TOKCMYHMMH IJs1 >KuBMX opraizmiB. Cpibimo, A0 TOro x, €
JOPOTOLIIHHUM METaJIOM.

Ha ocHoBi manux mnpo ckmanx DEIl mpencraBumo 00’€MHY CTPYKTYpY
Moy (puc. 3).

TonkomniBkosi @EII, Ha sixi npunagae 6au3bk0 2% PUHKY, BIIPI3HAIOTHCS Bij
KPUCTAITIYHOTO THUITY MaHeJei O MPOCTOI0 Ta TOHIIOK KOHCTPYKIi€er. JlaHuit
THII SBJISI€ COOOK0 TOHKHIA 1Iap (POTOCIEKTPUUHOTO MaTepialy y BUTJISAAI aMOP(PHOTro
kpemHito, Temypun kaamiro (CdTe) Ta minb-inaiii-ramii-ceneniny (CIGS), saxi
HaHECCHI Ha MAKIAIKY — CKJI0, MeTall ud nojiMep. Tak, Hanpuknan, CdTe naneni
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CKJIaJaf0Thesl puOIM3Ho Ha 96% 31 ckia, 3% moniMepiB (ETHICHBIHITIAETAT 1
moyiamin), g0 1% 3 HamiBOPOBIIHUKOBOrO Marepiany (KaaMidd, Temyp) Ta
MPOBITHUKIB, MO0 MICTATh TaKi METalH, SK Millb, CBUHEIb, IIMHK, 0J0BO. CIGS
maHenmi ckimamaroTeess Ha 88-89% 31 ckma, 7% amowmiito, 4% momiMepiB
(eTunenBiHimaneTar, moieTIIeHTepedTaNAT, CHIIIKOH) 1 MeHII HiX 1% mpumnamae
Ha HamBOPOBIAHUKOBUH Tap (iHi#, raii, cenaeH, Miap) [9].

Pama
Ckio

[HKancyssHT

KpemuieBuii
eJIeMEeHT

[akarncynsHT

Tunpna
YacTHHA
Posnoaiisaa
KopoOKa

Puc. 3. CxemaTn4Ha CTpyKTypa TUIIOBOI (POTOENEKTPUYHOT MaHesi

Ax Oyno 3a3naueHo Bumie, OEIl € 6araTOKOMIOHEHTHOIO CTPYKTYpOIO, a Iie
YCKIIQJIHIOE JIEMOHTa)XK Ta BHJIYYEHHS MaTepialiB 3 BiANPAlbOBAHWX ITaHEINeH.
[pubnmzno 90% ix Macu — 11e HEKPUTHUYHI MaTepialin, TOAL K [iHHI Ta TOTEHIIITHO
HeOe3MevHi KOMIIOHEHTH X04Ya W MPUCYTHI B Malii YacTIli, IpOTe HEPO3PHBHO
IHTETpOBaHI B caMmy CTpPyKTypy maHenmi. Lls ocoOnuBicTh maHeneil oOyMOBIIOE
C€KOHOMIYHY MOJIeNIb yTHJII3allii (HU3bKa KOHIICHTPALlIS I[IHHUX METaJIiB BIUIMBA€E HA
peHTa0eNbHICTh MePepOOKH) Ta eKOJIOTIYHI PU3UKH, sIKi TIOB’s3aHi 3 HAasBHICTIO B
CKJIa/li HeOe3MeUHNX, TOKCHYHUX HaBITh Y MaJMX KUILKOCTSIX METAJIiB, III0 BUMArae
PO3pOOKH cIierializ3oBaHuX MOJIeNel yrpaBliHHs JAHUMH BiJIXOJIaMH.

Cepenniii Tepmin ekcrutyatanii kpemHieBuX DEIl cTaHOBUTH Opi€EHTOBHO
25-30 pokiB, 10 BiANOBiAA€ TapaHTIHHOMY IepioAy BiJl BUPOOHHUKA, MPOTATOM
SKOro 30epiraethcsi eeKTHBHICTh mMaHesne B Mmexax 70-80% Bix MOYaTKOBOIO
crany. [erpamauis ¢oTOeNEeMEHTIB € MOBUIBHUM HPOLECOM i, B CEpEIHBOMY,
ckinagae 0,5-0,8% na pik [12, 13]. Ilonpu Te, mo GpaxTHIHUN TEPMiH eKCILTyaTawii
®EIT moxe nepesuiyBati 30 pokiB, micis FOTO CTPOKY 3HAYHA YacTKa MOJIYJIIB
notpe0ye 3aMiHU BHACIIJIOK TIOCTYIIOBOTO 3HWKEHHS TIPOJyKTHBHOCTI, (Di3HYHOTO
MOLIKO/DKEHHSI YW MOPAajJbHOro crapiHHs. ICHyroua TeHIeHLis A0 MiJBUIICHHS
BUX1JTHOT IOTYKHOCTI MOJIYJIiB CIIPHUSIE SIK 3pOCTAHHIO X TEHEPYIOUOro MOTEHIIiaNy,
TaK 1 YCKJIaJJHIO€ TIPOIIECH JIEMOHTaXY .

CydacHi TeHACHIi y BHPOOHUIITBI BKIFOYAIOTh HE JIWIIE BIIOCKOHAICHHS
kpemuieBux ODFEIl, a i po3poOieHHS HOBUX THUIIB MOAYNIB, B TOMY 4YHCIi
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MIEPOBCKITHHUX, SIKI BIJ3HAYAIOThCS HUXKUOK COOIBAPTICTIO, BUCOKOIO €()EKTHBHICTIO
Ta THYYKICTIO, IpOTE Hapasi € mpobjeMu 31 CTabUIbHICTIO, IO MPU3BOIUTH 10
MepeaYacHOr0 BHUBEACHHS 3 JIady, Ta HAsBHICTIO B CKJIaAi TOKCHYHHX CIOJYK
CBUHITIO, [0 YCKIIAAHIOE iX yTwizamito. JloCmiKeHHsI CBiaYaTh, M0 HAsBHUHA y
CKJIaJl TaKuX MaHeJeH CBUHEIb MOJXKE JIETKO IIPOHUKATH A0 IPYHTY Ta POCIIUH, a L€
CTBOPIOE DPH3HMK JJsl JOBKULIS Ta 310pOB’S MoguMHUA. ToMy Hapasi akTHBHO
JOCHIDKYIOTBCS MOSKJIMBOCTI 3MEHIIEHHS TaKOIO PHU3MKY ULUIIXOM 3HIDKEHHS
MepeIyacHol Aerpajamii CTpyKTypH TaKuX MaHenel Ta epeKTHBHUX METOMIB IXHBOI
yrwiizanii [14]. 3a3Haunmo, mo Ha choronHi ocHoBHA yacTrHa ®EIT Ha punky He
MPUCTOCOBaHA [0 JITKOTO PO30HMpaHHs Ha CKJIQJA0BI KOMIIOHEHTH, a L€ BHMAarae
PO3BUTKY Ta BIIPOBAKCHHS BiAOBITHUX TEXHOJOTIH yTHITi3aIlii Ta 3HEIIKOHKEHHS
HeOe3MeYHNX CKIaI0BHUX.

AHani3 ocHoBHHUX ¢akTopiB yrBopenns BigxoaiB ®EIL. VY nHaitOmmkui
JOECATHIIIITTS OCHOBHUM mxeperoM (opmyBanHs Binxoxmis DEIl Oyme mranoBe
BHBEJIEHHS 3 EKCIUTyaTallii BeIWKOI KiTbKOCTI MMaHeNeH, 1o Oyiu BCTaHOBIIEHI Ha
moyatky Ta B cepeamni 2000-x pokis. Ilicns 3akiH4eHHS ~25-pidHOTO mepioxy
eKCIUTyaTaIlii, Il MaHe i MiIATaloTh 3aMiHi, a X BUBEJICHH 3 eKCIDTyaTallii, B CBOO
4yepry, Mpu3BeAe A0 YTBOPEHHS 3HAYHOTO TIOTOKY BIAMOBITHUX BiIXOJIIB.
OuiKyeThCsl, IO TMeEpIli 3HAa4YHI O00’€MHM TaKUX BIIXOIIB BiJl COHSYHUX
enekTpocraniiii nmpumaayte Ha 2030-1i poxu. Tak, 3a manumu Global E-waste
Monitor 2024 [8] B 2030 pori mporHO3yeThcs YTBOPEHHSA 2,4 MIH T, TOAI AK y
2022 poui 6yso yrBopeHo 0,6 MitH T. OKpiM NPUPOJHOTO CTAPIHHSA, IO YTBOPEHHS
BIJIXOJIB TMaHeNel MPU3BOAUTH MEPEAYaCHU BHUXIJ 3 JIAAy IIE /10 3aBEPIICHHS
TEePMiHy eKCIuTyaTamii. Moy MOXKyTh BUXOAHTH 3 Iy Yepe3 BUPOOHNU1 eheKTH
1 Jerpajamiro 3aXUCHOTO MIapy 4epe3 Iito yiubTpadiosieTy Ta BIUIMB ITiJBUIICHOL
TeMIeparypu, ToOTO TieperpiB caMoro MoayJist. Jlo Toro sk, BaXJIMBUM (HaKkTOpPOM
MepeI4acHOTO BUXOMY 3 Jiajy MaHeNlel € eKCTpeMalibHi moroaHi ymoBu. CTUXIHHI
SIBUIIA, SK-TO Tpaji KPYITHOTO pO3Mipy Ta IIKBaJIbHI TOPUBH BiTpY (yparaH), 31aTHi
B KOPOTKi CTPOKH TOIIKOJUTH YH TPHU3BECTH 0 TMOBHOI pyHHAaIil mMaHeneH,
BUBOJITYM 3 JIaJly BCIO TEHEPYIOYY MOTYXHICTh YCTaHOBOK, HE3AJIE)KHO Bim iX
TEXHIYHOTO CcTaHy. Tak, y KOHTEKCTi 30iIbIIEHHS YacTOTH Ta IHTEHCHBHOCTI
eKCTpeMaJbHUX TIOTOAHMX TMOMIH, SIKi OOYMOBIIEHI KIIMAaTHYHHMH 3MiHAMHU,
HMOBIipHICTh NIepeyacHoro BUOYTTs 3 excrutyararii @EIT BHaci 1ok aii mpupoaHnx
YMHHUKIB 3pOCTaE, 1110, B CBOIO YEPry, TAKOXK MOTpedye BpaxyBaHHS IIPH po3poOii
CTpaTerii ynpaBiIiHHS JaHUMH Bigxoxamu [15, 16].

HonatkoBuM ¢akTopom yTBopeHHs Binxozai PEII € nocTpokoBa MojiepHizaiis
COHSYHUX eNIeKTpOocTaHIiid. 3pocTaHHs e(QEeKTUBHOCTI Ta 3HWKEHHS BapTOCTI
naHesiel CTBOPIOE EKOHOMIUH1 CTUMYJIH JIJIsl OHOBJICHHS B)KE BCTAHOBJIIEHUX MOYJTiB
11e 3a/I0BT0 JI0 3aKiHYEHHs iX BUPOOHWYOTO pecypcy. [Ipu mosiBi Ha pHHKY HOBHX
MaHeJe 3 BUILOIO MOTYKHICTIO, 3aMiHa CTApHUX MOYKE OYTH EKOHOMIYHO JOIIJIBHOIO.
e 0co011BO aKkTyanbHO 332 YMOB MOCTIITHOT0 3HIKEHHS BApTOCTI nanenel. Tak, mie
B niepmiomy nporHosi IRENA [11] 3a crienapiem «mxoctpokoBoro BUOyTTs» (early-
loss scenario), o6csiru BimxoaiB @EIT nmpu MacoBiit MojiepHi3allii COHIYHUX CTaHIIIH
MOXYTh 3pocTy 70 78 mutH T 70 2050 poky, mo Ha 30% nepeBuIye o0OCATH BiAXOIB,
IO YTBOPSTHCS 3a 0a3oBoro cueHapito — 60 muH T. ToX, AOCTPOKOBa 3aMiHa
MaHeJe, o He BUKOPUCTAIN CBOTO Pecypcy, SIK MiBUIIYE eQeKTUBHICTh pOOOTH
COHSYHUX €JIEKTPOCTAHIIIH, TaK i TPU3BOIUTH JI0 JIOJIATKOBOTO YTBOPEHHS BiJIXOJIiB
OEII.
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Pusuku 151 A0BKiIsA. 3pocTanHs o0caTiB yTBOpeHH BimnparsoBanux OEIT
301IbLIY€E aKTYaNnbHICTh IPOOIEeMH yIpaBliHHs Bigxogamu sik KoHKpeTHo DEIL, tak
i BEEO B mimomy. 3a BiACYTHOCTI CHUCTEMHU YMpPaBIiHHs, sKa BKIIOYAE
iH(bpacTpyKTypy I mepepoOKu Ta HeHTpamizamil HeOe3MeyHNX BIACTHBOCTEH
TaKWX BIAXOMIB, IX YTBOPEHHS MPHU3BOIUTH JI0 PSAY €KOJIOTIYHUX PU3HKIB.

BignpanroBani @EII moxyTh knacudikyBaTHcs SK HeOC3MEUYHI BIIXOIU YU K
BEEO, 3amexHo BiJg 3aKOHOZABCTBA KpaiHW, B SKili BOHM yTBOpwiHcs. Tak,
BiamoBimHo o Hupektusu 2012/19/€C [17], ®EII BimHOCHUTHCSA A0 4 Kareropii
SJIEKTPUYHOTO Ta €JIEKTPOHHOT0 obnanHanHs «Benuke o0nagHaHHs.

UYepes BiacytHicTh cuctemu ymnpasiinas BEEO, BianpaupoBani @EIl MoxyTh
HAAXOIWUTHU HA IIOJITOHM Ta HEJErajabHi 3BaMIIA Pa30M 3 IHIIMMHU BiIXOAaMHU, IO
MPU3BOAUTE 0 3a0pyAHEHHS NOBKILISA HeOE3MeYHUMH pedoBHHAMH. OCHOBHUM
kommoneHnToM DEII € ckio, sike € HEUTpaTbHUM, aMOP(GHUM MaTepiajaoM, IO He
MmigIaeTecs TpupogHoMy posmnany. llpore, mo ckmamy DEIl Bxomsate # Taki
HeOe3MeYHl CIONYyKH, SIK CBHHEIb, 10 MPUCYTHIN y MPHUITOSX Pa3oM 3 OJIOBOM, YU
Kaamiii 3 Teaypom. [Ipu midicHil CTpYKTYypi MaHeml BayKKi METalll He BUIISIOTHCS
y JOBKLIISA 4Yepe3 HasABHICTh IIapy IHKANCYISIHTY, SKWH 3amobirae mpomy [18],
ONTHAK TIPW TOPYIIEHHI IUTICHOCTI MaHeNeW, HalpHKIaJ, Ha 3BaJWINAX, BaXKKi
MeTaal MOXXYTh BHJIYTOBYBATHCS, IO CTBOPIOE PH3HMK 3a0pyAHEHHs IPYHTIB Ta
IPYHTOBHX BOJI. B pe3ynbraTi BHHUKAE 3arpo3a JJis )KUBUX OpPraHi3MiB, B TOMY YHCI
T IS JTFOIMHY, B OPTaHi3M SIKOT BaXKKi METaI HaIXOSTh Yepe3 TPo(iuHi JTaHIFOTH.
Tak, cBuHelb, SIKM € BHCOKOTOKCHYHHUM METAJIOM, MPHU3BOJUTH A0 TMOPYIICHHS
po0OTH INIEHTPAJIBHOI HEPBOBOI, KPOBOTBOPHOI Ta CEPLEBO-CYAMHHOI CHCTEM.
Y Bunanky JiTeld HaBITP Malli KOHIEHTpAIlii NPU3BOAATH 10 MOPYIIESHHS
KOTHITHBHHUX (PYHKIIIN Ta 3HIKEHHS 1HTEIEKTyanbHHX 3110H0CTeH [19].

OxpiM HassBHOCTI HeOE3MEeUHUX KOMIOHEHTIB, Bigxoau PEII € Takox mrepesiom
BTOPMHHOI CHPOBWHHM, SIKa MOKe OyTH BTpaueHa B pe3yJIbTaTi 3aXOpOHEHHS Ha
MOJIITOHAX Ta 3BajMIaX, 3aMiCTh BIAMOBIAHOI IMEpepoOKH Ta 3alydeHHS Y
BUPOOHUYI ITUKIU. Jl0 CKiIaay naHelied BXOAHMTh BHUCOKOSIKICHE CKJIO, aJIFOMIiHIM,
KpEMHIH, MiJib, Cpi0JI0, CBUHEIIb, OJIOBO — 1€ MaTepialiv, IKi MalOTh IMOTCHIIA JIJIs
MOBTOPHOTO BHUKOPHCTaHHA $K Ans BupoOHMuTBa HOBHX DEIl, Tak 1 iHmmx
npoaykTiB [9]. Cepennst maca ogniei kpemHieBoi @EII cranoButs npudnnsnao 20 Kr
[20] i, BpaXOBYIOUH BiJICOTKOBE CITiBBIJHOIIIEHHS BMICTY MaTepialliB, BUXOAHTB, IO
Omu3pko 15,2 kr mpumazae Ha CKIO, 2 Kr Ha moiiMepu (B OCHOBHOMY
eTUIICHBIHIIANETAT Ta ToJieTmwieHTepedTanat), 1,6 Kr anfoMiHio, 1 Kr KpemHito,
0,2 kr mimi Ta 0,002 kr cpibia Ta 070Ba 31 CBUHIIEM. TaKi OKa3HUKH JO3BOJISIOThH
HE JIMIIE OIIHWUTH peaJbHUH pecypcHui moteHmian onHiei OEIl, ame i
EKCTPAIOoJIIOBATH LIe Ha TI00aJbHOMY piBHi (Tadm. 1).

3Ba)katloud Ha 1€, HaBITh MPH BIJHOCHO HEBEJIHKIA Maci OKpeMO B3ATHX
KOMIIOHEHTIB, 3arajdbHui o0csT yTBopeHux BimxoaiB DEIl Ha piBHI cydacHOro
BUKOPUCTAHHS TaHeJeld CTBOPIOE BeJIMYE3HI MarepiajdbHi TOTOKM LIHHUX
BTOpMHHUX pecypciB. Tako 3a3Ha4nMMo, MO0 BiJCYTHICTh MepepoOHOT
1HGPACTPYKTYpH MPHU3BEJIE JI0 MACOBOTO 3aX0poHeHHs BianpansoBaHux OEIT 4yn ix
YaCTUH MicIs KycTapHOi MepepoOKH, IO, BPAaxOBYIOUM iXHIO 00 €MHICTb,
BUMaraTHMe 3HaYHUX IO Ha 3BAJTUILAX.
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Tabmui 1. OpieHTOBHA Maca KOMIIOHEHTIB THIIOBOT KPEMHI€BOT (DOTOCIEKTPHUUHOT
nanesi [9]

Maca B oHIi# aHe, Maca B 1 TOHHI aHeEH,
KommonenT

KT KI
Cxi10 15,2 760
[Momimepu (EVA, PET) 2 100
AJroMiHIT 1,6 80
KpewmHiii (poToenmeMeHTH) 1 50
Mins 0,2 10

CpibJ10 T2 0JIOBO, CBHHEIIh 0,02 1

Bceroro 20 ~1000

Taxk, 3a mporno3amu IRENA BianosigHo 10 «cueHapito 1,5 °Cy», mo 2050 poky 3
Bigxonis ®EIl y pesynbraTi mepepoOKn MoxkHa OTpumartu Oinmbrie 17,7 MiH T
BTOPWHHOI CHPOBUHH, IO eKBiBasieHTHO 8,8 Mipx momapis CIIA [10].

TakuM 4YWHOM, BiACYTHICTh €(EKTHBHUX MEXaHI3MiB YIpaBIiHHS BiJXOJaMH
@EII, sk i B mwinomy BEEO, cynpoBoKy€eTbCSl PSIOM €KOJOTIYHHUX 3arpo3, cepelt
SIKUX — WMOBIPHICTb eMicii B JOBKULISI HeOe3NMeYHWX KOMITOHEHTIB, BTpaTta
pPECYpPCHOTO TOTEHIIady 1 3aJy4eHHS TEePHUTOpid I 3axopoHeHHs. CyKymHICTh
JaHuX (HaKTOPiB CBIAYUTH PO HEOOXiJHICTh BITPOBAIKECHHS HAICKHUX T IXO/IiB /10
JIeMOHTaxy Ta nepepooku OEIL

@oToeIeKTPUYHI MNaHeJdi B KOHTEKCTI BiAX0miB eJeKTPUYHOTO Ta
eJ1eKTpPOHHOro obduaananus. B uinomy, BEEO ominoThcs SK HaiOLIBII
JMHAMIYHO 3pocTaioua kateropis BiaxoxiB y cBiti. Hani Global E-waste Monitor
2024 [8] cBimuatp, mo y 2022 porii oOCST YTBOPEHUX BiIXOMIB JTOCSTHYB PiBHS
62 miH T, mo Ha 83% Oinbiie, Hix y 2010 pomi, konu Oyno yrBopeHo 33,8 MiH T
BEEO. 3a mepiog 2010-2022 pp. mopiune 3poctands macu BEEO ckiano, B
cepennboMy, 2,4 miuH T [21]. 3pocraHHs oOCsSry YTBOPEHHS IaHHMX BiJIXOiB
MIPOJIOBXKUTHCH 1 Hamam. Taxk, BiAmoBigHO M0 IporHo3iB [8, 22, 23], maca BEEO no
2030 poxy 30iabmHUTECS 0 82 MIIH T Ha piK, y 2040 poui nepeBumuts 100 MiH T,
a o 2050 poky 3pocte o 110-120 mmH T Ha pik (puc. 4), WO CBITYATH TIPO
EKCIIOHEHILIANbHUM XapakTep 3pocTaHHs mopidHoro yreopeHas BEEO.

YTBopenus camux Binxojie MEIl Ha choromHi BiOyBa€ThCs AEUIO MOBUILHO
Bignocno BEEO 3aranom, tak sk Macose Bctanonienus DPEIT mowanocs mocuth
HEJaBHO, a CTAaHJIAPTHUN TEPMiH eKCIUTyaTallii maHenei ckiamae 25-30 pokis.

@EIl, sx ogun i3 tunie BEEO, xapakTepu3yloThCcsl psiiOM CHIJIBHAX O3HAK 3
«knacnuanMm»y BEEOQO, B Toil ke yac MarTh KOHCTPYKTHBHI Ta ()YHKIIIOHAIBHI
BiJIMIHHOCTI, III0 BIUIMBAE HA MiIXOJH A0 iX ynpapniHHA. CHiIbHUM € HasSBHICTH y
cKiani HeOe3MeyHHX, ane ¥ BOAHOYAC PECYPCHOLIHHMX KOMIIOHEHTIB, TaKUX SIK
CBUHEIlb, OJIOBO, KaaMii, cpi0yio, ajaroMiHiM, Mijb, SIKi JOIIJIBHO IIOBEPTATH Yy
BUPOOHWYI IIUKITH. 5K 1 OibmIicTh BUIIB 100yTOBOI enekrpoHiku, DEIT nepexonsiTs
710 KaTeropii BiAXOiB micis 3aKiHYEHHS CBOrO TEPMiHYy €KCILTyaTalii i BUMararTh
BIJIMOBITHOTO 300Dy Ta MEPEPOOKH.

[Ipobnema HU3BKOTO piBHS MepepoOKu XapakTepHa s Beix BuaiB BEEO. Tak,
3a ganuMH [8], B 2022 pomi 3 62 mutH T yrBopenux BEEO nume 22,3% 6yio 3i16pano
Ta nepepobJeHo BiAMOBiAHO 10 BcTaHOBIeHHX cTaHaapTiB. Yactka DEII cknana
0,6 Mt T Bij 3aranpHoOi yrBopeHoi macu BEEO, 3 Hux 3i0paHo Ta mepepoOiieHO
ommseko 0,1 muH kr a6o 17%. lle cBiguuth, mo Bigxomu DPEIl HemocTaTHHO
OXOIUTeHi cucteMoro ynpasminHsi BEEO.
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Puc. 4. /lunamika yTBOpeHHs Ta NporHo3yBaHHs o0csriB yreopennst BEEO 3a nepion 2010-
2050 poxwu [21]

Bigminni pucu @EII Bix Ginemocti BEEO obymosneni, B mepmry 4epry, ix
KOHCTPYKI[IHHUMH OCOOJIMBOCTSAMHU 1 MaTepialbHUM cKiagoM. Ha BiaMiHy Bif
TaKoro o0JaiHaHHs, K cMapTPOHHU, OicHa Ta TOOYTOBA TEXHIKA, K1 € CBOEPITHOIO
BiuTHOW KapTkoro BEEO i € Ginbll KOMIAKTHUMH Y CBOIH CTPYKTYpi, MICTSTh
0araTo KOMIIOHEHTIB, SK-TO JPYKOBaHI IUIaTH, JUCILICH, KOPITYC, IPOBIAHHUKH i T.JI.,
@OFEIl — me BenukorabapuTHa KOHCTPYKINISA, B CKJIAJI SIKOI MepeBaykac oOMexeHa
KIIBKICTh MaTepialiB (CKJIO, IIACTHK Ta amoMiHii). Lle € cipustiueum hakTopom
JUTSL 3alPOBaKCHHS TEXHOJIOTiN 3 ytwiizanii Bigxomie ®EIL. Tak, ckio mMoxHa
nepepoOIsITH TPAAUIIHHUMEI TEXHOJIOTISIMHA, aTIOMIHIEBI paMH TepeTUIaBIsaTH. Bes
CKJIQJIHICTh TIOJSTAE B PO3AUICHHI Ha CKJIAJIOBI YACTHHH Ta BIIIyYEHHI NpiOHUX,
PIBHOMIpPHO PO3MOAUICHHX IO IUIONII LIHHMX Ta TOKCHYHUX MeTamiB (cpibio,
CBUHEIb, 0J10B0), 10 € TurnoBuM it BEEO. KirouoBoro ocobnusictio DEIT €
BIJICYTHICTH PO30ipHOI KOHCTpyKIii. Hasmaku, ®EIl mnpencraBnstore coboro
TepMETUYHI, JIaMiHOBaHI MOJYJi, BHUTOTOBJIEHI 0€3 YypaxyBaHHs TPHHIUITIB
exonu3zaiiny. Illapu ckia, monimMepiB Ta HamiBIPOBIAHUKOBHUX eleMeHTIB (puc. 3)
cKiIeeHi Mk coboro mpu temneparypi 150-200 °C [24] Ta 3a BUCOKOTO THCKY 3
YTBOPEHHSAM  IUTICHOI CTPYKTypH, [IO0 YHEMOXJIHMBIIOE pO3AUIEHHS 0Oe3
TEMIIEPaTypHOro, XiMIi4HOro abo MexaHiuHOro BIUIMBY. Taka ocoOmuBicTe DEIT
Bijpi3Hse Bij 3Buuaiinux BEEO, ne KOHCTpyKIlis B TiK M 1HIIINA Mipi niependadae
MOXIIMBICTh TTOBHOTO YM YacTKOBOTO pPO30MpaHHS Ha CKJIAJOBI, IO J03BOJISIE
BiJJPEMOHTYBATH YW 3aMiHUTH 3JIaMaHy JETallb, TAM CaMHM IMPOJIOBXHUTH TEPMiH
eKcIuTyaTaiii oONaJHaHHs 1, K HACIIJIOK, CIPHUITH 30epeKEHHIO PECypCiB Ta
3MEHIIEHHIO HETaTUBHOTO BIUIMBY Ha JOBKULIS BIAMOBITHO OO0 KOHLEMIi
nUpKyJsipHOl ekoHoMikH (3.0) [25].

[MopiBHsbHMIA aHani3 BropuHHOI cupoBuHH 3 OEIT Ta inmux BEEO mnokasas,
[0 cepeiHs MarepiajbHa MiHHICTH ofHiel ToHHM BinxoniB DEIl 3HauyHO HMXK4Ya,
HIX aHAJIOT1YHA Maca IPYKOBAaHUX IJIaT Yu MOOUIbHUX Telne(oHiB, 10 CKIAAY SKHX
BXOJISITh PI3HOMAHITHI CIIOJNYKH Ta MeETalld, B TOMY 4YHCIi JOPOTOIiHHI,
KOHIEHTpAIlisi Ta PI3HOMAHITHICTh SKUX 3Ha4YHO BUINA. [lpumipom, y
BIJIIPAaLIbOBAaHUX KOMIT IOTEpax Ta cMapT(oHax cCepedHsl YacTKa 30JI0Ta CKIIalae
6mm3bko 280 1/T, siKe, B OCHOBHOMY, 30Cepe/KeHe B Iuarax [22]. Y kpucTamiyHux
®EII 3 10pOoromiHHKX METAIIB € JIKIIe ¢pi0o, BMICT sikoro Meniie 0,1%.

Sk Hacmigok, Takuik mMopdonoriuHuil ckian 1 KoHcTpykuiiiHa OymoBa DEIT
0OYMOBITIOIOTh HH3bKY EKOHOMIYHY JOLIIBHICTh NEepepoOKH, OTKE, BHUHHUKAE
HEOOXIMHICTh y BIPOBAIKCHHI HOPMATHBHUX 1 (DIHAHCOBUX MEXaHI3MiB
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CTUMYJIIOBAHHS YTWIi3allii BigmpamboBaHWX MaHenel. Ha mpakTumi mepepoOka
4acTo 3BOJUTHCS 0 BUITyUCHHS aJIOMiHI€BOI paMH JUIs MIEPEIUIaBKU, NOAPiIOHEHHS
CKJIa 3 BUJTyYEHHSIM SIKOICh YaCTKH BTOPMHHOI CHPOBMHH, & PELITa BiANPaBISETHCS
Ha 3Banuie. opMansHO, Yepe3 MepeBaKaHHs CKJIa Ta aFOMIiHII0 B KOHCTPYKIIIi,
4acTKa BUIY4YE€HOI CHPOBUHHM Bif 3arajbHOi Macu OCATra€e BUCOKOTO 3HaueHH:. o
TOTO K, 3MEHLIEHHS BMicTy cpibna B cknaai OEII 3HmKye eKOHOMIUHY BUTOJY Bif
niepepooku OEIL

AHaJji3 pe3yabTaTiB npornodyBanHs yrBopeHHs ®EII. 3rimno 3 mepmum
nporao3omM IRENA Tta IEA-PVPS [9], mo OyB 3pobnenuit me B 2016 por,
OYiKyBaJoCs, 110 3a 3BHYaiHOTO cueHapito, B 2030 pori cymapHi oOcsTy BigXoniB
@®FEII mpocsrayTts 1,7 Mia T Ta 60 MumH T y 2050 poui. 3a manumu [ 'mobamsHOTO
MOHITOPHHTY €JIEKTPOHHHUX BigxoniB [8], mporno3yetbest yrBopenns OEIT Ha piBHi
2,4 MIH T.

3a crieHapito JOCTPOKOBOTO BUOYTTSI, TOOTO MPH BUXO/I 3 JTaly YaCTUHH MaHeNel
e 1o 3akindeHHs 30-pigHoro TepMmiHy ekcrntyartarii, y 2030 pori cymapHi oocaru
BimxoniB ®EIT nocsaruyts 8 MutH T Ta 78 MitH T y 2050 poti. 3Mo1eIb0BaHI IIOPiYHi
oOcsru  ytBopeHHs BimxomiB DEIl micns 3akiHYeHHS TepMiHY eKCIUTyaTarii
MOKa3yIOTh 3pOCTalody TEHJICHMi. Tak, HaBemeHI JaHi MIOAO MPOTHO3YBaHHSI
o0csriB yrBopenux y 2030 porii BiaxoniB ®EII Ha pisHi 0,36 MIH T 32 3BU4aHOTO
creHapito ta 1,26 MJIH T 3a CIICHapil0 TOCTPOKOBOTO BHOYTTS MPU BCTAHOBIICHHI
HOBUX 9 MitH T @EIL Y 2040 pori Takuit o0csar craHoBUTHME Bif 2,5 10 3,5 MITH T
BiJIMOBIZTHO J10 3BUYAaHOTO CIIEHAPIIO Ta epeaYacHOro BUOYTTS IPH BCTAHOBJICHHI
HoBux 6,5 mma T ®EII (puc. 5). Jo 2050 poky cutyaris HaOyzae mie OinbII
CKIamHOTO Xapaktepy. IIporHo3yeTbcsi yTBOpEeHHS Bin 5,5 m0 6 MIH T BiIXO#iB
@OEII, B 3a1eXHOCTI BiJl ClieHapito, pH MIOPiuHii BcTaHoBIeHiH maci HoBux DEIl y
7 muiH T. TakuM YMHOM, OOCSTH YTBOPSHHMX BiIXOJIB CKianatumyTh 80-89% Bij
Macu HoBuX BctaHOBIeHUX DEI. Tobro piunmii obcsr yrBopenux BiaxoniB DEIT
HaOIIMXKAETHCS 10 00csTy BcraHoBieHuX OEIL

[Iporuoszna mozaens IRENA ta IEA-PVPS [9] 3 cymapauM 00CsSToM BigxomiB
®OEIT 60-78 miua T y 2050 pori po3paxoByBajiacs Ha OI[iHKaX CyMapHOI
BCTaHOBIIEHOI MOTYXHOCTI (POTOENEKTPHUYHUX MaHelNeH, sKa OdiKyBajiacs Ha piBHI
pubin3Ho 4,5 TBT y 2050 poi. [IpoTe peansHuil pO3BUTOK COHSIYHOT €HEPTreTHKU
3HAYHO BHUIIEpEDKAE monepeiHi mporuo3u. Tak, y 2024 porii cymMapHa BCTaHOBJICHA
notyxHicte OEII yxe gocsrna 2,3 TBr [7], a 1o 2050 poky neit moka3Huk Oyne
3HayHO Oinbine 4,5 TBT, BignoBigHo 10 porao3y [26] 6nmssko 8,5 TBT. B 2022
poui IRENA npesncrasuna HOBHii porHo3 cymapaux BinxoaiB OEIT g0 2050 poky
3a «crienapieM 1,5 °Cy [10], BinnoBigHo 110 sikoro cymapHi oocsiru BiaxoniB OEIT y
2030 poi cknaayTs 6m3bko 4 MIH T, a B 2050 poui nepeBuiats 200 MitH T (puc. 5).
OHOBJICHH# TIPOTHO3 CBITYUTH, 1110 OUiKyBaabHI 00csaru BiaxoiB EIT 30inbmaThes
Olmpllle HDK y TpU4i, NOPIBHSAHO 3 TiporHo3oM 2016 poky. BpaxoByrouu, mo
Cy4acHHUI pO3BUTOK COHAYHOT €HEPIeTUKH 3HAUYHO MEPEBHUIIYE TIONEPEIH] IPOTHO3H
[9]y 4,5 TBt y 2050 poui, nporHo3oBana maca cykynuux Biaxozis ®EIl y monan
200 muH T (pHc. 5) BUrIIsAaE OB PEATICTHYHOIO.

OtpumaHi pe3yIbTaTH Aal0Th 3MOTY Kpate 3po3ymitu poib OEI y dopmyBanni
BEEO. Anaui3 noka3sye, mo Hapasi yactka BiaxoniB @EIl y BEEO neBenuka, ogaak
MOJKHA CTBEP/DKYBaTH, IO B MaiOyTHBOMY CHTYyAaIlisl 3HAUYHO 3MiHUTHCA. [Ipo 11e
CBIIYUTH NEPEOPIEHTAIIISI EHEPTeTUYHOTO CEKTOPY BiJI TPAUIIIHHOI EHEPTeTHKU Ha
BJIE, 30kpemMa, Ha COHSUHY €HEPreTHKY, L0 MiATBEPKYETHCS OCTIHHUM POCTOM
IHBECTHIII SK B IOCHIHKCHHS, TaK 1 BIPOBAKCHHS COHSYHOI CHEPTETHKH.
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IIporaosu IRENA Tta IEA-PVPS [9] mpo Te, mo mo 2030 poky cykymHU# 00cCsT
BimxoniB @EI nocsarae 8 mutH 11 10 200 MutH T y 2050 porti, TIABKH MiATBEPDKYIOTh
ue. Takum umnom, vactka DEIl y cknmani BEEO myxe mBunko 30imbmuThCs,
MEpPETBOPHUBIIUCH 3 HE3HAYHOI HA OJJHY 3 OCHOBHUX CKJiamoBux dactud BEEO.
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Puc. 5. IlporHosyBanus o0csriB yrBopeHHs BimxomiB @EIT mo 2050 poky 3a pisHUMH
mogensmu [8, 9, 10]

[Migxoam no ynpasmniaas Bigxogamu OEII 3HaxonsThest Ha cTaii po3pooku. 1lle
y 2012 poui €sporneiicbkuii Coro3, BianoBiano no Jupexkrusu 2012/19/€C [17],
3allpoBa/IMB TMPHUHIMUI PO3IUpeHoi BiamoBinaneHocTi BupoOHuKa (PBB), skwuii
3000B’s13ye BuUpoOHUKIB Ta immoprepiB DEIIl ¢inancysatu 30ip Ta mepepoOKy
BignpanpoBanux PEIl y €Esponelicekomy Coroszi. [lpote, uepe3 TpuBanuii
xutteBuid ki OEIT, He3nauni o0csirn yrBopeHHs BinxoaiB @EII Ta orniHioBaHHS
iX yTBOpeHHs CyKyIHO AjIs Bciei kateropii «Benuke obnagnannas» BEEO, BincyTHs
CTaTUCTWYHA iH(OpMAILis 3 OIHKK eeKTHBHOCTI 3anpoBakeHas PBB [27].

Opnak y Ounbmiocti kpain ®EIT He BimHocsThes ao kateropii BEEO. Tak,
Hanpuknayd, B geskux mrarax CIIIA OEIl knacudikoBaHi sk «yHiBepcalbHi
BiJIXOJIM» 3 METOIO CIPOILIEHHS METOiB perymoBaHHs. Takox Bianpausosani OEIT
MOJKYTh ITiJIIaJaTH ITi]] KaTeropio «HeOe3euHl BIAX011» Yepe3 HasIBHICTh B CKJIaIi
CBHUHIIIO Ta KaJIMII0, aJie BCE 3aJIC)KHUTh BiJl KOHIIEHTpaLlii [28].

OTmxe, mepenoHaMu 10 3alpoBaKEHHS €()EKTUBHOI CUCTEMH YIPaBIiHHA
Bigxonamu DEIl B KOHTEKCTI LMPKYJISIPHOI €KOHOMIKM BUCTYHA€ PsA YHHHHKIB,
cepes SKMX HaWOUIbII BaroMUMH € exoHoMiuHi. [lepepoOka maHeneil motpedye
BUTPAT, AK1 YaCTO HE OKYHOBYIOTHCS Uepe3 CKIIAIHICTh CTPYKTYPHU 1 HU3bKUHA BMICT
LiHHUX KOMITOHEHTiB. He HamaromkeHuii neHTpanizoBanuil 30ip BiAnpaunboBaHUX
na”enei. Takoxk BaXIJIMBY pOJb BiIIrPAtOTh OOCSATH YTBOPEHHS BIIXOJIB, SIKi JIMIIE
HabuparoTh 00epTiB. OnHak HasBHA iH(pacTpykTypa 0e3 BIAMOBIIHOTO PO3BUTKY
OyJie He CIPOMOXKHA JI0 HAJIEKHOTO YIPABIiHHSA MaHOyTHIMH OOCSTaMu BiIXOJiB
®EII, s1ixi OyayTh CTPIMKO 3pOCTATH.
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Y3aranpHUMO, MO YIAOCKOHAJieHHs ympaBmiHHSA Bimxomamu DEII Bkitouae
HACTYMHI MyHKTH: 3alpOBaKEHHS €KOJOTiYHOro [Hu3ailHy — MPOEKTYBaHH:
maHene 3 ypaxyBaHHSAM  MOXKJIHMBOCTI  HepepoOKH, 3a  PaxyHOK
3MEHIICHHS/BUKOPUCTaHHA O€3MIeYHNX KOMITOHEHTIB Ta CIPOIIEHHS KOHCTPYKIIIi;
CTaH[APTH3AIlis IEMOHTAXY Ta MepepoOKU MaHemel; po3poOKa Ta BIPOBAIKEHHS
peryasTOpHOi cUCTeMU 100 ynpaBiiHHs Biaxogamu DEIL.

BucHOBKH Ta nepcrneKTHBYU MOAAJBIINX T0CTiIKEeHb

PesynbpraTtu npoBeneHnx gocnimkeHs o0csariB yrBopeHHs BiaxoiB ®EI mokazanwy,
0 Hapasi aOCOMIOTHI Ta BIJHOCHI 0OCSTH TakuX BimxomiB y ckiani rpymu BEEO
He3HayHi. [Ipotre 3 2030 poky mporHo3yerbest cTpimMke 3poctaHHs: 3 0,6 MiIH T
y 2022 pomi 10 5,5-6,5 miH Ty 2050 pouti. OuikyeTbes Hakonu4eHHs Bigxois @EIT
Ha piBHI 212 MiH T ¥ 2050 pori. @akTopamu, sKi 00YMOBIIOIOTH TaKy CHUTYAIIII0, €
po3BuTok BJIE i COHSYHOI €HepreTHKy 30KpeMa, 3aBEpIIeHHS ITUIAHOBOTO CTPOKY
eKCIUTyaTallii Mmepioro MacoBoro 3amycky mnaneneit y 2000-x pokax, akIIGHT Ha
€KOHOMIYHY e(eKTHUBHICTH ITaHEeJIeH TOIIO.

Binxomu ®EIl cTaHOBIATH 3HAYHI €KOJIOTIYHI PU3WKH IS TOBKUJUIA 4epes
HasBHICTh TOKCHYHHUX KOMIIOHEHTIB Ta HU3bKUH piBeHb yTwii3anii manenei (17%).
OctanHiii (GakTop OOYMOBICHHI CKIaJIHICTIO 0araTOKOMITOHCHTHOI KOHCTPYKIIil
MaHeNeH, Mo yCKIIAIHIOE MPOIEC JEKOMIIO3HUIIIT Ta MiJBUIIYE BapTiCTh OTPUMAHOT
BTOpUHHOI cupoBuHHU. L{inHi kommoHeHTH 3 BiaxoniB OEIT MatoTh uu He HAHWKTY
coOiBapticte cepen inmmx BEEO. Yepe3 BiACYTHICTh HaleXHOI CHCTEMH
ympasninas BEEO Ta mposopux Mexani3miB 3ampoBamkenHs PBB, ocHoBHa
gactuHa BigxoiB DEII He nepepoOisieTses, a BiANpaBIIs€ThCA Ha CKIATyBaHHS UM
3aXOpOHEHHs Ha 3BaynIIax. be3 3anpoBakeHHs e)eKTHBHOT CHCTEMH YIIPaBIiHHS
TaKMMH B1JIXOJIJaMH OUYIKYEThCS MOCUJICHHS HETaTUBHUX €(DEKTIiB JIJIs JOBKULIS Yepe3
3arpo3y 3Ha4YHUX 0OCATIB YTBOPEHHS TaKUX BiJXOJiB B HAHOJIMKYI POKH.

Buxonsuu 3 11bOT0, IOCTA€ MUTAHHS B HEOOXITHOCTI BIPOBAKEHHS CHCTEMHOTO
Ta €KOJIOT0-€KOHOMIYHOTO TiAX0Ty /10 yipasiiHas Bigxogamu OEIL. Skio 3axomu
3 BOPOBaDKEHHS OyAyTh BiAKIAagaTHCA, TO B HACTYNHI  JIECATHIITTS
BIZIHOBIIIOBAJIbHA EHEPreThka CHPUYMHUTH TapajoKC — TEXHOJOTis, M0
BIIPOBXKYBaiacsi Jijisl 3MEHIICHHS HEraTUBHOTO BIUIMBY Ha JIOBKULIA, CTaHe
JOKEpEIoM 3a0py THEHHSI IOBKIJLIIS.
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INNOVATIVE MVP PRODUCT OF THE E-WASTE PLATFORM
ON THE UKRAINIAN MARKET

Abstract. The article presents the development and key features of an innovative
Minimum Viable Product (MVP) of the E-Waste digital platform designed to
enable fast and efficient communication between waste generators and waste-
management operators. The MVP requires the use of modern software-
engineering approaches and geoinformation technologies to address
environmental challenges at local and regional levels. The solution had no
analogues on the Ukrainian market at the time of its creation and is aligned with
EU waste legislation, the National Waste Management Strategy of Ukraine until
2030, and contemporary trends in digitalization and transparent decision-making
for environmental safety.

The E-Waste platform aims to enhance efficiency in waste management, support
monitoring of illegal dumping and uncontrolled disposal, and foster the transition
towards a sustainable circular economy based on ESG principles. Integration
with Geographic Information Systems (GIS) enables mapping of waste locations
and licensed operators, while an analytical module supports governmental and
municipal bodies in tracking waste flows. The platform’s architecture combines
process automation, secure data exchange, and counterparty verification in a
unified information environment.

The socio-economic impact includes stimulation of small and medium-sized
enterprises in the environmental services sector, raising public awareness
regarding proper waste management, and supporting Ukraine’s implementation
of international environmental obligations and EU directives. The E-Waste
platform is considered a promising tool that can underpin further improvement of
waste-management infrastructure, regional scaling, and the integration of
advanced technologies (such as blockchain) to ensure operational transparency.

Keywords: E-Waste, waste management, digital platforms, circular economy,
environmental innovations, data transparency, GIS analytics, environmental
marketplace.
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JlepkaBHa HaykoBa ycTaHOBa «IHCTUTYT €KOJOTiYHOTO BiJHOBIEHHS Ta pPO3BUTKY
VYkpainu», M. Kuis, Ykpaina

211V «lHCTUTYT reoximii HaBKomHMmHEBOro cepenopuma HAH Vkpainm», M. Kuis, Ykpaina
SHamionansnuii yHiBepcuteT «IlonTaBcpka mosiTexnika imeni FOpis Konapatrokay, m. Kuis,
VYkpaina

THHOBAIIIMHAM MVP-TIPOAYKT IJIAT®OPMU E-WASTE
HA PUHKY YKPATHH

Anomayin. Cmammsi 6UCBIMIIIOE CMEOPEHHS MA (DYHKYIOHATbHI 0COOIUBOCTII
innosayivinoeco MVP (Minimum Viable Product) yugposoi nramgpopmu E-Waste,
NPUHAYEHOi 0N ONepamueHoi KOMYHIKayii midxc ymeopiosauamu 6i0xodieé ma
cyo’exkmamu eocnooaprosanis y chepi ynpaeninus eioxodamu. Iloxaszano, wo
PO3pOOKA He MAE aHANo2i8 HA YKPAIHCLKOMY DUHKY HA MOMEHmM CHI8ODEHHS,
sionosioac sumocam Hupexmusu 2008/98/€C ma Hayionanvnoi cmpameeii
ynpagninus gioxodamu 0o 2030 poxy, a makoic cyuacHum mpeHoam yupposizayii
11 NPO30POCMI YNPAGIIHCLKUX PIlieHb.

Inamgopma E-Waste cnpamosana Ha nioguuyeHHs eeKmueHOCmi YIPAGIiHHs
8I0X00AMU, KOHMPONb HECAHKYIOHOBAHUX [ HE3AKOHHUX 38aluly, d MAKONHC
RIOMPUMKY PO3GUMKY YUPKYIAPHOL ekoHoMiKU Ha ocHo6i ESG-nioxody. Inmeepayis
3 eeoingopmayivinumu cucmemamu (GIS) 3abesneuye 6idobpadicenns noxayii
6I0X00i8 | HAUOAUNCYUX ONepamopie, a aHAAIMUYHUL MOOYIb CIMEOPIOE
MOHCIUBOCMT OJiIsL MOHIMOPUHZY NOMOKIE GI0X00I8 OpPeaHAMU OepliCcasHOi ma
MyHiyunanwnoi enaou. Apximexmypa MVP epaxogye asémomamusayiio npoyecis,
saxuweHutt 0OMiH  OanumMu ma GepuiKayilo - KOHMPA2eHMie 6 E€OUHOMY
iHGhopmayitinomy cepedosuiyi.

CoyianbHo-eKOHOMIYHULL edheKm NONA2AE Y CIMUMYTIO8AHHI PO3GUMKY MAJI020 Md
cepeodnvboeo OisHecy y chepi  eK0I020-OpIEHMOBAHUX NOCHYe, NIOBUULEHHI
00I3HAHOCMI U000 HANEHCHO2O YNPAGTIHHA 8i0X00aMU Ma CHPUSHHI BUKOHAHHIO
Yxpainorw mixcnapoonux exonoziunux 30006 ’sa3ans i oupexmue €C. Inamgpopma
po3enadacmocs K  0a308uUll  THCMPYMeHm O0as NOOANbUI020 BOOCKOHAIEHHS
ingppacmpykmypu ynpaeninus eioxooamu, il macwmabysanus ma inmezpayii
HOBIMHIX MeXHO02il (30Kpema 610Kueln) 0151 Ni08UWeHHsI NPO30POCHi onepayii.
Knwuosi cnoea: E-Waste, ynpasninus eioxodamu, yu@posi niamgopmu,
YUPKYAAPHA eKOHOMIKA, eKON02TYHI IHHOo8ayil, npo3opicmb danux, GIS-ananimuxka,
eKON02TYHULL MapKemnielic.

https://doi.org/10.32347/2411-4049.2026.1.45-53
Beryn

Exonoriuna nomituka YKpaiHu OpieHTOBaHa Ha EPEXij 10 UUPKYISIPHOT EKOHOMIKH
Ta 1udpoBsizalii ynpasaiHHs Biaxomamu BianosigHo 10 Jupextusu 2008/98/€C ta
HanionanesHoi crparerii ynpasiinas Binxogamu 10 2030 poxy. OqHak KOMyHiKalis
MiX YTBOpIOBaYaMHM BiJXO[IiB, ONEpaTOpaMu 3 iX oOpoONeHHs W opraHaMy Biagu
3aJIMIIAETHCS (PArMEHTOBAHOK, IO YCKJIAJHIOE KOHTPOJIb IMOTOKIB BIIXOMIB i
CTBOPIOE JIOJIATKOBI PU3HUKH JIJIS IOBKIILJISL.

3a yMOB pO3BUTKY HH(POBUX TEXHOJIOTIH OCOOJINBO aKTyaIbHUM € CTBOPEHHS
IHTErPOBaHUX OHJIAWH-PillIEHb, SIKi 00’ €IHYIOTH YYaCHHKIB PHHKY B €IUHOMY
iHpoOpMaIiiHOMY CepeIOBHIIN, 3a0e3MeuYyloTh ONCPATUBHHA OOMIH JTaHUMH,
BepH(DiKaLil0 KOHTPAreHTIiB Ta aHATITUYHY MIATPUMKY YIPABIIHCBKUX PIllICHb.
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Y 1poMy KOHTEKCTI po3pobiienHs MVP mathopmu E-Waste € mepmum B
VYkpaini npukianoM HuppoBOro iHCTPYMEHTY, 0 MOEAHYE (PYHKIIT €KOIOTIHHOTO
MapKeTIUIeiCy, reoiH()OpMaIlifHOTO CepBiCy Ta aHAIITUYHOI CUCTEMH JJIs OpraHiB
BITAJIH.

006’ €KTOM JIOCITIHKEHHS € Ipoliec UG POBi3allii CHCTEMH YIIPaBIIiHHS BiIXOJaMH
B Ykpaini, a npeametrom — MVP-utatdopma E-Waste sik iHCTpyMeHT onTumizanii
KOMYHIKaIlil M’k yYaCHUKaMH PHHKY €KOJIOTTYHIX TIOCIYT.

AHAaJI3 TocJIiIKeHb Ta MOCTAaHOBKA 3a1adi

CydJacHuil cTaH YNpaBIiHHA BiIXoAaMH B YKpaiHi XapaKTEPHU3YETHCS HU3BKIM
piBHeM nupoBizallii, BIACYTHICTIO €TUHHUX EIIEKTPOHHUX PEECTPIB Ta iIHTETPOBAHUX
KaHaiB B3a€EMOMII MIDK YTBOpIOBauaMH BIiAXOJIB Ta ONEpaTOpaMd PHHKY
ympaBiiHHS Bigxogamu. JlokanpHi 6a3u MaHUX 1 MarepoBi 3BiTH HE 3a0e3MeTyIOTh
CBOEYACHHUI MOHITOPHHT MOTOKIB BiIXO/IB Ta KOHTPOIb JOTPUMAHHS €KOJIOTTIHUX
BUMOT.

3 mo3uImii imKeHepii mporpaMHOro 3abe3nedeHHs HEOOXiMHWM € CTBOpPEHHS
THYYKOI TIaT(hOPMHU 3 MOIYIIEHOIO apXiTEKTYPOIO, SIKa JO3BOJIHTH:

e  MacmTalOyBaTu QyHKIIOHAT;

e  iHTerpyBaTH reoindopmariiiti cepBicu;

e  TAKIIOYATH aHAJNITHYHI MOMYyNi Ta MOXUIMBI (piHAHCOBI/TOKEHi30BaHI
MEXaHI3MH;

e  3a0e3meunTH iH(POpPMAaIIiliHy Oe3IeKy Ta 3aXUCT NEPCOHATLHUX JaHUX.

IaTerpanis 3 GIS € kmOYOBMM iHHOBaNiIHAM KOMIIOHEHTOM, IO JO3BOJISE
IIPOCTOPOBO BiOOpakaTh TOYKW YTBOPEHHS BIIXOJIIB, IUISIXU IX TIEPEMIIIEHHS Ta
pO3TallyBaHHs  JIIIEH30BaHUX  OMEpaTopiB.  ABTOMAaTH30BaHa  IEpeBipKa
KOHTPAreHTiB 4epes3 JepKaBHI PEECTpH MiIBUIILYE JOBIPY MiXK yYaCHUKaMHU PHHKY
Ta 3MEHIIY€E PU3UKHU TIHBOBHX OTIEpPALiid.

TaxuM YHMHOM, 3aBIaHHSIM JOCIIKCHHS € O0TpyHTYBaHHs Ta peaiizaiis MVP-
mwiatpopmu E-Waste, sika MO€JHYy€E TEXHOJOTIYHY IHHOBAI[iHHICTh, MPAKTUYHY
€KOJIOTIYHY KOPHCTh 1 TIOTEHIliall TpaHchopMaIllii CeKTopa yIpaBIiHHS BiaxoqamMu
Ha HaIllOHAIEHOMY DiBHI.

Meta poGoTn

MeTow po0OTH € HayKoBEe OOIPYHTYBaHHs, pO3poOJieHHs Ta ampobaiis MVP-
pitrenns margopmu E-Waste sk 1iudpoBoro iHCTpyMEHTY iHTETpallii eKOJIOTIYHUX,
TEXHOJIOTIYHUX Ta YNPaBIiHCHKHUX MPOLECiB y cdepi yIpaBIiHHS BiAXOJaMH.
3anpornoHoBaHa iHHOBAIIisS IO3BOJISIE:
v\ CTBOPUTH €1uHE iHpOpMAaLIiHiHE CepeIOBHILIEC /IS ONIEPATUBHOI KOMYHIKAIIil
MiDX YTBOPIOBa4aMH BiIXOAIB, OIIEPaTOPaMu Ta OPraHaMu BIIAH;

v/ aBTOMaTH3yBaTH MOLIYK i Mia0ip KOHTPareHTiB;

v/ 3MEHIIUTH 4YacoBi ¥ (IHAHCOBI BHUTpPATH HA OpraHi3aIlil0 EKOJOTTYHUX
MOCIYT;
(hopMyBaTH JOCTOBipHY 0a3y AaHUX MPO MOTOKH BiXOMiB;
MIBUIIATH PO30PICTh Ta KOHTPOJIb 3a MEPEMIILICHHSIM BiIXO/IiB;
MiATPUMATH BIPOBA/PKEHHS TPHUHIUINB IMPKYJSPHOI EKOHOMIKH Ta
eKBiBalIeHTHICTh BUMoOram €C.

ANENEN
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3 TeXHIYHOI TOYKH 30py MeTa BKIIIOYAE CTBOPEHHS MaCIITa00BaHOT MOIYJIHEHOT
apxiTekTypu 3 MoxJuBicTio iHTerpauii 3 GIS, zaepkaBHUMH peecTpamu,
AQHATITHYHUMU MOJYJISIMU Ta TIOTEHIIHO — OJIOKYCHH-TEXHOJIOTISIMU.

MeToauKa J0CTiIKeHb

MeTtoauka mociiKeHHsT 0a3yeTbCs Ha MOEAHAHHI CHCTEMHOTO, aHAJNITHIHOTO Ta
IHKEHEPHO-TEXHOJIOTIYHOTO MIIX0IB 1 BKJIFOYA€E TaKi eTaIlu:

1. Orasg i nopiBHAABbHUN aHaMi3 UUPPOBHUX pillleHb y cdepi ynpaBaiHHS
Bigxomamu B YkpaiHi Ta €C (eNeKTpOHHI peecTpu, MapKeTIUIEWCH, CHUCTEMH
BIJICT&)KEHHSI TIOTOKIB BiAXoniB). Bu3HaueHO (QyHKIIOHATBHI NPOTAJIMHHA Ta
chopMoBaHO BuMoOrH 10 MVP.

2. IlpoextyBanns apxitektypm MVP i3 3acTocyBaHHSAM METOJIB
MPOTpaMHOi iHXeHepil:

- MOJEIOBaHHS KOPUCTYBAIbKHUX CIICHAPIiB (use cases);

- moOynmoBa iHdopmamiiiHoi Mogmeni 0asu  JaHMX 3 ypaxXyBaHHSM
HartionansHoTo KacudikaTopa BiIxoIiB;

- UX/UI-nun3aiiH, opieHTOBaHMIA HA 3PYYHICTh Ta iHTYITHBHICTS;

- BukopuctanHs Agile-migxomy Ta DevOps-ukiny Ui [MOETarmHOTo
BJIOCKOHAJICHHS MPOIYKTY.

3.  AnHagiTuuHe MOAeTI0OBaHHA e(eKTHBHOCTI poOOTH MIaTGOPMH: OIiHKA
gacy oOpOOKH 3aluTiB, CTaOLILHOCTI pOOOTH MOIYJIB, PIBHS 3aXHCTy AaHUX Ta
OYiKyBaHOTO €KOJIOTIYHOTO ¥ COialIbHOTO e()eKTY (CKOPOUYCHHS HECAHKIIIOHOBAHUX
Ta 3MEHIIEHHS HeNeTalbHUX 3BAJMIN, 3pPOCTaHHSA KIJTBKOCTI BepH]IKOBAHUX
TpaH3aKI[ii).

4. 3acrocyBanHs GIS-incTpymeHTiB U1 KapTorpadyBaHHsS JIOKAIlid
YTBOPEHHSI BiJIXO/IiB, MapIIPyTiB IX MepEeMillIcHHsI Ta MPUB’SI3KW KOHTPAreHTIB JI0
KOHKPETHOI TEpUTOPIi.

5. UX/Ul-anani3 mnpoToTHmy: OIHKa JIOTIKK iHTepdeiicy, HaBiraiii,
aIalITUBHOCTI IM3aliHy Ta 3pYYHOCTI JIJIsl Pi3HUX IPYI KOPUCTYBadiB.

Takunii kKOMIUTEKCHHAN MiAXin n03Bojsie omiHuTH MVP-mnarpopmy E-Waste sk
iHCTpyMeHT 1udpoBoi Tparchopmarttii y chepi ynpapiiHHS BiIxXo1aMu.

OcCHOBHI pe3yJIbTaTH J0CTiIZKeHHS

Y pe3ynbTaTi JOCHIIKEHHS CTBOPEHO I1HHOBAIIMHUN MPOTOTHI IAaTHOpMH
E-Waste — MVP nudpoBoi cucteMn KOMyHIKallii MK YTBOPIOBaYaMH BiJXO/IIB,
orepaTopaMy Ta opraHamu Biaau. Po3poOnena apxitektypa 3abe3neuye:
- IIBUAKUHA MOUIYK 1 Mi0ip KOHTPAreHTiB y PEXKUMI PEabHOTO Yacy;
- kyacuikalliio BiIX0MIB 3a HAIlIOHAJbHUMH CTaHIapTaMU;
- TPOCTOPOBY Bi3yali3alilo JIOKalild BIAXOAIB i HAHOIMKYMX JIIEH30BAHMX
omneparopiB (GIS-6110k);
- 3axXuWIIeHui oOMiH JaHUMH Ta BepHQIKaIlilo YIaCHHUKIB yepe3 iHTerparlio 3
Jiep>KaBHUMH PEECTPAMU;
- aHaNITHYHY HiITPUMKY OpraHiB BIaJH 00 MOHITOPHHI'Y IOTOKIB BiXOZIB.
[posenennit UX/Ul-ananiz miaTBepAMB iHTYITUBHICTH 1HTEpPQENCY, JOTIYHY
CTPYKTYypy Ta TOTOBHICTh JI0 MOJaNbIIOro MacmraOyBanHs. Cepen HarpsMiB
YIOCKOHAJICHHS — PO3IIUPEHHS IOBIAKOBOro OJOKY, amanTauist iHTepdeiicy mis
MOOUTHHUX MIPUCTPOIB Ta ONTHUMI3AIlis KapTorpadigHOro BiZ0OpaKeHHS.
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3 TOYKH 30py COIIIAIBHO-€KOHOMIYHOTO e(dekTy, BmpoBamkeHHS MVP-
miatdopmu E-Waste cripuste:
- CKOpOYCHHIO Yacy Ta BUTpAT Ha IMOIIYK OMepaTopiB;
- 3MCHIICHHIO HECAaHKI[IOHOBAHUX BHUKHJIIB T HEJIETaTbHUX 3BAJIHIIL,
- migrpumi po3Butky MCII y cepi exonoriqyHrIX MoCIyT;
- TapMoHi3amii NpaKkTUK YOpaBliHHA Bigxogamu 3 BuUMoramu €C Ta
MDKHApOJIHUMH 3000B’ I3aHHSAMH Y KpaiHH.

Orasposuii onuc naargopmu E-Waste

CrBopenunit MVP-nipororurr E-Waste € nepimiM B YKpaiHi pillleHHSM TaKoro THITY
Ta MOETHYE:
1. YHIKaJbHiCTBH pillleHHA:
- iHTerparis QyHKIii ekoIorivHOro MapkeTtieiicy, GIS Ta anamitukwy;
- aBTOMAaTH30BaHa Kiacu]ikarlis BiXOIiB;
- TIepeBipKa yYaCHHUKIB y €IMHOMY iHGOPMALIiTHOMY CepeIOBHIIII.
2. IIpakTH4YHY KOPHCTb:
- 3MEHILEHHS TPaH3aKUiMHHUX BUTPAT YUaCHUKIB PHHKY;
- CTBOPCHHS OJATKOBUX MPO30PHX YMOB ISl YKJIaJaHHS YTOZ;
- COpUSHHS TOBTOPHOMY BHKOPHCTAHHIO PECYPCIB Ta IUPKYJISIPHIA €KOHOMILI.
3. IuHoBauiliHi KOMIIOHEHTH:
- imrerpais 3 GIS mist BimoOpaskeHHs JIOKAIlil BIIXO/IIB Ta ONIEPaTOPIB;
- MOAYJb HAKONMWYCHHS MaHUX JUIS aQHAIITUKA Ta IUIAHYBaHHS Ha PiBHI
perioHiB.
4. ConiaJbHO-eKOHOMIYHHUN eeKT:
- HOBI MOJIMBOCTI JIJISl MAJIOTO 1 CEpeHBOro Oi3HECY;
- MiJBHIIEHHS €KOJIOTTYHOI CBIJOMOCTI;
- MiATPUMKA BUKOHAHHS €BPONEHCHKUX €KOJIOTTYHUX BUMOT.

Onuc inTepeiicy Ta apxiTekTypH

InTepdeiic mmardhopmMu peanizoBaHUIl YKpaiHCBKOIO MOBOK) 3 MOXKITUBICTIO
JI0JTaBaHHs aHIJIOMOBHOI Bepcii. OCHOBHI €JIEMEHTH:
- BEpXHs MMaHeNb HaBiraiii (JIOroTHI, HOBUH ITOCT, YaTH, IPO(DiTb, epeMrukayd
MOBH);

- nmiBa maHenb (QIUIBTPiB (TN BigXOJiB, PETiOH, IMEPiojA, Maca, yYMOBH

nepeaayi);

- LEHTpaJbHUIA CIHUCOK OTroliomeHsb ((poTo, Ha3Ba BiAXOIIB, Bara, JIOKaIlis,

MepioJt JIOCTYITHOCTI);
- CTOpIHKA OTOJIOIICHHS 3 PO3LIMPEHOIO iH(hOpMaIIi€ro (OIUC, KapTa, JaHi IIpo
KOMIIaHil0, MPOMO3HILIiT).

OCoONMBICTIO apXiTEKTYpH € BHUKOPHCTAHHA MeEXaHi3My «iH(popMariiHux
TOKEHIB» JUIsl JIOCTYITy JIO PO3NIMPEHUX JaHUX IMPO BiJXOJW i KOHTPAreHTIB, IO
CTBOPIOE JIONATKOBUH piBEHb KOMEPLiHHOI MOTHBALil Ta KOHTPOJIO 3a SIKICTIO
iHpopmauii. [lependadena MOKIUBICTD HAJACWIAHHS W OTPUMAaHHs MPOIO3HLIH, a
TaKOX BII0OPY HaWKpalyx YMOB CITIBIIpalli yTBOPIOBAYEM BiIXOJIB.
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306paxennst 3. CTopiHKa OTOJIOIICHHS Ta OTPUMAHHS MPOMO3HUIKA KOpPHCTyBada —
YTBOPIOBaYa BiTIXO/IiB

BucnoBku

1. Po3pobnena MVP-marpopma E-Waste € iHHOBaliiiHuM nudpoBuM
IHCTpYMEHTOM, IO TMO€AHye (YHKUiOHAN MapkeTmieiicy, GIS-cepsiciB Ta
AHATITHYHUX MOAYJIB JIJIsl YY9aCHUKIB PUHKY YIPABIiHHS BiIXOJaMH.

2.  Apxitektypa muatdopmu 3abe3nedye MacHITabOBaHICTh, IHTErpaIlifo 3
Jiep>KaBHUMH PEECTPaMH Ta MOTEHIiall BIPOBAPKEHHS OJIOKYEHH-TEXHOJIOT1H, 1110
BIJIMIOBiJa€ Cy4yacHMM BHUMOTaM IU(PpoBoi TpaHcopmaiii Ta eKOJIOTIYHOTO
YIIPaBIiHHS.

3. BmpoBamkenns E-Waste cripusic 3MEHIIIEHHIO HECAHKIIIOHOBAHUX BUKHUIIB,
PO3BUTKY LUPKYJISPHOT €KOHOMIKH, IMiJIBUIICHHIO MPO30POCTI PUHKY SKOJOTIYHUX
MOCTYT 1 BAKOHAHHIO YKPaiHOIO MDXKHAPOAHUX EKOJIOTTYHUX 3000B’13aHb.

4. Tlomanpmuii po3BUTOK IUIATGOPMH TOB’I3aHUH 13 PO3MIMPEHHAM reorpadii
3aCTOCYBaHHsS, IHTErPaIli€l0 3  HAIIOHAILHOK  CHUCTEMOI  EIEKTPOHHOTO
MOHITOPHHTY BiAXOIiB, CTBOPEHHSM MOOUTFHOTO 3aCTOCYHKY Ta MOTJIMOJIEHHSM
AHAITI THYHUX MOXKIIMBOCTEH JIJIS IeP’KaBHUX 1 MyHIIUIIATBPHUX OPTaHiB.
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SUBSTITUTION OF METHODS FOR MANAGEMENT OF POLYMER
COMPONENTS OF WASTE ELECTRICAL AND ELECTRONIC
EQUIPMENT

Abstract. The analytical review is aimed at an expanded study of modern concepts
and practical solutions for the management of polymer components of waste
electrical and electronic equipment (WEEE), which form rapidly growing
technogenic flows and are characterized by increased material and technological
complexity. Polymer fractions in WEEE are characterized by low suitability for
reuse due to their multicomponent composition, the presence of toxic functional
additives, heterogeneous morphology and difficulties in separation from metal,
ceramic and composite elements, which exacerbates the problem of transfer of
persistent organic pollutants, halogen-containing compounds and thermal
degradation products into the environment. Within the framework of the research
analysis, infrastructure schemes for the collection and primary treatment of WEEE,
including municipal logistics hubs, stationary and mobile collection points, deposit-
return mechanisms and extended producer responsibility instruments, were
considered, with an assessment of their effectiveness and key limitations.
Considerable attention is paid to high-tech solutions, including optical
identification systems, robotic dismantling modules, digital trajectory platforms for
tracking material flows, intelligent container complexes and sensor Smart Bins. The
engineering practices of leading world companies that implement closed polymer
cycles, use automated reverse logistics chains and ensure a high level of selective
extraction of material fractions are analyzed. The experience of European WEEE
pre-processing centers that operate in accordance with EU regulatory standards
and demonstrate effective models of selective preparation of polymers for further
use is highlighted. Based on the generalized results, a set of scientifically based
recommendations has been formed to improve the efficiency of WEEE polymer
component management, which involves the integration of innovative technologies,
regulatory practices and circular economy principles to minimize environmental
risks and improve the resource cycle.

Keywords: polymer components, waste recycling, circular economy, automated
sorting, reverse logistics, waste collection optimization.
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BiHHUIIBKHUI HaIllOHAFHUH TeXHIYHUN YHiBepcUTeT, M. BinHUI, YKpaina

OBIPYHTYBAHHS CIIOCOBIB YIIPABJIIHHS IMOJJIMEPHUMMU
KOMITIOHEHTAMM BIAXOAIB EJJEKTPHYHOI'O TA
EJIEKTPOHHOTI'O OBJIA/THAHHS

Anomayin. AnanimuuHuil 020 CIPAMOBAHUT HA POZUIUPEHE BUBYEHHSL CYUACHUX
KOHYyenyil i npakmuyHux piuiensb wooo YNPAaGinHi NOJIMEPHUMU CKIAOHUKAMU
8i0X00i8 eleKmpuuHo20 ma eieKmponHozo obraonanus (BEEQO), saxi ¢oopmyroms
WBUOKO3POCMAIOY] MeXHO2eHH] NOMOKU MA XapaKxmepusylomvCs nioGUeHoIo
MamepianvHolo Ul MexHono02iuHo cknaouicmio. Ilonimepni ¢paxyii y BEEO
BUDISHAIOMbCA HU3LKOI HPUOAMHICIIO 00 NOBMOPHO2O GUKOPUCIAHHS Hepe3
b6acamoKkoMnoHeHmMHUI CKIA0, HAABHICMb MOKCUYHUX (YHKYIOHATbHUX 00DABOK,
pizHopionicmb  mopghonozii ma mpyoHowi BIOOKpeMAeHHs 8i0 Memdaesux,
KepamiuHux i KOMNO3UYIUHUX eleMeHmis, Wo 3a20Cmpioc npobiemy nepenecents y
O006KILIL  CMIUKUX OP2AHIYHUX 3a0pPYOHIOSAUI8, 2ANI02EHOBMICHUX CHNONYK [
nPOOYKMIi8 MepMIuHO20 pPYUHYSaHHs. Y Medcax OOCHIOHUYbKO20 —AHANIZY
PO32ISIHYMO IHOPACMPYKMYpHI cxemu 30upants ma nepsutnoi 0opooxu BEEO, wo
BKAIOUAIOMb MYHIYUNANbHI JO2ICMUYHI GY3U, CMAYIOHAPHT U1l MOOIIbHI NYHKMU
NPULLMAHHSA, O0eno3UMHO-NOBOPOMHI MEXAHI3MU MA [THCMPYMEHMU pPOZUWUPEHOT
8I0N0BIOANILHOCMI BUPOOHUKA 3 OYIHKOIO IX pDe3yibmamueHOCmi ma KIYO08UX
obmedcens. 3nauny yeazy npuodileno 6UCOKOMeXHOIO2IUHUM PIUEHHAM, ceped AKUX
onmuyHi i0oeHmu@ikayitini cucmemu, poooOmMu308ari Mooy 0eMOHmMaxicy, yupposi
MpaekmopHi naamgopmu 8i0CmedHceHHs. MamepiaibHUX NOMOKI8, iHmeleKmyaibHi
KOHmMeliHepHi Komnaexcu ma cexcopui Smart Bins. Ilpoananizosano insicenepni
NPAKMUKY  NPOBIOHUX CIMOBUX KOMNAHIL, WO GNPOBAONCYIOMb  3AMKHYMI
NONIMEPHI  YUKIY, BUKOPUCMOBYIOMb  ABMOMAMU308AH] NAHYI02U 360POMHOL
Jocicmuku  ma 3a6e3neuyiomsv  GUCOKUUl PiBEHb  CENeKMUBHO20  BUNVYEHHS
MamepianvHux paxyin. Buceimieno 00c8i0 €6pOnelcbKUX YeHmMpie NonepeoHbo2o
o0bpobnennss BEEQO, sxi Oitomb 6i0nogiono 0o pezyismopnux Hopm €C ma
O0eMOHCMPYIOMb  ePeKMU6Hi MOOeli CeleKMUHol nio2omosKu noaimepie 00
nooanvuiozo euxkopucmanns. Ha ocnosi yzazanvnenux pesyibmamis cghopmosano
KOMAIEKC — HAYKOBO — OOIPYHMOBAHUX — PEKOMeHOayill w000  niOs8UujeHHs
eexmusHocmi ynpagninua noaimeprumu komnonenmamiu BEEE, saxuil nepedbayae
inmezpayito THHOBAYIUHUX MEXHONIOR2Il, pPe2yIAMOPHUX NPAKMUK MAa NPUHYUNIE
YUPKYTAPHOT eKOHOMIKU O MIHIMI3ayii eKONO2IYHUX PU3UKIE | 80OCKOHAIEHHS
PECYPCHO20 YUKTLY.
Kniouosi cnoea: nonimepni Komnowenmu, nepepooxa 6i0xo0ie, YUPKYIAPHA
EeKOHOMIKA, A8MOMAMU308aHne COPMYBAHHI, 360POMHA JNO2ICIMUKA, ONMUMIZAYis
300py 6i0x00i8.

https://doi.org/10.32347/2411-4049.2026.1.54-68

Beryn

VYnpaBmiHHS BiIXOAaMHU €JIEKTPUYHOTO Ta ejekTpoHHoro obnaaHanus (BEEO) e
OJIHI€I0 3 HAHAaKTyalbHIIINX €KOJOTTYHHUX MPOOJIEM Cy4acHOCTI. 3TiJHO 3 JaHUMH
I'mo6ansHOro MOHITOPHHTY €IeKTPOHHHX BiAXoiB [27], y 2019 poii B ycboMy CBITI
Oyi0 yTBOpeHO 53,6 MUIbHOHA TOHH EIEKTPOHHUX BIAXOMIB, 1 IEW IMOKa3HUK

MIPOIOBXKYE 3POCTATH 3 CEPEIHBOPIYHUM TeMIIoM Y 3-4%.
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[TomimMepHi KOMIIOHEHTH, SIKI CTAHOBJIATH 3HauHy YacTuHy BEEO, € ocobmmuBo
CKJIQJIHUMU JIJIsl TIEPEepPOOKH 4Yepe3 IXHI0 PI3HOMAHITHICTh, HASBHICTh TOKCUYHUX
n00aBoK Ta TexHosoriuHi oOMexeHHs [3]. Hanpukman, y ckiagi enekTpoHHHX
BIJIXOJIIB YacCTO 3yCTPIUaIOTHCS TaKi IUTACTHKH, K aKPIIIOHITPUI-0YTadi€H-CTHPOI
(ABS), momictupoi (PS), momikap6onat (PC) ta mominpomninen (PP), koxxeH 3 skux
BHUMarae creru@iqHux MeTo/[iB IepepoOKy.

EdextuBre ynpasninas nmomiMepHumu komnoneHTamu BEEO Mmae Bupimansae
3HA4YeHHS JUIA 3MEHIICHHS eKOJIOTIYHOTO BIUTMBY Ta peali3amii HpUHIUMIIB
LUUPKYJISIPHOT EKOHOMIKH. 3TiHO 3 TociiukeHHs iMe [27], mue 17,4% enekTpoHHHX
BiIXOXiB y CBiTi Oyno 3i0paHo Ta mepepobieno y 2019 poui, mo mixkpeciroe
HeOOXiTHICTh BAOCKOHAJICHHS CUCTEM 300Dy, COPTYBaHH: Ta mepepooku. [lomimepHi
BIIXOJM, SKI HE TiJAr0ThCsl MPaBHIIBHINA YTWIi3alii, 4acTO MOTPAIUIAIOTh Ha
3BAJIMIIA, JI¢ BOHU MOXYTh BUIUIATA TOKCHYHI PEYOBHMHH, TaKi SK JIOKCHHU Ta
(hypaHu, 0 CTAHOBUTH CEPHO3HY 3arpo3y IS 3J0POB’ S JTIOJeH Ta HABKOJIHUIIHEOTO
cepemoBuia [5].

OpHi€ro 3 KIOYOBHX MPOOJIeM y Tiepepooini noiniMepHux komoneHtis BEEO e
iXHE BIAMIIEHHS BiJ IHIIMX MaTepialiB, TaKUX SK METaIH, CKJIO Ta Kepamika.
Hampuxian, y cknagi eneKTpoHHHX MPHUCTPOIB YaCTO 3YCTPIYAIOTHCS KOMITO3UTHI
MaTepiaiy, SKi YCKJIAJHIOIOTH TPOLEC COpTYBaHHs. 3TiHO 3 MOCTIKEHHIMHE [5],
HasBHICTB JOMIIIOK y MOJIMEPHHX BiJX0JaX MOXKE 3HH3UTHU iXHIO IPUAATHICTh JJIS
BTOpUHHOro BHKOpucTaHHs Ha 50-70%. Tomy po3poOka edeKTHBHUX METOHIB
BIUTUICHHS TMOJIIMEPHUX KOMIIOHEHTIB € KPUTHYHO BKJIMBOKO JUIS IiJABUINCHHS
SIKOCTI TIEPEPOOKH Ta 3MEHIIICHHS 00CATIB BiIXO/IiB, 1110 MOTPAIUISIOTh HA 3BAJIMIIA.

Kpim Toro, 3pocTtaHHs 0OCATIB EIEKTPOHHHX BIAXOIIB CYHPOBOKYETHCS
30iJBIIEHHSM KUTBKOCTI TOKCHYHHX PEYOBHH, SKi MICTATHCS B TOJIMEPHUX
KoMmrnoHeHTax.  Hampuknax, momiBiimxmopun — (IIBX), skuit  mmpoxo
BUKOPUCTOBYEThCS B CIEKTPOHII, TPU MEXaHiuHiiH oOpoOIi MOXKe BUALIATH
XJIOPUCTI CHONYKH, [0 € MIKI[UIMBUMHU s 3I0poB’sl mpaniBHukiB [16]. Lle
MiKPECIIOE HEOOXIHICTh PO3POOKH OE3MEYHHX METOAIB OOpPOOKH MONIMEpPHUX
BIJIXOJIIB Ta BIPOBAPKEHHS CYYaCHHMX TEXHOJIOTIH, SIKi JIO3BOJISIOTh MIHIMI3yBaTH
PU3UKH JUTSA 3/I0POB’ S Ta HABKOJHUIIIHEOTO CEPEIOBUIIIA.

Y 1bOMY KOHTEKCTI aKTyaJlbHUM € BIIPOBAPKEHHS 1HHOBAIIMHUX MiAXOIIB IO
ynpasiiHHs noniMepauMu komrnoHeHTamu BEEO, siki BKITIO9al0Th BAOCKOHAICHHS
METOJIIB 300py, COpTYBaHHS, IEpEepPOOKHM Ta pO3pOOKYy HOBHX MaTepiais,
CIpSMOBaHMX Ha 3MEHIIEHHsS €KOJOTiYHOTO BIUTMBY. Hampukian, BUKOpHCTaHHS
ABTOMATHU30BaHUX CHCTEM COPTYBaHHs, TaKMX SIK ONTHYHI Ccemaparopud Ta
poOOTH30BaHi IIiHII, JO3BOJIIE 3HAYHO IJBUIIUTH €QEKTHBHICTH IpPOIECY
BiJUIJICHHSI TOJIiMepiB BiA iHmMMX MarepiaiiB. Kpim Toro, po3poOka 3aMKHYTHX
IUKJTIB BUKOPUCTAHHSI TIOIMEPIB JEMOHCTPYE TIOTEHIIIAN JUTS 3MEHIIEHHST 00CATIB
BIJIXO/IIB Ta eKOHOMIi pecypciB [7].

Takum 4MHOM, YympaBliHHS nOJIMepHUMH KommoHeHTamu BEEO €
KOMILJICKCHUM 3aBJIaHHSIM, SIKE BUMArae iHTerpauii TeXHOJOT1YHUX, eKOJIOTIYHUX Ta
EKOHOMIYHHX IMiAXO0IB. Y 1[Il poOOTI pO3risAaloThCsl OCHOBHI aCTIEKTH YIIPABIIiHHS
NOJIMEPHUMHU  BIIXOAaMH  €JIEKTPHYHOIO Ta  EJIEKTPOHHOro  oOJagHaHHS,
BKJTIOYAIOYH aHalli3 ICHYIOUHX CHCTEM 300pY, METOIM COPTYBaHHS Ta NepepoOKH, a
TaKOXX PEKOMEHMAIIl II0J0 ONTHUMI3alii MUX MpoleciB. MeTo MOCTIIKEHHS €
po3poOKa HAyKOBO OOIPYHTOBAHMX IIAXOMIB JO MiJBUIICHHS e(PEKTUBHOCTI
ynpaBiiHHS nojiMepHUMH KommoHeHTamu BEEO, mo chnpustime 3MeEHIIEHHIO
€KOJIOTIYHOTO BIUIMBY Ta peajizaiii MpUHITUIIB MUPKYIBSIPHOT EKOHOMIKH.
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Pe3ysbTaTu 10CHiIKeHHS

AHaJIi3 iCHYI0OYHX cHcTeM 30HpPaHHA eJIeKTPOHHUX BiIX0AiB

[TomimMepHi KOMITIOHEHTH BiIXOIIB €IEKTPUIHOTO Ta SIEKTPOHHOTO 00 HAHHS
(BEEO) cTaHOBNATH 3HAYHY YaCTHHY 3aradbHOTO 00CATY eeKTPOHHHUX BiIXO0MiB. Ix
yTUIi3amig Ta nepepoOka € CKIaJHOI0 3a1aueio Yepe3 Pi3HOMAaHITHICTh XiMi4HOTO
CKJIa[ly, HasBHICTh TOKCHYHHUX JT0OABOK Ta TEXHOJIOTIYHI OOMEKEHHS. Y TIPaBIiHHI
MOJIIMEPHUMH  BIAXOJaMH TOTpeO0ye KOMIDIEKCHOTO TIAXOMy, IO BKIIOYAE
BJOCKOHAJICHHSI METOJiB 300py, COpTyBaHHS, MepepoOKH Ta PO3pOOKH HOBUX
MaTepialiB, CIPIMOBAHUX Ha 3MEHIICHHS €KOJIOTIYHOTO BIUIUBY.

EdextuBHe ynpasniaasa nomiMepHuMu KoMmoHeHTaMu BEEO mounHaeThes 3 1x
MPaBUIILHOTO 300py Ta COPTyBaHHs. [CHYI0Yi cucTemMu 300Dy, Taki K MyHIIIUIAIbHI
MYHKTH, pO3ApiOHI TOYKH Ta MOOIIbHI 30ipHi ITyHKTH, IEMOHCTPYIOTh Pi3HUI piBEHb
edextuBHOCTI. OpHAK IS TOJIMEPHUX BIAXOMIB KIFOYOBHM 3aBJaHHAM €
3a0e3redeHHs iX BiIOKpeMIIEHHS BiJI iHIIMX MaTepialliB, TAKMX SK METAIIN Ta CKIIO.

EdextuBne 30upanus enekrpoHHux BinxoniB (BEEO) e mepmioro naHkoo B
CUCTeMI IXHBOTO YIIPABIiHHS, BiJl KO 3aJIE)KHUThH YCIIIIHICTh MOJATBIIOT TEpPEPOOKH
Ta MiHIMi3amisg eKoJoTiYHuX pu3uKiB. CydacHi cucTeMH 30MpaHHS 0a3yrOThCS Ha
PI3HUX OpTraHi3allifHUX MOJENsAX, IO BPaxXOBYIOTh E€KOHOMIYHi, COIiajibHi Ta
TEXHOJIOTI4HI OCOOIMBOCTI PETiOHIB.

OpHiel0o 3 HAWMOMMpEHIMUX MOAENeH € MyHIImansHi TyHKTH 300pYy,
OpraHi3oBaHi OpraHamu MicueBoi Bmagu. Hampuxian, y HimeuumHi wmepexa
crauionapuux myHkTiB Wertstofthofe 3abesneuye 30ip mo 65% BEEO 3aBnsku
MUPOKiA moctynHocTi 1t HacenmeHHs [13]. Taki cuctemMu  J0O3BOJSIOTH
KOHTPOJIFOBATH SIKICTH BiJIXOIB, ajie MOTPEeOYIOTh 3HAYHMX BUTPAT HA yTPUMAaHHS,
0COO0JIMBO B CIIBCHKIN MiCIIEBOCTI.

VY KkpaiHax i3 pO3BHHEHOIO 1HPPACTPYKTYpoOlo, sIK SMOHis, KIFOYOBY pOJb
BIJIIrPalOTh MPOTpaMu PO3MIUPEHOT BiAMOBiqabHOCTI BHpoOHUKiB (aHri. Extended
Producer Responsibility, EPR). 3rigHo 3 3akoHoM mpo mnepepoOky mHoOyTOBOi
TEeXHIKH, BAPOOHUKH 3000B’s13aH1 30upatu 710 80% CBOET MPOIYKIIiT, 10 CTUMYJIIOE
pO3poOKy ekonoriyHo Oumbin Oe3nednux npuianiB [1]. OmHak 1 Momendh 4acTo
CTUKAETBHCS 3 MPOOJIEMOIO KOHTPOIIIO 33 JIOTPUMAHHIM 3000B’s13aHb BHPOOHHKIB,
0COO0JIMBO B perioHax i3 clabKUM perytoBaHHSIM.

Po3npiOHi Toukm 300py, iHTErpoBaHI B MepeKi Mara3uHiB eJIEeKTPOHIKH,
3a0e3neuytoTh 3pyuHicTh i crioxkuBauiB. Y CLIA kommnanis Best Buy yepes cBoro
cucreMy npuiiomy crapux npuiaiaiB 3 2009 poxy 3i0pana 2,7 minespaa ¢yHTIB
CJIEKTPOHIKH Ta TEXHIKU JUIS TepepoOKH, MO poOUTH X HAHOLIBIIMM po3ApiOHIM
30upaueM eneKTpoHHHX BigxoniB y Crnomyuenux Llrtarax [17]. He3Baxarouu Ha
e(eKTUBHICTh, TaKi CUCTEMH 0OMEXKEHI THITAMHU BiJIXO/IIB, 1110 IPUAMAIOThCH, 1 4aCTO
HE OXOIUTIOIOTh BEJIMKOTa0apUTHY TEXHIKY.

Jiist moKpamieHHsl JOCTYIHOCTI B MPOBIHIIHHUX PErioHax BUKOPUCTOBYIOTHCS
MoOinbHI 30ipHi myHkTu. Tak, y Kanagi MoOinpHI pimeHHs, SK 1 cTaumioHapHi
MOJTyJIbHI CHCTEMH, € OJTHOIO 3 JJaHOK B JaHItory EPR, ne BupoOHUKY (piHAHCYIOTH
nepepoOKy depe3 300pu abo BJIAacHI MpOrpaMu TMOBEPHEHHS TOBapiB. 3TiHO 3
HaIlOHAJILHOIO MOJIEIUTIO, po3po0iieHoro y 2004 poui, Taxi iHILIaTHBY AOTIOMAararoTh
smeHmuTH 4Yactky BEEO na 3Bamumax (icropuuno — 90%), ane moTpeOyrOTh
MOJIAJILIIOTO BJIOCKOHAJICHHsI. Hampukiaa, BIpoOBa/HKEHHS IUJILOBUX IMOKa3HHKIB
nepepoOKH, CTUMYJIB UIA «3€JIEHOro» AW3aliHy NPOAYKTIB Ta PO3IUPEHHS
OXOIUICHHS BiJTaJiecHuX perioHiB. TexXHOJIOTiUHI IHHOBAIT1, TaKi SK aBTOMAaTH30BaH1
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copryBaipHi JdiHilI y Edmonton Waste Management Centre, AeMOHCTPYIOTh
MOTEHIIi A AJ1s MiABUIICHHS e()eKTUBHOCTI, aje X BIPOBAIKCHHSI BUMAarae 3HaYHUX
iHBecTHIii [11].

[HHOBAIIHHUM pIMIEHHAM € JIENO3UTHO-TIOBOPOTHI CHUCTEMH, SIKI MOTHUBYIOTH
HaCeJICHHS MMOBEPTaTH Bigxoau depe3 (inancosi ctumynn. Y IlIBernii Taka Moxens
3aCTOCOBYETHCS JUIs 300py OaTapel, 3a0e3neuyrodn piBeHb MOBepHEHHS 65% [12].
OpmHak aaAMiHICTpaTHBHA CKIIAIHICTE 1 BHCOKI BUTPATH Ha BIIPOBAKEHHS pOOJIATH 11
MCHIII TIPUBAOJIMBOIO IS KpaiH i3 HU3BKUM PIBHEM JOXOIIB. Y TaKHX perioHax
nepeBakae Heopmanbauii cexrop: y I'ani ta [anii no 90% BEEO 30upatoThcs
MPUBAaTHUMHU KOMIIAHISIMH, SIKi TPOAAIOTh Biaxomu Ha nepepoOky [20]. Lle
3a0e3nedye HHU3BKY COOIBapTiCTh 300py, ane CyMpOBOIKYETHCS CEPHO3ZHUMHU
PHU3UKaMH IS 340POB’ sl MPaLiBHUKIB 1 3a0pyTHEHHSM TOBKLLIS Yyepe3 BiICYTHICTb
TEXHOJIOT1H 3HEHIKOIXKEHHSI.

Kitto4oBi BUKITMKY crucTeM 30MpaHHs BKIIIOYAIOTh HI3bKY 0013HaHICTh HACETICHHSI.
Hocnimxenns €spocrarty [10] nokazano, mo nume 35% cnoxusayiB y €C 3HaIOTH
npo HasBHICTH MyHKTIB 300py BEEO. Onrtumizaliss MapmpyTiB TpaHCIIOPTYBaHHS
CTaJia HaraJJbHUM ITUTAaHHAM JUTS KpaiH i3 po3pi3HEHOI0 iHPPaCTPYKTypOIO.

OpmHHUM 13 IEPCIIEKTUBHUX HAIPSAMKIB YAOCKOHaNIEHHS crcteM 30upanas BEEO
€ inTerpauiss nudpoBux TexHonorid. 3okpema, BukopuctanHs loT (Internet of
Things) i MOHITOpUHTY CTaHy KOHTEHHEpIiB it 300py BiIXOIIB O3BOJISIE
ONTHMI3yBaTH MapLIPYTH TPAHCHOPTYBAaHHS Ta 3MEHIIUTH BUTPATH HA JIOTiCTHKY.
Hanpuxman, y Benwkiii Bbpuranii BmpoBamkeHo cucreMy Smart Bins, ska
ABTOMATHYHO TIOBIZIOMJISIE OTIEPATOPIB PO 3alIOBHEHICTh KOHTEHHEPIB, 10 3HAYHO
migBurye ehekTuBHiCTh 300py [1]. Taki pimeHHs TakoX MOXYTh OyTH KOPHCHUMH
JUTS BiJIJAJIEHUX PETIiOHIB, A€ TPaauIliitHI MeTou 300py € Hee(heKTUBHUMU.

[Ile oMHUM BaXKIMBHM acleKTOM € PO3BUTOK CUCTEM 3BOPOTHOI JIOTiCTHKH, SIKi
3a0e3MeuyloTh IOBEPHEHHS BIAXOMIB BiJ] CHOXHMBA4YiB JI0 BUPOOHUKIB abo
nepepoOHuKiB. lle BuMarae TicHOI B3aeMomii MiXK BHUPOOHMKAMH, PO3IpiOHUMEU
MepeXaMu Ta JIOTICTHYHUMH KOMITaHisIMH. AHali3 Cy4yacHHX KEHCIB ympaBIliHHS
MOJIMEPHUMH ~ KOMIIOHEHTAMH  BIJIXO/IB  €NEKTPUYHOIO Ta  EJEKTPOHHOTO
obnamnanHs (BEEO) nemoHcTpye, 1m0 eQeKTHBHE BIPOBAKEHHS CHCTEM
3BOPOTHOT JIOTICTHKH € KITIOYOBHM €JIEMEHTOM Yy 3a0e31eYeHHI CTalIoro po3BUTKY Ta
MEPEXO0.Iy J0 IMUPKYJISAPHOT eKOHOMIKHM. OHUM 13 HAWOUIBII TOKa30BUX MPHUKIIAIIB
e mporpama Dell «Closed Loop Recycling», sika peanizye 3aMKHYTHHA LHKJI
BUKOPHCTAHHS IUTACTHKY, 310paHOTO 31 CTapHUX MPUCTPOIB, JIs1 BAPOOHUIITBA HOBOT
npoaykiii [9]. e miaxia He juine 3MeHIIye 00CATH BiJIXOIB, IO HOTPAIISIOTH
Ha 3BAIMIIA, alle ¥ 3HAYHO CKOPOYye MOTpPe0y y BHKOPHUCTaHHI TEPBUHHUX
MaTepialiB, IO CYTTEBO 3HW)KYE EKOJOTNIYHMHA CJlil KOMMaHii. AHaIOriuHy
cTpaTeriio BIpoBajiia koMmnanis Apple y pamkax nporpamu «Apple Trade In», ne
BUKOPUCTAaHHS pOOOTIB il PO30HMpaHHS NPUCTPOIB JO3BOJISE EPEKTHBHO
BiJJOKpEMJIIOBAaTH TMOJIMEPHI KOMIOHEHTH Ui MoAanblioi mepepodku [6]. Taki
1HIIaTUBY MiIKPECTIOITh BAXJIMBICTH 1HTErpauii iHHOBAalliHHUX TEXHOJIOTIH Y
MIPOIIECH 3BOPOTHOT JIOTICTHKH.

[HIIMM BaXJIMBHM AaclieKTOM € CIIBIpaus MiX BUPOOHHKAaMH, PO3APiIOHUMU
MepeXaMu Ta JIOTICTUYHUMM KOMIIAHIsIMU, IO JO3BOJIE CTBOPIOBATH e€()EeKTUBHI
cucTeMH 300py Ta TpaHCIOpTyBaHHs BiaxoniB. Hampuknax, nporpama HP «Planet
Partners» meMOHCTpye, SK opraHizoBaHuii 30ip Ta TepepoOKa KapTPUKIB s
MPUHTEPIB MOXKYThH 3a0€3MEeUNTH 3HAUHY EKOHOMIIO PECYpCiB 1 3MEHIIUTH BHKHIH
Bymiekucioro rasy [23]. IlomiOHI MeXaHI3MH aKTUBHO BHKOPHCTOBYIOTHCS
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KOMITaHI€0 Samsung y paMkax iHimiatuu «Re+», e cremiansHi MyHKTH 300py Ta
JIOTICTUYHI MEpexi 3a0e3MeuyroTh NOBEPHEHHS BIAXOJIB Bijfl CIOXHBAdiB JI0
nepepoOHuX 1eHTpiB [24]. 1li npukiaam migKpecionTh, M0 YCIlHA peai3allis
3BOPOTHOi JIOTICTHKM BUMAara€ He JHINEe TEXHIYHWX pillleHb, ajxe W diTKOi
KOOpJMHAII{ MIX yCiMa Y4aCHUKAMH JIAHIIOTa TIOCTABOK.

BaxxmBuM eneMeHTOM y T100aJbHOMY KOHTEKCTi € HOpMaTHBHE PEryIlOBaHHS,
SK€ CTHMYJIOE BHPOOHHKIB [0 BIPOBAKEHHS BIiAMOBITATFHUX TPAKTHK
yopaBninHs ~ Bigxomamu.  [upektmBa — €Bpomelicekkoro  Corozy — miono
BiNPaIbOBAaHOTO €JICKTPUYHOTO i enekTpoHHoro obnagHanns (Jupextusa BEEO)
[2] € sicCKpaBUM NPHUKIAAOM TOTO, SK 3aKOHOJABYi iHII[IaTMBU MOXYTh CIIPHITH
PO3BUTKY CHCTEM 3BOPOTHOI JIOTICTHKH. B pamkax mi€i AMPEeKTUBU BHPOOHUKH
3000B's13aHi 3a0e3medyBaTH 30ip Ta mepepoOKy eIeKTPOHHUX BiAXOIB, 1110 BKIFOYAE
i momiMepHi KoMoHeHTH. Lle mpu3Beo 10 3HaYHOTo 301IBIICHHS PiBHS IEPEPOOKU
BEEO y €Bpori Ta cTBOpeHHS €IWHUX CTaHAAPTIB IS YIPABIIHHS BiXOJaMHU.
TakuM YWHOM, TOE€THAHHA TEXHOJOTIYHHUX, OpTaHi3aliiHUX Ta HOPMATHBHUX
MIIXOMIB € HEOOXIHO YMOBOK [UIsl JTOCSATHEHHS €()EKTHBHOCTI YIPaBIIiHHS
MOJIIMEPHUMH BiJIXO/IaMH €IEKTPUIHOTO Ta eNEKTPOHHOTO 00JIaTHAHHS.

VY3arajpHIOI0UM, Cy4acHI KeWCH CBiguaTh MpPO T€, II0 BIPOBAKEHHSA CHCTEM
3BOPOTHOI JIOTICTHKH JJIsl YNpaBiiHHA noniMepHuMu KomroHeHTaMn BEEO e
KOMIUICKCHHM TIPOILIECOM, KM BHMarae iHTerpallii iHHOBAI[IMHMX TEXHOJIOTIH,
TiCHOT B3aeMOJIii MK yYaCHMKAMH JIAHITIOTa TMOCTAaBOK Ta MIATPUMKH 3 OOKYy
3aKOHOMABUMX IHiiaTuB. Taki MIXOAWM HE JIUINE CHPUSIOTh 3MCEHIICHHIO
HETaTMBHOTO BIUIMBY Ha HAaBKOJIMIIHE CEpElOBHINE, ajle W BiOKPHBAIOTh HOBI
MOJXKITMBOCTI UIsI €KOHOMIl pecypciB Ta CTBOPEHHS MIOAaHOi BapTOCTI B yMOBax
LUPKYJIIPHOT eKOHOMIKH. OTXe, KIIIOUOBHM HANPSMKOM PO3BHTKY CHCTEM 300py
BEEO crane iHTerpaifisi KOHIENIT HUPKYJAPHOI €KOHOMIKH, IIO mependadae
CTBOPEHHS 3aMKHEHHX IWKJIIB BHKOPHUCTAHHS PECypCiB, 1€ BIJXOIU CTarOTh
CHPOBHHOIO JIJIs1 HOBUX IPOJYKTIB.

AmnHaJi3 icHyro4ux crnocofiB Ta 3ac00iB 1151 30epiraHHs eJIeKTPOHHUX BiTxoaiB

EdexTuBHe 30epiraHtst BiX0/IiB €JIEKTPUYHOTO Ta EIEKTPOHHOIO OOJIaHAHHS
(BEEO) € KpUTHYHHMM €TaloM Yy CHCTEMi YNpaBJiHHA LUMHU BiAXOZaMH, OCKIIBKH
BiJl HBOTO 3aJIEKUTh 30€peKEHHS pecypciB, MiHIMI3aIlisl €KOJIOTIYHUX PU3HKIB Ta
3a0e3neueHHss e(EeKTHBHOCTI mojanpmioi  mepepoOku. CydyacHa TpakTHKa
nependadac BUKOPUCTAHHS PI3HUX METOJIIB, KOXKEH 13 SIKUX Mae crienndivyHi yMOBU
3aCTOCYBaHH:, 0OMEKEHHS Ta MepeBary.

OpMH 3 TOIMUPEHUX MiAXO0JIIB — THMYACOBE 30epiranHs Biaxo1iB 0€3M0CepeIHBO
Ha Miclli X YTBOpPEHHs, HANpUKIAJ, Ha TEPUTOPil MiANPHUEMCTB abo B
JoMorocnofapcTax. Bimxoan 30epiraroTbes B cremiaqbHO BiJBEJCHUX 30HAX,
4acTo y BUTIISII OKPEMUX KOHTEWHEPiB a00 3aKpUTHX NpUMiIeHb. [1J1s1 3aro0iranHs
OKHCHEHHIO METaJIiB a0 Jerpajaaiii moigiMepiB HEOOXIAHUN 3aXUCT BiJl BOJIOIOCTI,
yipTpadioneTy Ta MEXaHIYHHUX MOIIKOMXeHb. Hampuknan, mnatu 30epiraioTecs B
AQHTHUCTaTUYHUX YNAKOBKAaX, a KOPIYCH NMPWIAJiB — HA NaJIETax 3 MONIETHICHOBUM
nokputTssM. Ileli wMeron 30epiraHHs JIO3BOJISIE 3MEHINUTH BUTpPATH Ha
TPaHCHOPTYBAaHHS LUIIXOM KOHCOJiAamii 00CATiB, @ TAKOX CHPUSE NONEPEAHBOMY
copryBaHHI0. [IpoTe HOr0 OCHOBHHUM HEAOJIIKOM € BHCOKHI PHU3MK MOIIKOIKEHHS
KOMITOHEHTIB, 30KpeMa IOJIMEPHUX EJIEeMEHTIB, II0 YCKJIaIHIOE IX MOJaibIIIe
BUKOpUCTaHHS. KpiM Toro, HeIoOTpUMaHHs HOPM 30epiranHs (HapHUKIaI, 3aXHCTy
BiJl BOJIOTOCTi 200 BUTOKY TOKCHYHUX PEUOBHMH) MOXKE MPU3BECTH 110 3a0pyAHEHHS
HaBKOJIMIIHBOTO CEPEJOBHUINIA.
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Crieriani3oBaHi  IIGHTpH 30epiraHHs, oOJaHaHI CHCTEMaMH KOHTPOJIIO
MIKpOKJIIMaTy Ta MEXaHIYHOI'O 3aXUCTY, NPOMOHYIOThH OiNIbII Oe3Me4YHi YMOBH IS
TuM4acoBoro HakonuueHHss BEEO. Taki 00’ekTu 3/1aTHI BMIlIlyBaTH 3Ha4YHI 00CSTH
BIIXOJIB, TII0 POOUTH iX ONTUMAILHHUMH IJIS TIPOMHCIIOBHX PETiOHIB ab0 MiCT i3
BHCOKHM piBHEM CIIOKMBAHHS eJEeKTPOHIKHA. HesBakaroun Ha e(DEKTHUBHICTH, iX
eKCIUTyaTallisi BUMarae 3HauyHUX (iHAHCOBHX iHBECTHIIH, a TaKOX PEryJsSpPHOrO
MOHITOPHHTY IS 3aro0iraHHs KOpOo3ii 9u Jerpaaariii MaTepiais.

CremiamizoBadi 1ieHTpr 30epiranas BEEO € KII0Y0oBUMH elIeMEHTaMH
iHOPaCTPYKTypu [Uid e(QEeKTHBHOTO YIMPAaBIiHHA EJIEKTPOHHUMH Bigxonamu. B
€Bpomi, Hanpuknaza, ueHTp Stena Technoworld (LBewnist) inTerpye 30epiranus 3
MIOTIEPETHBOI0 TIEPEPOOKOIO: BIAXOAN PO3MIIIYIOTHCS B TEPMETUIHIX KOHTEHHEpax
3 (QinpTpamMu ISl TOKCMYHHMX BHUIMApiB, a aBTOMATH30BaHi JiHil 3AiHCHIOIOTH
JIpoOJIeHHS Ta cenapallito MatepianiB. O0’exT BiAnosinae pumoram [upexktusu €C
2012/19/€C [2], i3onroroun Hebe3nmeuHi KOMIIOHEHTH (pTyTHI Jammu, Oatapei) B
OKpeMi 30HH, 1 00pobiisie moHaa 50 THC. TOHH BiXO/iB MIOPOKY [26].

VY Benprii Ta Himeuunni komnanis Sims Lifecycle Services cTBoproe ymMoBH 1t
36epiranas BEEO 3 Tounum konTponeM TemmepaTypu (15-20 °C) ta Bomorocri. i
LEeHTpHU 00JTaHaHI aBTOMAaTH30BaHUMH KOHBEEPAMHU ISl COPTYBAHHSI TUIAT, KaOeliB
1 MoJiMEepHUX KOpITyciB, a cucTeMa peuupkyssinii mositps 3 HEPA-dineTpamu
3aro0irae MOMMPEHHIO TOKCUHIB [25]. L{i TeXHOJIOTIT TaK0K 3HAXOATh PO3BUTOK Y
Higepiaancekomy 1ieHTpi  Coolrec, skuii croemiamizyerbcss Ha mepepoOrr
BEJIMKOTa0apUTHUX IOOYTOBUX TPHIIAMIB.

Coolrec inTerpye mepezoBi pilieHHs [8] 4eTBepTOi MPOMHUCIOBOI PEBOJIOLII,
30KpeMa aBTOMaTH30BaHI JiHii U1 00pOOKH CKIIaHIX BiAXOIB, TaKi K YHIKaJbHA
cHCTeMa BHJAJCHHS aMiaKy 3 XOJOAWIBHHKIB, mo Bixnosizae Bumoram WEEE-
Labex. [js migBuIEHHS SKOCTI BTOPHHHOI CHPOBHHHM IIEHTP BUKOPUCTOBYE
BHCOKOTOYHI CENapaTropyd METaliB, SKi JIO3BOJISIOTH BiJOKPEMJIIOBATH aJIIOMIHIH,
MiJp Ta JAPYKOBaHI MmiaTu 0e3 HeOOXiTHOCTI eKCHopTyBaTH Biaxoau 3a mexi €C.
Hudpori TexHOMOTIT 320€3MeYyI0Th MOHITOPHHT TPOLIECIB y pealbHOMY Yaci: JiaHi
3 BarOBHX CHUCTEM, TPAHCTIOPTY Ta BUPOOHUYUX JIiHIil aBTOMATUYHO iHTETPYIOTHCS B
enuHy TaTdopMmy, a Oyab-iKi BiAXWICHHS (HANPHUKIAJ, HEMOBHA YTHIIi3allisd
MPHUCTPOiB) (iKCYIOTHCS POTO3BITAME Ta HETAIHO NIEPEAAOTHCS KITIEHTAM.

Baxxmeum exonoriuauM focsirHeHHsiM Coolrec ctana yctaHOBKa pexymnepartii
BUJIyBHUX areHTiB, fKa 3aMiCTh TPaIUIiHHOTO CTUCHEHHS BUKOPHUCTOBYE
OXOJIOJDKEHHS JUTS 3P1JDKEHHS IIKIIJIMBUX PEYOBHH, 3a1100Irarouy ixX MmoTparuissHHIO
B armoctepy [8]. Jisg onTumizaiii JIOTICTUKKA BIPOBAKEHO I[LI0A000BHU
OC3MUIOTHUI BaroBWi TEPMIiHAJ, IO JO3BOJIAE 3HU3UTH BYIJICHEBHH CJia 3a
PaxyHOK HiYHOTO TPaHCIOPTYBAHHS Ta aHaJi3y e(eKTUBHOCTI IEPEBI3HUKIB.

B Asii npuknazoM iHHOBaLIMHOrO MiAX0Ay € smoHChbkui Panasonic Eco
Technology Center (PETEC) [21]. Bin 30epirae ta nepepo0Jisie BeIMKOradapuTHi
npwiagy (KOHAMLIOHEPH, MpajbHI MAllMHU) y NPUMILICHHSAX i3 PeryJibOBaHOIO
BOJIOTICTIO, IO 3amodirae koposii mertaniB. [y JeMOHTaXy CKJIQJAHUX BY3IiB
BUKOPUCTOBYIOTHCSI pOOOTH30BaHI CHCTEMH, alleé CHEPrOBUTPATH HAa MINTPUMKY
MIKpOKJiMaTy 3anumaiotecsi BucokuMu. Y IliBmennii Kopei unentp Korea
Environment Corporation (K-eco) moennye 30epiraHHs 3 €HEpProe()eKTUBHICTIO:
COHSYHI MaHe 3a0e31eYyI0Th YaCTHHY SHEpril, a BAKYyMHI CHCTEMH 30MParOTh IHJ
mig yac nepepoOku. Okpemi MoOmyial Juis JIiTieBUX Oarapeit o0jamHaHi
TEPMOKOHTPOJIEM, 1110 3HWKYE PU3HUK MOXkex [19].
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[Ipote Taki MEHTPU TAKOTO THITY CTHUKAIOTHCS i3 CEPHOHHMH OOMEKCHHSIMHU.
Bapricts ix OyaiBaunTsa csarae $1-2 miH, a 10 30% omneparniiHuX BUTPAT MPUTIAIAE
Ha CEHepriro Ais MATPUMKH MiKpokiiMaTy. He MeHII BaXIMBHM € TEeXHiYHE
obciyroByBanHs: HEPA-dineTpu moTpebyroTs mOpivHOI 3aMiHM, a HeOe3rmedHi
KOMITOHeHTH (HampwKIaj, JiTieBi Oartapei) — TOCTIHHOTO MOHITOPHHTY.
Hespaxkaroun Ha 1ie, MOAIOHI 00 €KTH 3alMIIAIOTLCS HEBIJ €MHOI JTAHKOK B
naHIrory nepepookn BEEO, 3abe3neuyroun Gesmnexy 30epiraHHA Ta MiATOTOBKY
MaTtepiaiiB A0 MOJATBIIION0 BHKOPUCTAHHS.

HaiinmomupeHimmm pilieHHsIM 3aTUIIaoTbcs KOHTEHHEPHI CHCTEMH, PO3MillleH]
B TPOMAaJCHKUX MICISIX a00 Ha TEpUTOPIAX MiANpUEMCTB. Taki KOHTEHHEpH
3a0e3MedyoTh JTOCTYIHICTh ISl HaceleHHs Ta Oi3HECiB, MO3BOJISIOYH IIBHIKO
3naBaTu JpiOHY TexHiKy, Ka0eni abo eJleKTpoHHI koMroHeHTH. OpHak iXHs
e(EeKTHBHICTh OOMEXKEHa HEBEJIIMKOK EMHICTIO Ta HM3bKHM PiBHEM KOHTPOJIO 32
SIKICTIO copTyBaHHs. UacTe cMiTTeBe 3a0pyaHEHHS a0 HempaBWiIbHA Kiacu]ikaris
BIJIXOJIiB PU3BOASTH 10 JAETpajallii MaTepialiB, 3SMEHIITYIOUHX IXHIO TPUIATHICTD 10
MOAAJIBIIOT TIEPEePOOKH.

AJBTEpHATHBOIO CTalOTh MOMYJBHI CHCTEMH 30epiraHHs, IO TOEIHYIOTH
THYYKICTh 1 TEXHOJIOT19HICTh. BOHM 103BOIISAIOTH MacmTabyBaT 00’ eMu 30epiraHHs
3aJIe’KHO BiJf TOTPeO, a TAKOXK IHTETPyBaTH €IeMEHTH aBTOMAaTH3allii — HAIIPHUKIIA,
CEHCOpH ISl BUSABJICHHSI THITY BiIXOZiB, BOYJOBaHI KOMITAKTHI COPTYBalbHI JiHii
abo cucTeMH TpecyBaHHA M 3MEHIIeHHA o0csriB. Taki Momym dYacrto
ob0nanuyroThcst QR-komamm abo RFID-miTkamMu i BiJICTEXKEHHS JKepesa
BIJIXOJIiB, IT[O ITiIBHIIY€ MPO30PICTh JIAHITIOra TOCTaBOK. [IpoTe iXHE BIpOBaKEHHS
BHMarae 3HaYHHUX 1HBECTHIIH y iHPPACTPYKTypy, a TAKOXK IiJrOTOBKH MEPCOHAITY
JUTSE 0OCITYTOBYBaHHS CKIIAJHUX MEXaHI3MIB.

Hns xommanii Ha kmrant Coolrec abo Sims Lifecycle Services momymnbai
CUCTEMH € TMPOMDKHOKO JIAHKOK MK 300poM 1 TJIMOOKOIO mepepoOkor. BoHu
JIO3BOJISIIOTH  TIOTIEPEIHBO  BIJICOPTYBAaTH MaTepiaid, 130JI0BaTH HeOe3meuHi
KOMIIOHEHTH (HANPHKIIAJI, aKyMYJISITOPH) Ta MiArOTYBaTH CUPOBUHY JIO TTOJABIINX
TEXHOJIOTIYHUX MPOIIECIB, TAKUX SK BUJIJICHHS METaJIiB a00 YTHIII3aIlisl TOKCUIHHUX
pedoBuH. lle 0coONMMBO KPUTHYHO JUIS BEIMKOTa0apUTHHX IPWIAMIIB, 1€ HaBiTh
He3Ha4yHe 3a0pyJHEHHS MOXKe 3pOOHUTH TIepepOOKy €KOHOMIYHO HEBUT1THOKO.

ToMy, BaJIMBUM aclieKTOM € KaTeropH3allis BiJXOJHiB Ha eTami 30epiraHHs.
BimokpemiieHHs mojiMepHUX KOMIIOHEHTIB, METAJiB, IJIAT Ta IHITUX MaTepiajiB
J03BOJISIE  3MEHIIUTH PU3UK iX B3a€EMHOTO 3a0pyJHEHHS Ta  IIJIBUIIUTH
e(eKTHBHICTh MOJANBIIOI mepepoOku. Hanpukman, momgiMepH, siki KOHTaKTyIOTb 3
TOKCHYHHMH €JIeMEHTaMH (CBHHEIb, PTYTh), MOXYTh BTPATUTH BIACTHUBOCTI, IIO
pOOHTH iX HENPHIATHUMH Uil BTOPHUHHOTO BHKOpHUCTaHHS. [IpoTe opranizamis
Takoro 30epiraHHs MoTpeOye MOMATKOBUX ILIONI 1 JIOTICTHYHHUX PIllIeHb, IO HE
3aBXKIU € JOCTYIHHMHU JUISI MaJMX MiIIPUEMCTB a00 PErioHiB 3 00OMEKEHOIO
1HpPACTPYKTYpOIO.

Takum urHOM, BUOip onTuMansHOrO crocoly 30epiranas BEEO 3anexuts Bix
KOMIUIEKCY (akTOpiB: O0OCATIB BIAXOMIB, iX XIMIYHOTO CKJIaay, HasSBHOCTI
¢iHaHCOBHX Ta TEXHIYHUX pecypciB. HaiOinbll mepcreKTUBHUMH BBa)KarOThCS
KOMOIHOBaHI MigXOAMW, SIKi TOEIHYIOTh MOMAYJIbHI CHCTEMH, KaTErOpH3AIlii0
MaTepialiiB i3 CyBOpUM JOTPUMAHHSM €KOJIOTiYHMX craHaapriB. lle He mnwme
3MEHIIIy€ BIUIMB Ha JIOBKULIS, alie i CTBOPIOE OCHOBY JUIsl 3aMKHEHHMX IUKIJIB
BUKOPHUCTAHHS MOJIIMEPIB Ta iHIINX HIHHUX KOMIIOHEHTIB €JIEKTPOHHUX BiAXOZIB.
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Onrumizanis cucrem 30UpPaHHs Ta PO3MillleHHA eJIEKTPOHHHUX BiIX0iB

OnTHuMmizalliss cucteM 30UpaHHS Ta PO3MIIIECHHS CICKTPOHHHUX BIIIXOJIB SIBJISE
co0OK0 KOMIUICKCHHUH TMPOIeC MOJIEPHi3allii Ta BIOCKOHAJICHHS ICHYHOUUX
METOJIONIOTIYHUX MiJXOAIB [0 YHOPaBIIHHA BiIXOJaMH eNEeKTPHYHOTO Ta
€JIEKTPOHHOTO OOJIaJHAaHHS, M0 MOTpedye CHCTEMHOTO aHalli3y Ta BpaxyBaHHSI
MHOXHMHU B32€EMOTMOB'I3aHUX  QakTopiB. JlaHWii mpomec XapaKTepU3yeThCs
HEOOXITHICTIO IHTErpaIlii TEXHOJIOTIYHNX, CKOHOMIYHHX Ta COIIAJIbHUX aCIICKTIB 3
METOIO CTBOPEHHS e()eKTHBHOI CHCTEMH TTOBOKEHHS 3 €IEKTPOHHUMH BiJXOJaMH.
IIpu upoMy ocoOnuBa yBara NPUAUISETHCS ONTHMi3alii MaTepialbHUX Ta
iHpOpMaLiiHUX MOTOKIB, IO 3a0e3MeuyloTh Oe3MepepBHICTh Ta €(EeKTHUBHICTH
potiecy 300py Ta MOAATBIIOT IepepOOKH BiIXO/IIB.

OyHraMeHTANbHUM  acleKTOM JaHoi ONTHUMi3alii BHCTYNae CTBOPEHHS
parioHalIbHOI iH(pacTPYKTypHu 300py, 10 0a3yETHCA HA HAYKOBO OOIPYHTOBAHOMY
PO3MIIIEHHI CTaIliOHAPHUX Ta MOOUIBHWUX WYHKTIB TPHAOMY 3 YpaxyBaHHSIM
nemMorpadivHIX MMOKa3HUKIB Ta TEPUTOPIATBHOTO PO3IOALTY HaceleHHs. Baxxmueum
€TaroM MPOEKTYBaHHS TakKoi iHQPACTPYKTYPU € MPOBEACHHS JCTAIBLHOTO aHaji3y
MIPOCTOPOBOTO PO3MOALTY JHKEPET YTBOPEHHS €JIEKTPOHHUX BiJXO/IB, M0 BKIIOYAE
JOCTI/DKEHHS IIITBPHOCTI HACEJICHHS, PIBHS E€KOHOMIYHOTO PO3BUTKY PETiOHIB,
cnenn(iky CMOXHUBAHHS EIEKTPOHHOI TEXHIKH PI3HUMH KaTErOpisMHU HaceleHH:.
Ha ocHOBI oTpuMaHUX MJaHUX 3IIHCHIOETBCS MaTeMaTHYHE MOJCIIOBAHHS
ONTUMANBHOTO PO3TAIllyBaHHS IYHKTIB 300py 3 BHKOPHUCTAHHAM METO/IB
MIPOCTOPOBOT'O aHANI3Y Ta reoiHpOpMaLiHHIX TEXHOJOT1H.

CyTTEBUM acleKTOM ONTUMI3allii € BpaXyBaHHS CE30HHUX KOJHBaHb y 00csrax
YTBOPEHHS €IEKTPOHHUX BiIXOAIB Ta creludiku iX KOMIIOHEHTHOTO ckiamy. Lle
JI03BOJIsIE 3a0€3MeYNTH alaNTHBHICTh CUCTEMHU 300py Ta ii 34aTHICTh €(EeKTHBHO
(YyHKIIOHYBaTH B yMOBaxX 3MIHHOTO HaBaHTaXeHHS. [Ipu MpoOeKTyBaHHI
iHOpPaCTpYKTypu 300py TaKOX BpPaxOBYIOTHCS TEXHIYHI XapaKTEPUCTHKH
TPAHCIIOPTHHUX 3ac00iB, IO BUKOPHCTOBYIOTHCS JUIS TEPEBE3CHHS BIIXOIIB, Ta
0COOJIMBOCTI JIOPOKHBOI MEPEKi, 10 BIUIMBAIOTH HA JOCTYIHICTH MYHKTIB 300py
JUIsl HaceNeHHs Ta e(DEKTUBHICTD JIOTICTHYHHX OTIeparlii.

BaxnmBo Big3HaYWTH, MO CTBOPEHHS paIliOHaIbHOI iH(GpacTpyKTypu 300py
€JIEKTPOHHUX BIiJXO/iB TOBHHHO CYIIPOBOKYBATHCS PO3POOKOI0 BiIOBITHOTO
iH(pOpMaIifHOTO 3a0e3MeUYeHHs], IKe BKII0Ya€ CUCTEMH OOJIIKY Ta KOHTPOJIO PyXY
BIZXOIB, 0a3u TaHMX TIPO JpKeperna IX YTBOPEHHS Ta METOIH IepepoOKH, a TaKOK
3acobu iHGOpMYBaHHS HaceJleHHS TMPO MOXIIMBOCTI Ta TMpaBWia 371adyi
BiIIpanboBaHoi TexHiku. lle J03Bossie 3a0e3neunTd  MPO30PICTh MPOIECIB
YOPaBIiHHSA BIAXOJaMH Ta MIJBUIIMTA PIBCHb 3aJyude€HHS HACEICHHS 10 1X
pO3ALTEHOTO 300pYy.

IMmneMeHTalliss aBTOMaTH30BaHUX CHCTEM COPTYBaHHS Ta MIEPBUHHOT 0OpOOKU
CJIEKTPOHHUX BIJXOJIB O€3MOcepe/lHbO y IMyHKTaX 300py 3yMOBIIOE 3HAYHE
MOiABUIIEHHS e(QEeKTHUBHOCTI JIOTICTUYHUX MpoLeciB. 3a3HA4YeHi CHUCTEMH
3a0e3MeUyI0Th CEIEKTUBHY Cenapalilo KOMIOHEHTIB BiAMOBIIHO A0 iX ¢i3uko-
XIMIYHHUX BJIaCTUBOCTEH, 1110 CYTTEBO ONTHUMI3y€ MOAAIbIII MPOIECH EPEPOOKH Ta
yTUIi3amii.

OcobnuBOi yBaru 3aciyroBy€ IHTaHHS TPOEKTYBaHHS Ta eKCIUTyararii
CHeIia/li30BaHUX CXOBHUII THMYACOBOI'O 30epiraHHs €JIEKTPOHHUX BIIXOMIB, IO
sIBJIT€ COOOK0 CKJIaJHYy IHXXKCHEPHO-TEXHIYHY 3amady. Jlani 00'eKTH MOBHMHHI
BINOBIAaTH KOMIUIEKCY TEXHIYHMX BHMOT MIOAO MiATPUMAaHHS ONTHUMaIbHUX
rapaMeTpiB MIKpOKJIIMaTy, 0 € KPUTHIHO BAYKITMBUM JIJIS 3a00ITaHHS AeTpamarii
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MTOJTIMEPHUX KOMITOHEHTIB Ta €Micii TOKCHYHHX pedoBUH. lIpm mpoMy ocobimBa
yBara NPUAUIIETHCS CUCTEMaM BEHTHJIAII] Ta KOHIUIIIOHYBaHHs, SKi TOBHUHHI
3a0e3neyyBaTH HE JHMIIE HiATPUMAHHA 3aJaHUX MNapaMeTpiB TeMIeparypu Ta
BOJIOTOCTI, ajie ¥ epeKTUBHE BHIAJICHHS MOTCHIIIHO HEOE3MEUHNX Ta30T0Ii0HIX
MIPOJYKTIB PO3KIagaHHs mojiMepiB. TexXHIYHE OCHAIIEHHS! CXOBHII] Ma€ BKITFOYATH
aBTOMATH30BaHi CUCTEMH KOHTPOJIIO TEMIIEpaTypy Ta BOJOTOCTi Ta 3a0e3neueHHs
MIPOTUIIOKEKHOT OE3MEeKH, IHTErPOBaHi 3 EHTPAIBHOIO CUCTEMOIO0 MOHITOPHUHTY Ta
YIIpaBIiHHS.

BaxmBUM acriekToM POEKTYBaHHS CXOBHIL € pO3pOOKa CUCTEM COPTYBaHHS Ta
PO3MIILIIEHHsI BIAXOMIB 3 ypaxyBaHHSAM iX XIMIYHOTO CKJIaAy Ta TMOTEHIIHHOT
HeOesmeku. lle mepenbadae CTBOPEHHS OKPEMHUX CEKIIHA IS 30epiraHHs pi3HUX
TUIIB  EICKTPOHHUX  BIOXOMAiB, O0OJaJHAHUX CHCHIAILHUMH  CHUCTEMaMHU
He#Tpamizanii MOXIMBUX BHKHIIB Ta 3aXWUCTy BiJl MPOTIKaHHS HEOE3MEeYHUX
pevoBuH. OcobnrBa yBara NMpUAIIAETBCS CUCTeMaM 30epiraHHsi akyMyJsTOpiB Ta
IHIIIMX KOMITOHEHTIB, IO MICTATH Ba)KKi METAJI Ta TOKCHYHI CIIOTYKH.

ExoHomiuHMi acniekT onmTuMizanii 0a3yeTbcs Ha po3poOli Ta BHPOBAKEHHI
HAayKOBO OOTPYHTOBAaHMX MEXaHI3MIB €KOHOMIYHOTO CTUMYJIOBAaHHS, IIIO
BpPaxoBYIOTh CHeNH(]piKy MICIIEBHX PHHKIB BTOPWHHOI CHPOBHHHM Ta ITOTECHINAJ
nepepoOKH Pi3HUX KOMIIOHCHTIB €JICKTPOHHUX BiIXOAiB. EMIipuuHi TOCIiKEHHS
JEMOHCTPYIOTh BHCOKY €(EKTHBHICTh BIPOBAKEHHS JICTIO3UTHO-TIOBEPHEHUX
CUCTEM Ta MPOTpaM MaTepiadbHOTO 3a0XOUYEHHS HACEICHHS J0 BiAIOBITAIEHOTO
MOBO/IKEHHS 3 €JEKTPOHHUMH Bifaxonamu. [Ipu oMy Ba)KJIIMBUM € BpaxyBaHHS
perioHANILHUX OCOOMBOCTEH (popMyBaHHs TapudiB Ha mepepoOKy Ta yTHIIi3allito
BIJIXOIiB, a TAKOX PO3pOOKa MEXaHi3MiB KOMIIEHCAIlii BUTPAT Ha TPAHCTIOPTYBaHHS
Ta 30epiraHHs.

IHTerpaiiss BuUIE3a3HAYCHUX KOMIIOHEHTIB Y €IUHY CHCTEMYy IOTpedye
3aCTOCYBaHHS CHUCTEMHOTO IJXOAy Ta IPOBEACHHS KOMIUIEKCHOTO aHalli3y
B32€MO3B'A3KIB M)XK OKPEMHUMH €JIEMEHTaMHU, 110 BKJIFOYAE OIIHKY TEXHOJIOTIYHHX,
C€KOHOMIYHMX Ta €KOJIOTIYHUX aCIEKTiB. BNpoBa/KeHHS ONTHMI3alliiHUX 3aXO0IiB
MPU3BOJIUTL O MIABUIICHHS KOSQilliEHTa BHJIyYEHHS I[IHHMX KOMIIOHEHTIB Ta
3HIDKEHHS HETaTUBHOIO BIUIMBY Ha HABKOJWIIHE cepenoBuine. [lpu 1pomy
HEOOXiIHUM € TIPOBEACHHA  PETYJSIPHOTO  MOHITOPHHTY  e(eKTHBHOCTI
BIIPOB/KEHUX 3aXOJ[iB 3 BUKOPHCTaHHSM Cy4YacHHX METOJIB CTATUCTHUYHOTO
aHali3zy Ta MaTeMaTHMYHOTO MOJIENIOBAHHA Ui CBOEYACHOTO KOPHUTYBaHHS
rapaMmeTpiB CHCTEMHU.

CyTTEBUM €JIEMEHTOM ONTUMI3allii € BIPOBAPKEHHS CUCTEM aBTOMAaTH30BaHOTO
KOHTPOJIFO  SIKOCTI  BiJICOPTOBAaHUX MaTepialiB, 10 JO3BOJISE  IMIABHIIATH
e(eKTHBHICTh MOAAJTBIIOI TMEPepOOKH Ta 3HU3UTH BHUTPAaTH Ha JOJATKOBE
COpPTYBaHHs. Taki CHCTEMH MOXXYTh BKJIFOUaTH CIIEKTPaJbHI aHaIi3aTOpH JIJIs
BU3HAYEHHS  CKJIAJy T[OJNIMEpHUX  MaTepialiB, pPeHTreHO-(IIyOpecleHTHI
aHajizaTopu AJs ileHTr(iKanii MeTaliB, a TAKOK CUCTEMH MAIIUHHOTO 30Dy UIs
COPTYBaHHSI KOMIIOHEHTIB 32 30BHIIIHIMH O3HAaKaMH.

Pexomenaanii moao BiggijieHHs] MOJTiMePHUX KOMIOHEHTIB €JIEKTPOHHOTO
00JIaTHAHHS

VY mporeci ynpapniHHS BiAX0JaMH €JIEKTPUYHOTO Ta €IEKTPOHHOr0 00JIaJHaHHS
(BEEO) ocobnuBy yBary ciij NpUAUTATA BiJIUICHHIO MMOJIMEPHUX KOMITOHEHTIB,
OCKUIbKM 1I€ CYTTEBO BIUIMBa€ Ha e(EKTUBHICTh IOAAIBIIOI THepepoOKn Ta
yTunizanii marepiaiiB. Ha ocHOBI mpoBeaeHUX AOCIiIKEHb MOXKHA CHOPMYIIIOBATH
HACTYIHI peKOMEH/AIIIi IIT0/I0 ONTUMI3aIlii I[LOTO TPOIIECY.
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ITepmr 3a Bce, HeoOXximHo 3abesrmeuntn Tomepenne copryBanHi BEEO 3a
KaTteropismu oonaaHanHs. Lle m03Bonse BpaxyBaTu 0COOIMBOCTI KOHCTPYKIIIT pi3HUX
TUIIB TPHUCTPOiB Ta 3aCTOCYBaTH HAaWOUIbII €(EKTHBHI METOAM AEMOHTAXY JUIS
KO)KHOI Karteropii. Hampukian, KopimycHi AeTam KOMITIOTEPHOI TEXHIKM 3a3BHYait
KPIIJIATBCS 32 ZOIIOMOI'O0 TBUHTOBHUX 3'€JHAHb, TOJI SIK TOOYTOBA TEXHIKA YaCTO MA€E
3BapHi a00 KJICHOBI 3'€THAHHS, [0 BUMAra€e Pi3HUX IIXOIB 10 PO30UPaHHSI.

BizyanpHa imeHTH(]IKaIsS THITIB MONIMEPIB € KPUTHIHO BAKIMBUM €TarlOM y
Mpoleci YIpaBIiHHSA BiAXOJaMH EJNEKTPHYHOTO Ta EJNEeKTPOHHOTO OOIamHaHHSI
(BEEO). Lleii mporiec 103BOJIS€ MBUIKO i TOYHO BH3HAYUTH TUIH IUIACTHKIB, 110
MICTSTBCSl B €JICKTPOHHUX BiIXOZax, II0, B CBOIO YEPry, CHpHUsE X eQeKTUBHOMY
COPTYBaHHIO Ta IepepooIIi.

PexomeHayeThCS BUKOPUCTOBYBAaTH MAapKyBaHHs BiANOBITHO A0 CTaHAAPTY
ISO 11469 [18], ske 3a3Buuaii HAaHOCUTHCS Ha BEJIMKI IUIACTHKOBI jaetami. Lle
MapKyBaHHS JTO3BOJIAE Bigpa3y PO3MIISATH OCHOBHI BHAW TEPMOIUIACTIB, Taki SK
akpmIIoHiTpu-0yTamieH-ctupon (ABS), momictupon (PS), nonikapoonar (PC) Tta
nouinporizien (PP). Hampuknan, ABS BHKOPUCTOBYETBCS Ul BUPOOHHUIITBA
KOPITYCiB KOMIT'TOTEPIB 1 MOHITOPIB, TOMI K PS 3acTOCOBY€ETHCS MIIs1 BUTOTOBIIEHHS
YIIAKOBKY Ta i30JsiifHrX MaTepiamiB. [lomikapOoOHAT 4aCTO BUKOPHUCTOBYETHCS AJIS
BUPOOHHWITBA MpPO30PUX BCTABOK 1 TaHenel, a TMOJNINpOMJICH 3HaXOAUTh
3aCTOCYBaHHS B PI3HOMaHITHHUX JIETANSX €NIEKTPOHHUX TPUCTPOIB.

Buxopucranns mapkyBanas 3a ctanaaptoM [SO 11469 [18] 3a6e3neuye anctoty
BiJICOPTOBaHMX (pakiiii, MO € BXKIMBAM Ui MONANbIIOl mepepoOku. Ywmcti
¢dpakuii MoNermyoTh NPOLEC PEUUKIIIHTY, 3MECHIIYIOUM PH3HK 3a0pyIHEHHS Ta
MiIBUIIYIOYH SIKICTh BTOPMHHHX MaTepiamiB. llpaBunpHa imeHTH]IKAIsS Ta
COpPTYBaHHS IUIACTUKOBHUX KoMIoHeHTiB BEEO MOXyTh CyTTEBO 3MEHIIUTH
HETaTMBHUN BIUIMB Ha HABKONMINHE cepenoBuiie. Lle Takoxk crpuse peanizamii
MIPUHIIUIIB IIUPKYJISIPHOT EKOHOMIKH, JI€ BIJIXOJIM MIEPETBOPIOIOTHLCS HA PECYPCH, 1110
MNOBTOPHO BUKOPHCTOBYIOTHCS Y BUPOOHUIITBI.

Jis miBuIieHHs €PEKTUBHOCTI BiJUIUICHHS OJIMEPHUX KOMIIOHEHTIB JIOILIBHO
PO3pOOHUTH TEXHOJIOTIYHI KapTH PO30MpaHHS THUIOBOTrO oOJiagHaHHsA. Taki KapTh
TTOBUHHI MICTUTH MOCIiIOBHICTH OIEpaIiid AeMOHTaXY, HEOOXiTHUI IHCTPYMEHT Ta
0c00JIMBOCTI KOHCTPYKTHBHUX 3'€ZJHaHb. Lle 3Ha4HO MPUCKOPIOE MPOLIEC Ta 3HIKYE
PHU3UK TOIIKOKEHHS A€TaeH. 3T1IHO 3 TOCIipKeHHAMHU [ 16], po3podKa JeTalbHUX
TEXHOJIOT1YHHUX KapT J03BOJIsIE 3MEHIIUTHU Yac po30upaHHs oosaananHs Ha 20-30%,
a TaKOX 3HU3UTH KUIBKICTh MOMIKOIKEHb MaTepialiB.

Ilpn ™MexaHiYHOMY BiJUTUICHHI MOJNIMEPHUX KOMIIOHEHTIB CIIiI BpaxoOBYBaTH
HasBHICTh METAJIEBUX BCTABOK, ApMYIOUMX CJIEMEHTIB Ta IHIIMX KOMITO3UTHHX
MarepianiB. PekoMeHIyeTbCcs BUKOPUCTOBYBATH CIIELiali30BaHUN 1HCTPYMEHT, SIKUI
MiHIMI3y€e yTBOpEHHsS! cKOJNiB Ta mry. OcoONHMBY yBary BapTO NPHIUIATH TEXHIII
0e3Meky, OCKUIBKM JesKi TMOJIMEepU TpPH MeXaHiyHiii o0poOIlil MOXYTh BHIUISTH
LIKiBi peuoBruHU. Hanpukiazn, nonimMepHi Matepiany, Taki sk [IBX, npu mexaHiunii
00pOOIIi MOXKYTh BUIUISTH XJIOPHCTI CTIONYKH, IO € TOKCUYHUMH YIS JIFoauHH [ 16].

Jdust  BenMKOra0apuTHOro  OONaJHaHHS  eQEKTHMBHUM €  3aCTOCYBaHHS
HaliBaBTOMATUYHUX JIiHIH po3OupaHHs. Taki niHii moBuHHI OyTH oO0naaHaHI
KOHBEEPHUMH CHUCTEMaMH, pPOOOUYMMH CTaHLIMH [UId PI3HUX omepamid Ta
KOHTEHHepaMH i po3AUIbHOrO 300py MartepiaiiB. lle m03Bosie opranizyBaTu
IMOTOKOBUH TMpOLEC Ta MiABUIIMTH NPOAYKTUBHICTH Impami. Sk 3a3HavyaroTh
nociigHuky [15], BUKOpPHCTAHHS HANIBAaBTOMATUYHHX JIIHIA JO3BOJISIE 30UIBIIATH
nponyktuBHicTh Ha 40-50% MOpiBHAHO 3 pyYHUM PO3OHUPaHHSIM.
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3 METOI MiABHINCHHS SKOCTI BIJICOPTOBAHUX IIONIMEPIB PEKOMEHIYETHCS
MPOBOJUTH JOJATKOBY OYHMCTKY BiA 3a0pyAHEHb Ta BHIAICHHS METalIeBUX
BKJIIOYEHB. J{JIs1 IbOr0 MOXXYTh BHKOPHCTOBYBATHCS METOAW (IIOTalii, MarHiTHOI
cermaparii Ta MPOMUBKHU CHEUiAIFHIMH pO3YMHAMH. BakIMBO BpaxoBYBaTH, IO
HasBHICTH JOMIIIOK CYTTEBO 3HIDKYE MOXKIIMBOCTI IOAAJBIIOT TEPEepoOOKH
noJimMepiB.

HeoOximHO TakoX 3a0e3meunTH HaJe)KHI YMOBH 30epiraHHsl BiJCOPTOBaHUX
MOJIIMEPHUX  KOMITOHEHTiB. PEeKOMEHAYyeThCSI ~ BHKOPHCTOBYBATH  3aKpPHUTI
KOoHTelHepH abo Oir-Oeru, sKi 3axXUILAI0Th MaTepian Bii aTMoc(epHUX BIUIMBIB Ta
3a0pynHeHb. BaxmuBo opranizyBaTH MapKyBaHH: Ta OOJIiK BiICOPTOBaHUX (PpaKIii
JUTS TIOJAUTBINOT JIOTICTHKH. SIK 3a3Ha4aroTh eKcrepTH [ 14], mpaBuibHE 30epiraHHas
Ta MapKyBaHHS MOJIMEPHHUX MaTepialiB € KIO4YOBHUM (akTopoM i iXHBOI
epeKTHBHOI TepepoOKH Ta TOBTOPHOI'O BHUKOPUCTaHHS. BnpoBamkeHHs
3aMpOTIOHOBAaHUX PEKOMEHMAIIA JO3BOJUTHh ONTHUMI3yBaTH TMPOILEC BiAiIEHHS
noniMepanx KomnoHeHTiB BEEO Ta migBummuTé eKoHOMiuHY e(eKTHBHICTH iX
nojaneiioi mepepooku. [Ipu mpoMy citifi peryiaspHO NPOBOAMTH MOHITOPWHT Ta
OIIHKY e()eKTUBHOCTI 3aCTOCOBAaHMX METOIB 3 METOI IX YIOCKOHAICHHS Ta
ajanTarii 10 3MiH Y KOHCTPYKIIii Cy9acHOTO EIeKTPOHHOTO O0JIaHAHHS.

BucHoBku

VYrpaBmiHHS ~ TONIMEPHUMH  KOMIIOHEHTAMH  BIIXOMIB  €JIEKTPHUYHOTO  Ta
enekrponnoro odnanuanus (BEEO) e ckiamHoro Ta 6araroacrnekTHO MPo0JIeMoro,
sIKa TOTpedye 1HTerpallii TEXHOJOTIYHHX, EKOJIOTIYHUX Ta eKOHOMIYHUX MiIXOIiB.
[onimepHi MaTepianu, o cTaHOBIATH 3HauHy YacTuHy BEEO, xapakTepusyoThcs
PI3HOMAHITHICTIO XIMIYHOTO CKJIaJy, HasSBHICTIO TOKCHYHHUX J00aBOK Ta
TEXHOJIOTIYHUMH OOMEXKEHHSIMHU, IO YCKIAJHIOE 1X mepepoOky. HesimmosimHa
YTHITI3aMisl TaKAX BiIXOMIB NPHU3BOAUTH /IO CEPHO3HUX EKOJOTIYHWUX HACIIiJKIB,
BKITIOYAI0YH 3a0pyTHEHHSI HABKOJIMITHBOTO CEPEOBUILA TOKCHYHIUMHU PEYOBHHAMH
Ta BTpaTy LIHHUX PECypciB, sKi MO O OyTH MOBTOPHO BUKOPUCTaHI B paMKax
LUPKYJISAPHOT €EKOHOMIKH.

EdexruBne ynpasninasa nojgimMepaumu komnoneHTaMmu BEEO nounnaerses 3 ix
MPaBUIILHOTO 300py Ta COPTyBaHHs. [CHYI0Yi cucTeMu 300Dy, TaKi K MyHIIIUIATbHI
ITyHKTH, pO3ApiOHI TOYKH Ta MOOIIBHI 301pHI ITYHKTH, IEMOHCTPYIOTh Pi3HHI PiBEHBb
epextuBHOCTI. OOHAK KIIOUOBMM 3aBJAHHSAM € 3a0€3MEUYCHHS BiIOKPEMIICHHS
MOJIIMEPHMX BIJIXOIIB BiJI IHIIUX MaTepiaiB, TAKUX SIK METAJIHA Ta CKJIO, 1[0 BUMArae
BITPOB/XKEHHS IHHOBAIIHHUX TEXHOJIOTiH COPTYBaHHS, 30KpeMa aBTOMATH30BaHHX
CHUCTEM Ta ONTUYHUX CenapaTropiB. BakKIMBUM €JIEMEHTOM € TaKOXX PO3BUTOK
CHUCTEM 3BOPOTHOI JIOTICTHKH, SKi 3a0e3MeuyloTh IOBEPHEHHS BIAXOMIB Bij
CTMOXKHMBaYiB JI0 BUPOOHHKIB a00 TMEepepOOHMKIB, IO CHPHUSE 3aMKHYTUM IHKIaM
BUKOPHUCTaHHS PECYPCiB.

30epiranass BEEO € xpuTHYHMM eTamoM Yy CHCTEMi YNpaBIiHHA LIMMH
BiJIX0OJIaMH, OCKIJIbKH BiJi HHOTO 3aJIeHUTh 30€PEKEHHS PECypCiB Ta MiHIMi3allis
eKoJioriuHuX pu3uKiB. CrenianizoBaHi HEHTpH 30epiraHHs, o0JaJHaHI CUCTEMaMH
KOHTPOJIO  MIKpOKJIIMAaTy Ta aBTOMAaTH30BAaHMMHM JIHISIMA  COPTYBaHH,
JIEMOHCTPYIOTh BHCOKY €(EKTHBHICTh, aj¢ BHUMAaramTh 3HAYHUX (iHAHCOBUX
igBecTuIiil. Jlnsg mokpamieHHs JOCTYHMHOCTI Ta e(EeKTUBHOCTI 30epiraHHs
PEKOMEHIY€EThCSI  BUKOPUCTAaHHS ~ MOIYJIBHHUX  CHCTEM, SIKi  JO3BOJSIOTH
MacmTadyBatu 0OcCsITH 30€piraHHsS Ta IHTETpyBaTH CIIEMEHTH aBTOMAaTH3allii.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



Kateropwusartist BizxoaiB Ha eTarri 30epirants, 30KpeMa BiJJOKPEMIICHHS OJTIMEPHIX
KOMITOHEHTIB BiJI HIIIUX MaTepialliB, € BaXJIMBUM KPOKOM JIJIS ITiJIBUIICHHS SKOCTI
MOIAJIBINOT IEPEPOOKH.

OnTuMmizariss cucteM 300py Ta po3mimenHs BEEO Bumarae KoMImiekcHOTO
MiOX0Ay, IO BKIOYAE CTBOPEHHS pallioHAIbHOI iH(pacTpyKTypu 300Dy,
BpaxyBaHHS CE30HHHMX KOJHMBaHb y 0OcCsraX yTBOPEHHs BiIXOMIB Ta iHTErpaiiro
ABTOMAaTH30BaHMX CHCTEM COPTYBAaHHA. BaXJIMBHUM eleMEHTOM € TaKOoX
MIPOEKTYBAHHS CIIEMiai30BaHUX CXOBHII] TUMYACOBOTO 30epiraHHs, fKi MOBHUHHI
BiJIMTOBITaTH BUMOTaM II[0JI0 MiATPUMAHHS ONTUMAIILHUX ITAPaMETPiB MiKPOKIiMATy
Ta 3a0e3MeuUcHHs] TPOTHIIOKEKHOI Oe3rekn. EKOHOMIYHMI acmeKkT onTumizariii
BKJIFOYAE PO3POOKY MEXaHi3MiB EKOHOMIYHOTO CTUMYJIOBaHHS, TaKHX SK
JICTIO3UTHO-TIOBEPHEHI CHCTEMHM, IO CHpPUSAIOTh 3alydCHHIO HAcelIeHHS [0
BIJIIOBIJAJILHOrO ITIOBOKEHHS 3 BIAXOIAMU.

Binnirenns nomimepanx xommnoHeHTiB BEEO € kmrodoBuM eramom y mporieci ix
nepepoOku. Jlist migBUIIEHHA e(QEeKTUBHOCTI IHOTO TMPOIECY PEKOMEHIYETHCS
BUKOPHUCTaHHS MapKyBaHHA 3a cTaHaaproM [SO 11469, mo nos3Bomse IIBUAKO
imeHTH(IKyBaTH TUNH IUIACTHKIB Ta 3a0€3MEYNTH YUCTOTY BiJICOPTOBAHUX (DPaKITii.
Po3poOka TexHONOTiYHMX KapT po30MpaHHS TUIIOBOTO OOJaTHAHHS, BUKOPHCTAHHSI
CTIeNiaIi30BAHOT 0 IHCTPYMEHTY Ta HAIliBABTOMATHYHUX JIiHiH pO30UpaHHsI T03BOJISIOTH
3HAYHO MPUCKOPHUTH TPOIIEC Ta 3HU3UTH PU3KK MOIIKOKEHHS MaTepiaiB. JlogaTkoBa
OYHCTKA BIJICOPTOBAHMX TOJIMEpIB Bif 3a0pyAHEHb Ta MeTaleBUX BKIIOUEHb €
BKJIMBAM KPOKOM JJIsI TTJIBUIIIEHHS SIKOCTI BTOPUHHOI CUPOBUHHU.

Y3araJibHIOIOUHW, YOpaBiIiHHA ToJiMepHUMHU KomroHeHTamu BEEO Bumarae
iHTerpamii iHHOBalliHUX TEXHOJIOTIH, TICHOI B3aEMOJil MK yJ4aCHHKaMH JIaHITIOTa
MOCTaBOK Ta IMIATPUMKHA 3 OOKYy 3aKOHOJABYMX IHII[iaTHUB. BrpoBamkeHHsS
3alPONIOHOBAaHMX T1JIXO/IB JO3BOJINTH HE JIMIIE 3MEHIINTH HETATUBHUI BIUIMB Ha
HABKOJITUIITHE CEPEJIOBUIIIE, aJie i CTBOPUTH HOBI MOXKIIBOCTI JIIsI EKOHOMIT pecypciB
Ta peaizamii MPUHIMITIB UPKYISIPHOI €KOHOMIKH. PerynspHuii MOHITOpDHHT Ta
OIliHKa €(PeKTUBHOCTI 3aCTOCOBAHUX METO/IIB € HEOOXIHUMU IS IX YIOCKOHAJICHHS
Ta aJanTarii 10 3MiH y KOHCTPYKIIIi Cy4acHOI0 €JIEKTPOHHOTO 00JIaHAHHS.
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SIGNIFICANCE OF POLYENE ANTIBIOTICS IN INCREASING OF
MEMBRANE PERMEABILITY AND IN TREATMENT ANIMAL AND
PLANT INFECTION

Abstract. It is shown that using polyene antibiotics (PA) in combination with
dimethyl sulfoxide sharply increase ionic permeability membranes and biological
activity of antibiotics. The comparative physical and chemical characteristics of
dimethyl sulfoxide and PA is consideration. The effects of a complex interaction and
PA examined by the bilayer lipid membranes (BLM). By the method of determine
the parameters biological activity of PA it was show that off all the most studied PA
promises more effective were amphotericin B and levorin. Results are started
according to BLM conduction of cholesterol in the membranes. On the basis of PA
developed an ecological model of environmental protection by establishing
membrane—active concentration of PA against viral, fungal and bacterial infection
for animals and plants. Using polyene antibiotics (PAs) in combination with
dimethyl sulfoxide (DMSO) was shown to increase ion permeability of membranes
and biological activity of antibiotics sharply. The comparative physical and
chemical characteristics of dimethyl sulfoxide and PAs were determined. The effects
of a complex relation between PAs and the bilayer lipid membranes (BLM) were
studied. The parameters of biological activity of PAs and BLM were determined. It
was shown that among all the studied PAs, amphotericin B and levorin were the
most effective. lon permeability of BLM was shown to depend on the concentrations
of amphotericin B, levorin and cholesterol. On the basis of PAs, biological active
preparations were developed against viral, bacterial and fungal diseases. It has
been shown that the used preparation can completely prevent the growth of the
Tobacco mosaic virus. It should be especially noted that after treatment with the
“Infanvir” preparation the infected plants are not only cured but also regenerated
in full. Moreover, the vegetable plants treated with such preparation had 2 times
more harvest than the reference ones. It is supposed that the antivirus and antifungal
effect of the “Infanvir” preparation is related to their interaction with lipid
components of cytoplasmic membranes, causing destruction of the structure of
pathogenic microorganism cells.

Keywords: polyene antibiotics, dimethyl sulfoxide, amphotericin B, levorin, lipid
membranes, membrane permeability, animal and plant infection.
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Introduction

Polyene antibiotics are one of the most effective compounds in the fight against
fungal infections [Borowski, 2000, Gray et al; 2012]. The main representatives of
the PA are amphotericin B, nystatin, mycoheptin and levorin, the chemical structure
of which is shown in fig. 1. Molecules PA contain in its composition lactone ring,
conjugated system of double bonds and hydrophilic chain consisting of the hydroxyl
and carbohydrate groups. Biological activity PA is dependent on the presence of
sterol in the cell membranes of defined sterol structure [Recamier et al., 2010].
Polyenes are more sensitive to the membranes, in which structure contains ergosterol
[Ciesielski et al., 2016]. Thanks to this aspect of the polyenes used in medicine for
therapeutic purposes. Currently for the treatment of the systemic fungal infections
are mainly used, amphotericin B and nystatin. Comparative analysis of the biological
activity of amphotericin B and nystatin shows that the amphotericin B is
approximately 6 fold more effective against the majority of fungi than nystatin
[Azaltos et al., 1985]. On BLM amphotericin B shown that, the conductivity of the
channel about B 10 times higher than nystatin channel [Kasumov, 2009].
Amphotericin B and nystatin are very close to each other in their chemical structure,
but with membrane cholesterol amphotericin B more sensitive than to nystatin.
Studies have shown that the presence of a certain number of double bonds in the
chromophore PA is an important factor that determines their biological activity
[Samedova et al., 2018]. Amphotericin B and Nystatin differ by the number of
double bonds in the polyene structure chromophore molecules. Nystatin double
bonds is less than the Amphotericin B and nystatin however biological activity
markedly. PA selection as the object of the study was not accidental. The peculiarity
of the PA is that it is only in the nature of a class of compounds that form in cell
membranes and lipid structural channels of molecular dimensions, that selectively
permeable to ions and organic compounds [Ibragimova et al., 2006; Kasumov 2009;
Recamier et al., 2010; Cohen, 2010].

Studies of the molecular mechanism of interaction of PA with membranes
showed that polyenes in combination with sterols create in the membrane channels
of particular structure [Kasumov, 2009]. However, despite the presence of large
amounts of PA and their derivatives, none of them on the effectiveness of its action
can't be compared with amphotericin B and levorin in the treatment of systemic
fungal infection. In recent years, the efforts of scientists aimed at getting new dosage
forms PA and development of new ways their delivery to the affected organs and
tissue. Studies have shown that the presence of a certain number of double bonds in
the chromophore PA is an important factor that determines their biological activity.
Amphotericin B and Nystatin differ by the number of double bonds in the polyene
structure chromophore molecules. Nystatin double bonds is less than the
Amphotericin B and nystatin however biological activity markedly. PA selection as
the object of the study was not accidental. The peculiarity of the PA is that it is only
in the nature of a class of compounds that form in cell membranes and lipid structural
channels of molecular dimensions, that selectively permeable to ions and organic
compounds [Ibragimova et al., 2006; Kasumov 2009; Recamier et al., 2010; Cohen,
2010].

Studies of the molecular mechanism of interaction of PA with membranes
showed that polyenes in combination with sterols create in the membrane channels
of particular structure [Kasumov, 2009]. However, despite the presence of large
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amounts of PA and their derivatives, none of them on the effectiveness of its action
can't be compared with amphotericin B and levorin in the treatment of systemic
fungal infection. In recent years, the efforts of scientists aimed at getting new dosage
forms PA and development of new ways their delivery to the affected organs and
tissue. Interest in the antifungal drugs has increased even more due to the high
prevalence of HIV infection [De Marie et al., 1994]. There is evidence with about
90% of HIV patients infected amazed fungal infection, due to a sharp weakening of
the immune system [Mamidi et al., 2002]. Furthermore transplantation of different
organs and bone marrow of patient are assigned immunosuppressive drugs.
However, they are creating conditions for the emergence of HIV patients and fungal
infections [Sepkowitz, 2002]. Growing interest of scientists to study the mechanism
of action has stimulated PA on our side parties need even more in-depth study of Pas
mechanism of action at the molecular level. This was large contributed PA
deciphering the chemical structures and the development of ways to modify the
polyene molecule [Zotchev, 2008; Baginski, Czub, 2009]. The use of antibiotics with
known molecular structure makes it possible to study at the molecular level. The
basic idea of this work is that by examining the physico-chemical properties of PA
conjunction with DMSO to determine the degree of enhancement of the biological
activity of the PA.

Materials and methods

PA is highly soluble in DMSO. Polyenes have amphoteric properties. They form a
cation in an acidic medium and in an alkaline-anion [Yu, Quinn, 1994]. In
conjunction with DMSO are liquid polyenes dark yellow color, bitter taste, and odor.
In the preparation of the active form of PA antibiotic first converting the substance
from a crystal to the molecular form. After thorough mixing, the composition of the
PA is maintained with DMSO overnight at room temperature. The liquid is then
filtered and stored in a dark, cool place. The result is a mother of PA solution, ready
for use. Application of the PA in this combination of components is highly efficient.

The biological activity is determined by the PA bilayer lipid membrane (BLM)
[Ibragimova et al., 2006]. BLM were prepared from total phospholipids isolated
from cells by applying a drop of phospholipids per hole in Teflon cell. Total
cholesterol was purified phospholipids and neutral lipids other washing acetone and
kept at 0°C at a concentration of 20 mg/ml in chloroform-methanol solution at a
volume ratio (2:1).

Integral membrane conductivity was studied as a function of concentration of
antibiotic reached maximum conductivity of the membrane, which is taken as an
active component of the PA. Understanding the mechanism of functioning of the PA
in the membranes were prepared by BLM method [15]. Combined measurement of
the electrical characteristics of lipid membranes in current clamp mode, and the
membrane voltage. The measurement of the membrane potential (Em) in current
clamp mode. Aqueous solutions surrounding the membrane, mixed with a magnetic
stirrer. The method is based on the ability of the PA dramatically increases the
permeability of the lipid membrane to the corresponding ions by detecting changes
in the electrical conductivity of the membrane. Research and measurement integral
conductivity of the membrane potential were current using electrometric Keithley-
301 (USA).
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Results and its discussion

Dimethyl Sulfoxide (CH3),SO obtained by the oxidation of the dimethyl sulfide
(CHz3),S with nitric acid (Vaisman, Berkowitz, 1992.) Currently as the oxidant for
oxidant for this purpose take hydrogen peroxide H,O,. Dimethyl sulfoxide is the first
member of the homologous series sulfoxide R»SO,. In their further oxidizing a
sulfone R»SO,. The chemical structure of DMSO is clear, colorless, slightly bitter-
tasting liquid from its own odor, highly soluble in water [ Yu Quinn, 1994]. Organic
sulfoxides have a pyramidal structure with the sulfur atom at the apex. The
sulfoxides (RR°SO) radicals R and R differ from each other and exist in two optically
active forms. Amphiphilic molecule DMSO and high level. The negative pole of the
dipole is on the oxygen atom. DMSO has a streamlined structure which follows from
the temperature dependence of refractive index, density, viscosity and other
characteristics. Protophilic DMSO solvent, and therefore its associates are easily
destroyed by the addition of substances that are proton donors. Studies of the
absorption spectra of DMSO in the wavelength range of 350 nm-2200 nm show that
the spectrum of DMSO a number of organic compounds usually used study their
physico-chemical characteristics and molecular structures [Yu, Quinn, 1994].
Table 1 shows some physical characteristics and DMSO and waters. Relatively high
boiling point and large latent heat of vaporization (53J/M at 25 C) indicate that
DMSO B molecules are aligned with each other, forming a polymeric chain due to
oxygen bonds [Vaisman, Berkowitz, 1992]. DMSO inherent properties such as
amphicility, polarity, high resorption.

Studies of the biological activity of polyene antibiotics PA indicate that these
compounds interact specifically with sterols antibiotic sensitive organisms such as
fungi and elementary [Gray et al., 2012]. Researches molecular mechanism of
interaction of PA with membranes that create in membrane polyenes channels
through which cells from the outer environment may diffuse ions and intracellular
components leading to cell lysis [Cohen, 2010]. It has been suggested that the
biological activity of (PA) may depend on the nature of molecular interactions
between the charged groups of phospholipid molecules and antibiotics. It expects
that the membrane occurs as a result of hydrogen bonding between the (PA) and
phosphate groups of phospholipid molecules. Comparative analysis of the biological
activity of amphotericin B and nystatin shows that the amphotericin B is more
effective against fungi than nystatin [Aszalos et al., 1985].

Comparative data show that at the polyene chain of amphotericin and nystatin A1
and A is the same as studies have shown antifungal activity of these two antibiotics
identical to each other. These data suggest that the presence of definite number of
double bonds in the chromophore of (PA) is an important factor in determining their
sensitivity to the membranes. There is a direct correlation between the number of
double bonds in the chromophore and biological activity of antibiotics. The higher
the number of double bonds in the chromophore, (PA) the higher biological activity
[Kasumov, 2009].

Levorin antibiotic have higher selectivity of action on the membrane and different
from the other antibiotics polyene increased water solubility. The structure of the
lipid bilayer, as well as the structure itself penetrating molecules is an important
factor that contributes to the permeability of solubility in aqueous compounds. The
molecules DMSO have a high degree of resorption by the fact that the value of the
permeability DMSO located between water and fat. Table 1. It is suggest that DMSO
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increases the permeability of the large number of drug compounds across biological
membranes, and promotes their penetration deep enough into the cell. The molecules
DMSO increases and promotes membrane penetration substrates deep enough into
the cell.

Table 1. Physical properties of DMSO and water

Physical properties DMSO Water

Molecular weight 78.13 18.02
Density at 20°C 1.1014 18.02
Melting point 20°C 18.4 0.00

Boiling point 189.0 100.00
Surface tension at 20°C (10-x Pa x ¢) 46.2 72.75
Viscosity at 20°C (10-x Pa x ¢) 2.20 1.002
Dielectric constant at 20°C 48.9 80.20

First physic-chemical properties of amphotericin B were studied and levorin in
combination with DMSO and mixed in different ratios. The dependence of the
biomolecular membrane conductivity on the concentration of amphotericin B and
levorin. Amphotericin B dramatically increases membrane permeability for ions and
water, and non-electrolyte organic compounds. The dependence of the membrane on
the concentration of amphotericin B increases the proportionality eighth to the tenth
degree and extent of this depends on the structure of molecules PA. The sharp
dependence of membrane conductivity on the concentration of amphotericin B
allowed suggested that the ion permeability is associated with the formation of
channels in the membranes polyene oligomeric structure.

By increasing DMSO concentration aqueous solution increases polyene channel
assembly efficiency and enhanced stability of the channel in the conducting state.
Amphotericin B at a concentration 1x10° M in 10-10° again reduces the native
resistivity membrane (1-5x 1030m/sm?), prepared from total phospholipids. Shows
the dependence of the conductivity on the concentration of biomolecular membranes
of the amphotericin B at different concentration of cholesterol in membranes.
Bimolecular membrane conductivity depending on the concentration of
amphotericin B. The membranes of phospholipids with cholesterol in a weight ratio
20:1. Membranes were formed in solution 10 ml KCL, pH = 6, 5, t = 22C. The
addition of cholesterol to phospholipids increases permeability membranes in the
presence of amphotericin B for selective one valence anions.

However, in the study of aromatic antibiotic it was found that, unlike
amphotericin B levorin is not selective permeability to anions and cations of alkali
metals. Levorin differ from antibiotic nystatin, amphotericin B and mycoheptine
molecules by the presence of additional aromatic groups — p-aminoacetophenone,
which contains a positively charged nitrogen. With increasing concentrations of the
antibiotic membrane conductivity increases in proportion to the 4" degree of
concentration levorin. Depending on the study on the concentration of membrane
conductance levorin led to speculation about the presence in the membranes of
channels of molecular dimensions, inducing ion permeability. One might think that
selective permeability to cations associated with the formation of negatively charged
membrane pore. Rather, transfer of cations through the membrane though the border
of the channel hydrophilic. Important information on the mechanism of membrane
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permeability in the presence of aromatic antibiotic can be recovered from the data
transfer through the membrane of small ions, such guanidine and hydrazine. Levorin
in the presence of these ions, permeate through the membrane, rather than the ions
K and Na.

The presence of the same number of double bonds in the chromophore levorin
and amphotericin B is an important factor determining their high sensitivity to
membranes. Studies have shown that the most effective of the studied PA are
amphotericin B and levorin. A special role in the formation of conductive channels
of levorin and amphotericin within the membrane belongs dimethyl sulfoxide
DMSO. DMSO has the ability to greatly enhance the biological activity of the PA
and to induce in the membranes of selective permeability to ions and organic
compounds. Give the result of the experiments suggest that the selective action
mechanism is based on specific molecular interactions with membranes antibiotics.

Studies conducted showed that the chromophores PA molecules interact with
phospholipids, form a channel in a stoichiometric ratio of 1:1. Stoichiometric
coefficient assembly of single channels for different PA may differ from each other
and to be equal to between 3 and 17A (Ibragimova et al., 2006). Computer analysis
showed that the formation of ion channels in presence of an amide derivative of
amphotericin B ionizing group of molecules can be addressed both inside and outside
the channel, i.e. polar groups may be in two conformational forms mycosamine
through rotation around the glycoside linkages. There is an assumption that the
biological activity of the PA may depend on the nature of intermolecular interactions
between charged groups molecules antibiotics into the membrane occurs due to the
formation of hydrogen bonds between PA and phospholipid molecules.

Practical significance of the work

Widely used antibiotics in livestock crop received after became apparent adverse effects
on the suppression of phytopathogenic microflora send useful species of birds and
animals that feed on plant pollination. Antibiotics possess a number of valuable benefits
to combat phytopathogenic microorganisms as compared to other substances.
Antibiotics have a selective effect and inhibiting the development of pathogenic
bacteria and fungi, virtually harmless to plants and animals [Lewis, Papavizas, 1987;
Ibragimova et al., 2014]. When selected an antibiotic necessary condition is the absence
of toxicity. For example, PA used in low concentrations. (10-10*M), are not toxicity
for plants and animals. Studies shown that most used antibiotic well into absorbed in
animal and plant tissue concentration of antibiotic. Required for suppression of
pathogenic organisms in the tissues of animals and plants depends on the properties of
the antibiotic and the external conditions. As a basis for development of effective
antiviral, antibacterial and antifungal drugs PA. Based on the obtained data, calculated
minimum concentration of the maximum of its biological activity. Studies have
revealed a group of PA new compounds which has the ability to effectively and
selectively inhibit pathogenic infection. It was established that preparation able to
inhibit viral and fungal infections of plants. Processing plants infected with viral or
fungal infection, by spraying a solution leads to the effective disposal of plant
infections. As a result of laboratory tests of soil samples, which are grown vegetables,
it was found that in the soil contains a small amount of nitrogen, high phosphorus and
a small amount potassium pH of the soil sample is weakly alkaline. In Tab. 2 shows the
composition of the soil on the mineral elements on the basis of soil gradation.
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Table 2. Soil composition of mineral elements on the basis of soil gradation

The degree to which soil is provided Conduc-
with mineral elements on the basis of tivity on |
soil gradation particle
size
distribu-
— | tion of NaCl KCl
nitrogen phosporus potassium | the soil |
Sa - mg/kg mg/k |
aapley | 40-120 15-60 300-600 | (mg/ke) ¢ &)
name | | (mS)
pH mg/kg mg/kg mg/kg | standard standard
150-300 350-700
Index of mineral sample provision
nitrogen | phosporus potassium | ‘
| NINH:3 P202 K20 {
| mg/kg mg/kg mg/kg
\ 3 ]
SoiL | 7,55 | 7,76 | 13332 212,08 1.18 520 | 516 |

Despite the missing mineral elements in the soil aphids grown culture studies
have shown the high efficiency of the drug on the pathogens of vegetables. It should
be noted that preparation has the ability to completely inhibit the growth of the
tobacco mosaic virus (Tobacco mosaic virus) (Ibragimova, et al., 2014). Infected
plants after preparation treatment not only recover, but regeneration occurs wilted
plants from infection. It assumed that anti-virus and anti-fungal effect preparation
shown by binding of the antibiotic to the membranes with subsequent formation of
the complex in them, which is a channel formation of the drug inhibitory as
reproduction of viruses and fungal cells. The proposed facility is non-toxic, harmless
drug that can be used by environmental pollution and promote sustainable use of its
agriculture with the cultivation of vegetable and fruit crops. In the course of basic
research was the first to develop a new preparation against viral, bacterial and fungal
infections. It was studied the action of the preparation formed by microorganisms
Streptomyces, Staphylococcus a number of pathogens Escherichia Candida albicans,
and opportunistic bacterial and viral Coxsackie A, ECHO and herpes simplex virus
type I and II antimicrobial activity preparation studied in various assay systems.
Established that preparation at low concentrations (10-10 M) has antibacterial and
antifungal effects on the culture Salmonella typhimuium, Pseudomonas aeruginosa,
Proteus vulgaris, Escherichia coli gram-positive culture Staphylococcus aureus and
fungi Candida albicans cells, as well as antiviral activity lain on Coxsackie A.20,
ECHO 9 and herpes simplex type I and II. For both preparation obtained Eurasian
patents.

Conclusions

It was shown that membrane-active compounds of “Infanvir” have the ability at low
concentration (10"7-10"6 M) to annihilate the pathogenic microorganisms. The
characteristic molecule of “Infanvir” is that simultaneously and highly selective may
suppress virology, purulent and fungi infections. One of main pedologic and ecologic
issues is to search for preparations protecting vegetable culture against pathogenic
microorganisms. The current protective agents cannot completely prevent spreading
viral and fungal infections. To find a biologically active preparation against
pathogenic microorganisms of vegetable cultures, a range of experiments with one
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of polyene antibiotics has taken place in hothouse facilities and open soils of
vegetable farms located within the territory of the Apsheron peninsula, where
vegetable cultures such as cucumber, tomato, eggplant and pepper are
cultivated.“Infanvir”, the biologically active preparation developed in the pedology
faculty of Baku State University (the preparation content is not disclosed due to the
patent consideration) against virus and fungal infections of vegetable cultures has
been tested for the first time.

1. The “Infanvir” preparation has been developed on the basis of membrane-
active macrolide antibiotics. The mechanism of action of such compounds is based
on structural channels of molecular size generated by them in cell membranes and
which are selectively permeable for ions and organic compounds.

2. The investigations carried out in hothouse facilities as well as in open soils
have demonstrated high efficiency of the “Infanvir” preparation with respect to
pathogenic microorganisms.

3. The treatment of plants and soil itself affected by virus (the Tobacco mosaic
virus) and fungal infections by spraying the affected areas subject to calculation
100 ml initial solution dissolved in 10 | water at [22].
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B.X. Kacumosa, ®.B. I'acanau, JI.P. KepimoBa, T.A. Xoaina
3HAYEHHSA MOJIIEHOBUX AHTUBIOTUKIB Y MiABUIIEHHI
NPOHUKHOCTI MEMBPAHTA B JIIKYBAHHI iH®EKILiii TBAPUH i POCJIMH
Awnorauis. [TokazaHo, 1110 BUKOpUCTaHHs 1oJliecHoBUX anTUOioTHKIB (ITA) y noeHaHHi
3 ITUMETHJICYJIL(GOKCUIOM PI3KO IiBUIILYE 10HHY MPOHMKHICTH MeMOpaH Ta OioJioriuHy
AKTMBHICTh aHTHOIOTHKIB. PO3risiHyTO MOpiBHsUIbHI (i3MuHI Ta XiMIUHI XapaKTEepUCTUKU
muMetwicynspokenny Ta I[IA. JlocmipkeHo BIUIMB KOMIDIEKCHOT B3aemomii ITA Ha
nBomaposi mimigHi MemOpanu (BJIM). MeromoMm BHW3HA4YCHHSA MapaMeTpiB OioJOTIYHOT
aktuBHOCTI [TA Oyno mokaszaHo, IO 3 ycix HalOuIem BuBYeHHX [IA HalieeKkTUBHIIMMU
BUSIBIIIHCS aMmoTepuiiH B Ta neBopuH. Pesynbrary po3novaro BiIIOBiTHO 10 IPOBITHOCTI
xoslectepuHy B MeMmOpanax 3a gornomororo bJIM. Ha ocnosi ITA po3poGiieHO ekoJoriuyHy
MOJIENIb 3aXMCTy HAaBKOJIMIIHBOTO CEPEJOBHINA IUIIXOM BCTaHOBJIECHHS MeEMOpaHHO-
akTuBHOI KoHIEeHTpamii [TA mpotn BipycHHX, TPHOKOBUX Ta OakTepiaibHUX 1HQEKIH aiIst
TBapHH Ta POCiHH. byno moka3zaHo, 0 BHKOPHCTaHHS MoJlieHOBUX aHTHOioTHKIB (ITA) y
moegHanHi 3 auMmerwicynbhokcunom (AMCO) pi3ko miIBUIIye i0HHY NPOHUKHICTH
MeMOpaH Ta OioJIOTiYHY aKTHBHICTH aHTHOIOTHKIB. BH3HaueHO mMOpiBHsUIBHI (i3w4HI Ta
XIMIYHI XapaKTepUCTHKHU AuMeTHICYIbpokcuay Ta ITA. JlociiKeHO BINTUB KOMIIEKCHOTO
3B"s13Ky MiX ITA Ta gBomrapoBumu niniganmu mem6panamu (BJIM). Busnaueno napamerpu
6ionoriunoi aktuBHOCTI [TA Ta BJIM. Byno moka3zano, mo cepen ycix mocnimkeHux [TA
HailledexTUBHIIMMHU Oynu am¢porepunnt B ta neBopun. [okaszaHo, 1110 i0HHAa TPOHUKHICTB
BLM 3anexuts Bij KoHIeHTpawiil amporepunmny B, teBopuny Ta xonecrepuHy. Ha ocHoBi
ITA po3pobieHo OioJOTiYHO aKTHBHI TpenapaTd NPOTH BIPYCHUX, OakTepialbHUX Ta
rpuOKOBHX 3aXBOPIOBaHb. byso mokaszaHo, 110 BUKOPUCTAHWH IpenapaTr MOXKe MOBHICTIO
3amobiraTi pocty BipyCy TIOTIOHOBOI Mo3aiku. Ciil OCOOMMBO 3a3HAYMTH, IO TICIIA
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00poOku mpenaparoM «lHhaHBIp» ypakeHI POCIMHM HE TUIBKM BWIIIKOBYIOTBCS, a M
MIOBHICTIO pereHepyroThes. binblie Toro, oBoueBi pocianHu, 00poOIeH] TaKuM IpernapaTom,
Manyd B 2 pa3u Oimpmmii yposkail, Hi’)K KOHTpPOJBbHI. BBakaeTbcs, IO aHTHBIpYCHHH Ta
MPOTUTPUOKOBHN eeKT mpemnapary «lHpaHBip» MOB'I3aHAN 3 X B3aEMOMIEIO 3 JIMITHUMHI
KOMIIOHEHTaMH LIUTOITIa3MaTUYHUX MEeMOpaH, [0 BUKJIMKAE pyHHYBaHHS CTPYKTYPHU KITITHH
MMATOT€HHUX MIKPOOPTaHi3MiB.

Kao4oBi cioBa: mosieHOBI aHTHOIOTHKH, AUMETHICYIb(QOKcHA, aMmdorepuunH B,
JICBOPHH, JIiITiHI MeMOpaHH, IPOHUKHICTh MeMOpaH, iH(EKIIii TBapHH Ta POCIHH.
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CHALLENGES OF GREEN CONSTRUCTION IN UKRAINE AT THE
STAGES OF REGULATORY IMPLEMENTATION AND PRACTICAL
REALIZATION

construction, extends payback periods and reduces investor interest.

integrate into the European sustainable development framework.

CAPEX; payback period; investment attractiveness.

© P.O. I'mymenko, 2026

Abstract. The article examines the current state and prospects of green building
development in Ukraine in the context of international experience and economic
incentive mechanisms. The study highlights the growing importance of
environmentally oriented construction as a response to the challenges of climate
change, urban environmental degradation, increasing energy dependence and the
need for sustainable urban transformation. Unlike EU countries, where LEED,
BREEAM and national sustainability standards are supported by financial
incentives such as tax benefits, subsidized loans, grant programmes and fast-track
permitting procedures, Ukraine lacks a comprehensive system of state support. This
absence makes green projects economically less attractive than traditional

The article presents a comparative analysis of incentive models implemented in
Copenhagen, Berlin, Warsaw and London and includes an applied economic
modelling case for a 10,000-25,000 m? development in Kyiv. The modelling results
show that the implementation of grants, reduced-interest financing and tax
reductions may shorten the investment payback period from 13 to 8—9 years and
significantly increase project profitability. Based on international practices adapted
to Ukrainian conditions, the paper proposes a set of economic and regulatory
mechanisms, including tax reductions, concessional lending, land and planning
incentives, and the introduction of a national certification standard and the “Green
Fast Track” system. The study concludes that green construction should be
regarded not as an additional financial burden, but as an economically justified tool
for enhancing competitiveness, improving environmental performance and
accelerating post-war recovery. A systemic state policy can enable Ukraine to
increase the share of certified green projects to 10—15% within five years and

Keywords: green building, sustainable development; LEED; BREEAM, economic
incentives, energy efficiency, real estate development; public policy; ESG; Ukraine;
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P.O. I'nymenko
KuiBchkuii HaioHATHHUN YHIBEpCUTET OYIIBHHUIITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

ITPOBJIEMH 3EJEHOI'O» BYIIBHUIITBA B YKPAiI:II HA CTAAIAX
HOPMATHUBHOI IMIVIEMEHTAIIII TA IPAKTUYHOI PEAJII3ALLL

Anomayia. Cmamms npucésuena auanizy Cy4acHo20 CmMamy ma nepcnekmus
PO38UMKY «3eneH020» 0yOigHuymea 8 YKpaini y KOHMeKCMmi MIHCHAPOOHO20
docgidy ma  npakmuku — eKOHOMiyHo2o — cmumyaroeanHs.  OOIpYHMOBAHO
aKmyanbHicms nepexooy 00 eKOJNO02IYHO OPIEHMOBAHUX MEXHON02IN Y 6ydiseNbHil
2anysi 3 02150y HA 3pOCMAHHI EHEPLEMUYHOT 3ANEAHCHOCHI, eKONI02IYHY deecpadayilo
YpOaHi308aHUX Mepumopiti. ma HeoOXIOHICIMb (QOPMYSAHHSA CMUIUKUX MICbKUX
exocucmem. Iloxaszano, wo Ha GiOMIHY 8I0 NPOGIOHUX EEPONCUCLKUX KPAiH, Oe
cepmupivayis LEED, BREEAM ma nayionaneHi cmanoapmu CynpogooNCyomoscsi
CUCMEeMOI0 NOOAMKOBUX Nilbe, 2PAHMIE MdAd CHPOUWeHux npoyedyp, 6 Yrpaiui
8I0CYmMHI eheKMUBHI MeXAHIZMU OEPAHCABHO20 CMUMYTIOBAHHA. Lle pobumb «3eneniy
NPOEKMU eKOHOMIYHO MeHW BUSIOHUMU 0151 0e@eloNepie NOPIGHAHO 3 MPAOUYIUHUM
0y0igHUYMBOM, 30inbULYE CMPOK OKYNHOCMI ma obmedxcye iX nowupenus. Y
cmammi 30iUCHEHO NOPIGHANbHUNL AHANI3 eKOHOMIyHUX moolerei Koneweacena,
bepnina, Bapwasu ma JlonOona i npogedeno po3paxyHKoge MOOeno8anHs 0/is
oghicnoeo npockmy 6 Kuesi, ujo 00600ums Knio4osull 61aue Qinancosux cmumynie
Ha okynuicmo ineecmuyiu. Ilokazano, wo 68edeHHs 2paHmis, 30eulesieHoco
KpeOumyeanHs ma no0amkosux niibe 30amue cKoOpomumu cmpox okynnocmi 3 13
0o 8-9 poxie ma niosuwumu iHeeCmMuyiliHy NPUBAGAUBICMb. 3ANPONOHOBAHO
KOMNAEKCHI MeXAaHi3MU CMUMYIOBAHHA, KII0UAIOYU NOOAMKOSI [THCMpYMeHmU,
ninveoge kpeoumyseanus, cucmemy «Green Fast Tracky ma noemanuy 0opoichio
Kapmy imniemenmayii. 3pobieno 8UCHOBOK, WO PO3GUMOK 3eIeH020 OYOIGHUYMEA 8
Yrpaini moxciueuil nuwe 3a ymosu nepexody 6i0 0eKIapamu@Hoi NOaimuku 00
EeKOHOMIYHO 0OIPYHMOBAHOI cucmemu NiOMpUMKY, WO 3ab6e3neduums iHme2payino
Kpainu y €8poneicbKuli pUHOK CHAno20 po3GUMKY.

Knrouosi cnoea: szenene Oyodisnuymeo; cmanuii pozeumox, LEED; BREEAM;
EKOHOMIYHI CIMUMYNIU, eHepeoeheKMUBHICING, PO3GUMOK HEPYXOMOCMI; 0epIHcaAsHa
nonimuxka, ESG; Vkpaina;, xanimaneni eumpamu, mepmin  OKYNHOCHI;
ingecmuyilina npueadbIUBicmb.

https://doi.org/10.32347/2411-4049.2026.1.79-94
Beryn

VY KOHTEKCTi TIOOaNbHUX KIIMATHYHHX 3MiH, 3pPOCTaHHS EHEPreTUYHOL
HECTaOUTPHOCTI Ta MOINMMOJNEHHS EKOJIOTIYHOI KpH3W MUTAaHHS CTajoro Ta
«3eJIeHOro» OyJIiBHUIITBA HAOyBa€ KJIHOYOBOTO 3HadyeHHs. CydacHi MeramoJicu
CTHKAIOThCS 3 HAPOUIYBaHHSM TEIUIOBOTO €(QEeKTy «OCTpOBay, 3a0pyIHEHHIM
MOBITPSI, ACTPAAaLi€ro 3eJeHUX 30H 1 AedinnToM BoAgHUX pecypciB. OOMEXeHICTh
MPUPOAHUX PECYPCIB — BOAM, YACTOTO MOBITPS, €HEPrii Ta 0e3MeYHOro JOBKIJUIS —
BUMara€ Iepexoay BiJ MOJENi CIOXKHMBaHHA SK “maHOCTI” 70 Mojedi
BiJNOBIaJIbHOTO BUKOPHUCTAHHSA, [€¢ KOXHE i1H(QPACTPYKTypHE DPILICHHS Mae
BpPaxoBYyBaTH BIUIMB Ha HABKOJIMIIHE CEPEIOBUINE Ta 3J0POB’S HACEIEHH:.
PospaxoByBaTti, 10 pecypcH, JIOCTYNHI CBHOTOMHI, 3alHIIATUMYThCS Y
Maii0yTHLOMY, — CTpATEri4HO IOMHUIIKOBO Ta EKOHOMIYHO HEOEe3MeuHO.
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Y CcBiTI Aep)kaBHA TMONITHKA HOENali dYacTillle CIpsSMOBaHA Ha IMATPUMKY
OyAiBeIbHUX MPOEKTIB, IO 3a0€3MEeUyI0Th pallioHaIbHE BUKOPUCTAHHS PECYPCiB Ta
3MEHIIIEHHSI TEXHOI€HHOTO HaBaHTa)xeHHs. [10aTKoB1 Minbry, 3HIKEHI CTaBKH Ha
MIJKITIOYeHHS [0 I1HKEHEpPHUX MepeXX, MPUCKOpPEHI MO3BUIBHI MpoueaypH Ta
CyOCHAyBaHHS «3€JIEHUX» TEXHOJOTiH poONSATh eKoNoriyHe OyaiBHHUIITBO
€KOHOMIYHO JOLIJIBHUM 1 KOHKYPEHTOCTIPOMOXHUM [ 1].

B VkpaiHi, monpu npucyTHICTh MibKHApOAHHUX cepTudikamiianx cucreM LEED
ta BREEAM, puHOK 3eieHoro OyAiBHHUITBAa repeOyBae Ha IMOYATKOBIN cramil
PO3BUTKY 1 HE Ma€ pealbHUX EKOHOMiYHMX cTuMymiB. Ceptudikamis yacto
BUKOPUCTOBYEThCA SIK MApKETHHTOBUM 1HCTPYMEHT JUIS IiJBUIIECHHS BapTOCTI Ta
IIBUIKOCTI TIPOJIAKy, @ OCHOBHI BUTOH MPOSIBISIOTHCA JIUIIIE HA €Talll eKCIUTyaTarlil
4yepe3 eKOHOMII0 eHepropecypciB [2]. BiiCyTHICTh Iep>KaBHUX CTHMYJIIB — 3HHIKOK
Ha 3€MEJbHI JUISHKH, IOJATKOBUX IepeBar, KOMIICHCAIIM 3a BIPOBAPKCHHS
EKOJIOTIYHMX TEXHOJOTIM Ta CHPOMEHNX [O3BUIBHUX TWPOIEAyp — poOUTH
€KOJIOTiuHI pimeHHs (IHAHCOBO HEBUTINHMMH Ha eTalaxX TMPOEKTYBaHHS Ta
OyIiBHUIITBA.

Y pe3ynbTarti neBenonepu 00MparTh CTaHAAPTHI Oy IiBENbHI PIIEHHS, OCKLTBKH
BOHHM 3a0€3MeUyloTh INBHIIIANA €KOHOMIYHHM e(eKT, TOMi SK «3eleHi» MPOEKTH
4acTo MOCTYNAThCS 3a TIOKa3HUKaMH 1HBeCTHLIHHOT mpuBadauBocTi. Lle cTBOproe
PO3PHUB MiX 33JJeKJIaPOBAaHUMH LIJSIMU CTATIOTO PO3BUTKY Ta PEAJIHHOIO MPAKTUKOIO
ramysi.

Merta cTaTTi — NPOAEMOHCTPYBATH HEAOCTATHICTh Ta HEEPEKTUBHICTh YMHHOI
HOPMAaTHUBHO-TIPaBOBOI Ta eKOHOMIYHOI Oa3zu OyniBenbHOI ramy3i YkpaiHu, ska
CTUMYJIOE JIeBEJIONEepiB N0 BUOOPY CTaHNAPTHUX TEXHOJOTIH  3aMicTh
BIIPOBA/KEHHS <«3EJIEHUX» pillleHb, a TakKoX OOIPyHTYBaTH HEOOXiIHICTh
BITPOB/IXKEHHSI EKOHOMIYHHUX CTHMYJIiB JIJIsl PO3BUTKY CTaJIoro OyIiBHUIITBA.

3aBgaHHs CTATTI:

e TIpoaHaNli3yBaTH YMHHY HOPMATHBHY Ta €KOHOMIYHY 0a3y OymiBHHIITBA B
VYxpaini;

e BH3HAYUTH KJIIOYOBI (AKTOpW, MO POONATH CTaHJAPTHI TEXHOJOTIT
€KOHOMIYHO BUTIIHIIINMH 3a «3€JIEHI»;

e jochiauTH icHytouy npakTHky ceprudikauii B Ykpaini (LEED/BREEAM)
Ta ii peaJIbHU BIUINB;

e [IPOBECTH NOPIBHSIHHSA 3 €BPOIEHCHKOI0 MOJAEIII0 CTUMYJIIOBaHHS (Ha
mpukstazi [ompi);

® 3ampoIOHYBATH EKOHOMIYHI MEXaHI3MH CTHUMYJIIOBAaHHS  <«3EJCHHUX)

MPOEKTIB.

1. TeopeTn4Hi 3acagu Ta MIXKHAPOAHHI [OCBil PO3BHUTKY <«3€JICHOI0»
OyaiBHUITBA

1.1. TeopeTH4Hi 3acaay CTAJOro0 Ta «3eJ€HOr0» OyTiBHMITBA

«3eneHe» OYMIBHUITBO PO3MIISNAETBCA K KOMIUIGKCHMW —WiaXig 70
MPOEKTYBAHHS, pealtizallii Ta eKkcIulyaTallii OyaiBesb 3 MiHIMAJbHUM BIUIMBOM Ha
JIOBKIJUJIS, palliOHaJbHUM BHUKOPHCTAHHSIM pPECypCiB Ta 3a0€3MEeUeHHSIM BHCOKOI
SIKOCTI KHUTTA HaceleHHA. OCHOBHUMH IapaMeTpaMH € €HEProeqeKTUBHICTD,
BOZ030EPEIKEHHS, IHTErpaIlisi EKOCHUCTeM Yy MIChbKE CEPEJOBHIIE, 3HIKCHHS
BYIUICIICBHX BHKHJIIB Ta 3aCTOCYBaHHS €KOJOTIYHUX Martepianis [10].
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[Ipore MikHapoOmIHI AOCTIIKEHHsI CBimYaTh, MO caMa IO cobOi cepTudikaris
LEED uu BREEAM He rapanTtye cyTTEBOTO 3HHKEHHSI €KOJIOTIYHOTO BILIHBY, SIKIIIO
BiJICYTHI BI/ITTOBiIHI €KOHOMIYHI Ta 3aKOHOAaBY1 cTuMyiH [ 12]. CepTudikartis auiie
(hikcye BIOMOBIMHICTh TEXHIYHUM KPHUTEPisSAM i He 3MIHIOE PHHKOBHX YMOB, IO
BH3HAYAIOTH EKOHOMIYHY MOTHBAIIifO eBesomnepa [15].

Y kpaimax €C ycmix cranoro OymiBHHIITBA 3a0€3MEUYETHCS IMOETHAHHIM
HOpPMAaTHUBHUX BHUMOT Ta €KOHOMIYHHMX IHCTPYMEHTIB. JleBelomepn OTpPHUMYIOTh
3HaYHI BUTOAW — TIOJATKOBI CTUMYIH, IJIBIOBE KPEIWTYBaHHS, NPUCKOPEH]
JIO3BUTBHI pOLIEAYpPH, ACpKaBHI IpaHTH Ha eHeproedekTruBHi TexHoorii [16]. Le
POOUTH «3€JIeHI» PillicHHS] eKOHOMIYHO BUTIHIIITUMHU 32 TPaIUIlifHI.

B Vkpaini >k LEED/BREEAM MaroTh mepeBakHO MAapKETHHTOBUI XapakTep,
OCKUIBKH BiJICYyTHI OyJb-siIKi MEXaHi3MU KOMIICHCAIlil BUTPAT, NMpedepeHIlii moI0
3eMIi, (PiHAHCYBaHHS UM MMOJATKOBI MUIBTH, 2 TOMY €KOJOT14HI MPOEKTH BTPAYAIOTh
KOHKYPEHTHY €KOHOMIKY.

1.2. Mi:kHapOaHUI AOCBiA CTUMYJIIOBAHHSA €KOJIOTiYHOT0 OyXiBHUIITBA

CBiTOBa MpaKTHKA MiATBEPHKYE, IO POSBUTOK CTAIIOTO OYAiBHUIITBA MOXIIUBHN
JUIIE TPU JepKaBHIM MATpUMIN eKOHOMIYHMX cTumymiB [12]. Huxdae HaBenmeHo
MPUKIAIN YOTUPHOX €BpOMEHChKUX cTonuip (Tabm. 1.2.1), ne y3aralpHEeHO THUIH
E€KOHOMIYHHX 3aXO/IiB Ta IX OCHOBHI pe3yJbTaTH B MIPAKTUII KOXKHOTO MICTa.

Tabmuus 1.2.1. TopiBHsIBPHA XapaKTepUCTHKA IHCTPYMEHTIB CTUMYIIOBAHHS Y
YOTHPBOX €BPONECUCHKUX CTOJUISX

|MiCTO ||IHCprMeHTH CTHMYJIIOBAHHS ||Pe3y.anaTu / BILINB |
NpIOPUTETHE BWJAIJICHHS 3€MIIl,||peaitizalis MIPOEKTIB Ha
Konenraren, |rpantu Ha exorexHouoriL,|[kwrant CopenHill, pexoHdiryparis
Janis TBrOBe (hiHaHCYBaHHS||CHEPTETHIHOT CHUCTEMU MicCTa,
H " n :
MyHIDUTAIBHUX "green bonds ctpaterisst CPH2025 mono zero-carbon
Tomron fast-track planning, mnojaTkoBe||3pocTaHHs PHHKOBOT BapTOCTI
’ 3HHMKCHHS, Carbon Offset|[«3e1eHnx» 00’€KTIB Ta CKOPOYEHH:
Besnka . . e
e — mechanism, BREEAM SIK||IHBECTULIMHOTO LIUKITY
P KpuTepiii MicToOy TyBaHHs
. nierope  kpeauryBaHHs KfW|[ckopoueHHS CTpOKy OKymHOCTI Ha
Bepain, o . N
. (1-1,5% pIYHEX), bonus-||20-30%
Himeyunna N
repayment 10 27,5%
Bapumaga, EU-funds, xomnencariss CAPEX|macoBe 3pocTaHHS cepTH(IKOBaHUX
Moabuia 10 30%, mporpamu NFOSiGW  ||00’€kTiB, aKTUBHHIA TOTIUT iHBECTOPIB

no6poBitbHa cepTHdikalis Oes|lcepTudikamis sSK MapkeTHHT, 0e3

KwuiB, Ykpaina . .
CTHMYJIIB €KOHOMIYHOTO ehexTy

VY €BpOMNEHCHKUX CTONUISIX TOENHYIOTHCS Pi3HI THCTPYMEHTH — BiJ| TPSMOTO
¢diHaHCyBaHHS JI0 TPOIEAYPHUX mpedepeHIiii — Mo pOOUTH green-mpoeKTH
€KOHOMIYHO NpUBaOIMBUMHU. YKpalHCbKa NpPaKTHKa BiIPi3HIETHCS BiJICYTHICTIO
KOMIUIEKCHUX CTUMYIIiB.

Jani miATBEpPIPKYIOTh, III0 EKOHOMIYHA MOTHBAIliSl € KIIOYOBHM JpaiiBepoM
PO3BUTKY, a HE JIUIIIC CKOJIOTIYHA i/Ie0I0Tis a00 iMiJIK.
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1.3. TlpakTuuHi KeiicH CTUMYJTIOBAHHS <«3€JE€HHX» MPOEKTIB Yy
€BpOMNeichKHUX MicTax

Konenraren (Janis). Konenraren € oquuM 3 iepiB y BIPOBaKEHHI cTpaTerii
carbon-neutral City 2025, ge eKoioTiuHi TEXHOJIOTII MATPUMYIOTHCS JepKAaBHUMH
iHcTpymMeHTamMu (iHancyBaHHA. OmauM 3 KI04oBUX 00°ekTiB € CopenHill —
iHOPAaCTPYKTypHHI KOMIDIEKC YyTWIi3alii BiAXOAIB 1 BUPOOHHUITBA TeIUia Ta
eNeKTpOCHeprii, 1o  3a0e3nedye  CEHEPronoCTAuyaHHSAM  JECSATKH  THCAY
JoMorocmonapceTs [23].

Jlongon (Besmka Bbpuranis). Cucrema MiCTOOYMIBHOI TOJNITUKH BKITIOYAE
€KOHOMIYHI CTUMYJIH: IIBHIIIIE OTPUMAaHHA JO3BOJIiB, KoMIeHcaliiHi MexaHizmu CO:
Ta (iHaHCOBI IepeBaru /i aeBenonepa 3a HassBHOCTI BREEAM Outstanding [16].

Bepain (Himeuuunna). Oenepanpunii 6ank KfW 3a0e3neuye minbprosi KpeauTu
Ta YaCcTKOBE IMOTAIICHHS 1HBECTHILIIN Ha peaiizalito eHeproeeKTUBHUX 00’ €KTIB,
10 B OKPEMHUX BHITAJKaX CKOPOUYE CTPOK OKymHOCTI 3 12—18 mo 3—6 pokis [12].

BapmaBa  (Ilonbmia). «3eneHi»  MPOEKTH  Peali3ylOThCS  3aBAAKH
KoMOiHOBaHOMY (piHAHCYBaHHIO i3 CTPYKTypHUX ¢oHAiB €C, MyHIIUNAIbHUX
MpOoTrpaM Ta MOJATKOBHX 3HIDKOK, 10 3a0e31euye KOHKYPEHTHICTh CepTH(IKOBAHIX
00’exTiB [16].

Kuis (Ykpaina). Ceprudikanis LEED/BREEAM BHKOpHUCTOBYETBHCS SIK
MapKEeTUHTOBUH 1HCTPYMEHT 1 HE Ma€ EKOHOMIYHHMX CTHUMYIIB, HIO OOMEXKY€
PO3BUTOK €KOJIOTIYHO OPi€HTOBAaHUX OyliBEIIb.

BucnoBku a0 po3ainy 1

AHai3 MiDKHApOJHOTO JOCBIY CBIIYHMTH, III0 MACOBUI PO3BUTOK «3EJIECHOI0Y
OyJIBHUIITBA MOXJIUBUH JIMIIE TIPH HAABHOCTI EKOHOMIYHMX CTHMYJIB.
VY eBponeiicbkUX MicTax 3e€JIeHH TMpOoeKT € (iHAHCOBO BUTIJHIIINM 32
CTaH/IAPTHUI/CTAIIOHAPHUHN, TOMI SIK B YKpaiHi — EKOHOMIYHO 30WUTKOBUM.
BigcyTHicTh cHUCTEMHM MITPUMKH JeBejionepa (opmye Oap'ep, IO TaabMye
BITPOB/IXKEHHS €KOJIOTTYHUX TEXHOJIOT1H.

2. IIpoOnemu Ta 6ap’epu «3eeHOro» OyAiBHMITBA B YKpaiHi

2.1. BigcyTHicThb HOPMATHBHOI Ta MOJATKOBOI 0a3M CTUMYJIIOBAHHS
«3eJIeHOro» OyIiBHMUTBA B YKpaiHi

KitouoBuM Gap’epoM  PO3BUTKY  «3€JCHOrO» OYIiBHUIITBA B  YKpaiHi
€ BIJICYTHICTh IUTICHOT JEP)KaBHOI IMOJIITUKUA T4 €KOHOMIUYHUX CTHMYJIB, 3aTHUX
3poOHUTH eKoJoriuHi iHBecTulii (iHaHCcOBO BUrigHMMH. Ha BigMmiHy Bim Kpain
€ponericekoro Coro3y, ne ypsan 3a0e3nedyioTh MOTYXHY MiATPUMKY depe3
MOJIATKOBI MiJIBTH, concessional-loans, rpaHTOBI MporpaMu Ta CIPOIIEHi JO3BUTBHI
MpoLeAypH, B YKpaiHi Taki MEXaHi3MH BiJICyTHI a00 HE 3a0e3eUy0Th peaJbHOro
BILTUBY Ha pillieHHs aeBenonepis [16], [17].

Cranom Ha 2025 pik yKpaiHChbKe 3aKOHOIABCTBO HE MICTHTH aHi MOJATKOBHX
CTUMYJIiB, aHi MyHIHUIIAIEHUX TPOTpaM MiATPUMKH Ui 00’ €KTiB, cepTU(iKOBaHUX
3a LEED a6o BREEAM [17]. HaBiTbs 32 yMOBH HasiBHOCTi TEXHIYHOI MOXKIHBOCTI
BIIPOB/DKEHHSI  Pecypco30epiralounx  TEXHOJOTiH, JIEBEJNONepH  BHUMYIIEHI
OpIEHTYBATUCS Ha INIBHAKUANA O0OPOT KaIiTally, OCKUIbKM JOJATKOBI 1HBECTHIII B
€KOJIOT1YHI PIIICHHS HE KOMITEHCYIOThCS XKOJHUMH (DIHAHCOBHMHU BUTOIAMH.
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Js mopisasaEA: v [lompmii, Jlamii Ta HiMewyuwmni rpaHTOBI TIporpamu i
cyOcunoBane (hiHAHCYBaHHS JO3BOJISIOTH 3HU3WUTH YHCTI KalliTalbHI BUTPATH Bij
20% 1o 30%, a TaKO’K CKOPOTHTH BapTiCTh KpeAuTyBaHHA A0 1-6% piunux [1], [5],
[6], [12]. B Ykpaini x Oi3Hec 3airydae KoMmepuiiHi kpeauta min 18—25% piganx, mo
pOOHTH TOBrOCTPOKOBI €KOJIOT1YHI IHBECTHITII €eKOHOMIYHO HEIOIUTBHIMH [16].

Y pesymprari  «3eneHi» ceprudikanii LEED/BREEAM  BukoHyloTH
MepPEeBaKHO MAapKETHHTOBY (DYHKIIIO, MiABUIIYIOYH KOMEPIiiHY NpHUBaOINBICTh
00’€KTiB, aJie He CIPHSIOTh CHCTEMHUM 3MiHaM y Taly3i Ta 3HWKEHHIO PEaIbHUX
EKOJIOTTYHUX PU3HKIB.

2.2. IopiBHAIBbHMIT aHAJI3 MOAATKOBUX Ta (PiHAHCOBUX iHCTPYMEHTIB
cTumyaoBaHus (EBpona — Ykpaina)

st nopiBHAHHS e(DEKTUBHOCTI MI>KHAPOTHUX CUCTEM EKOJIOTT4HOI cepTudikamii
y OyIiBHUIITBI MPOBEJICHO aHAJI3 CTPYKTYPHUX BIIMIHHOCTEH, KITFOUOBUX KPUTEPIiB
Ta pe3ynbTaTUBHOCTI HalmommpeHimux cranaaptie — LEED, BREEAM 1a DGNB,
MOJIaHO iX y3arajibHeHy XapaKTePUCTHKY, IO JO3BOJISE OI[IHUTU CHIIbHI CTOPOHH Ta
00MeXEeHHS KOXHOI CHCTEMH Y KOHTEKCTI MPOEKTYBaHHSI Ta eKCIUTyaTallii Oy/1iBeib
(Tabm. 2.2.1).

Tabmuus 2.2.1. OickanbHi cTaBKU (OPIEHTUPH TSI TOPIBHSIHHS)

|Kpa'1'Ha ||HI[B / VAT ||K0pn0paTI/IBHI/H71 nogarok (CIT) |
|Hom)111a ||23% (Dudkowiak & Putyra) ||19% (Tax Summaries, 2024) |
|HiMeth/1Ha ||19% (Tax Summaries, 2024) ||25% cepenubo3Baxkeno (GTAI, 2023)|
Hanis |25% (Tax Foundation, 2024) |[22% (OECD, 2024) |
[Benuka Bpuranis][20% (GOV.UK, 2024) 125% (GOV.UK, 2024) |
|YKpa'1'Ha ||20% (State Tax Service, 2025)||3MiHHi pexxumu (Accace, 2024) |

Jani, 1mo HaBOAATBHCS, IMOKa3ylOTh NpuOMM3HiI 3HadenHs [IJIB Ta
KOPIIOPAaTHBHOTO TO/IaTKy Y KpaiHaX, BUKOPUCTAHUX JUIS TMOPIBHSHHS. 3HAUYCHHS
BUKOPUCTOBYIOTHCS Y TIOAAJBIINX MOJEISAX JJIsi pO3PaXyHKY BIUIMBY MOJATKOBUX
pexxumiB Ha CAPEX/OPEX Ta oKynHicTb.

BinMiHHOCTI y (icKanbHHX CTaBKaxX BIUIMBAIOTh HA 3aralbHy iHBECTHIINHY
NpUBaOIUBICTh: Kpallle mnojaaTkoBe cepepoBuie y Ilonbiii uu JlaHii mocuiioe
CTUMYJI JUISI BIPOBAKEHHS «3€JIEHUX» PILLICHb.

Jnst OLiHKM iHCTUTYUIHHHMX BiIMiHHOCTEH MiX YKpaiHowo Ta kpainamu €C
JOLIJIbHO TOPIBHATH KJIFOUOBI E€KOHOMIYHI Ta TIOAAaTKOBI IapaMeTpH, 10
BH3HAYAIOTH 1HBECTHIIIMHY JIOTIKY JIEBEJIONEPIB IMiJ] Yac MPUUHATTS PIillleHb I0/I0
BIIPOBAIXKEHHS «3€JIeHNX» TexHoioriil. Hacamnepen BaxxiauBumu € crasku [1/1B Ta
KOPIIOPaTUBHOTO IMOJATKy, HAsSBHICTH a00 BIiJICYTHICTh TI'DAHTOBMX MEXaHi3MiB,
JOCTYII JIO MIBIOBOTO KPENMUTYBAHHS Ta MyHIIUTIAIBHUX CTUMYIIB, IKi (POPMYIOTh
(iHaHCOB1 YMOBH peaii3alii MpOoeKTIB.

V kpainax €sponeiicekoro Coro3y 1moaaTkoBa Ta (iHaHCOBA MONITHKA CIPSMOBAHA
Ha 3HmwkeHHs KamiTareaux ButpaT (CAPEX) i Baprocri rpomeit y gaci (WACC), o
1By € IHBECTULIHHY MPUBAOIMBICTh €KOJIOTYHO-OpieHTOBaHMX Oy iBesnb. B Ykpaini
TaKi MeXaHi3MH BiJICyTHI 00 HE MArOTh MacIITAOHOTO PAKTHYHOI'O 3aCTOCYBAHHS, 11O
CYTT€EBO TIOTIPIITye €KOHOMIYHI MTapaMeTpH «3€JICHOTr0» Oy TiBHHIITBA.
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[TopiBHsIIbHA MaTpUIlA TOMATKOBHX Ta (DIHAHCOBUX IHCTPYMEHTIB IS
CTUMYJIIOBAaHHS green-npoekTiB y kpainax €C ta Ykpaini (Tabm. 2.2.2) neMoHcTpye
MPUHIMIIOB] BiIAMIHHOCTI MK AEPKaBHUMU MOJCIISIMH MiATPUMKH Ta IMOSICHIOE,
YOMY aHAJIOTI9HI IPOEKTH MAIOTh Pi3HI MOKA3HUKH OKYITHOCTI ¥ PI3HUX KpaiHaX.

HasiBHiCTH TpaHTIB, SKHMH CYHpPOBOJUKYIOTHCS IIJIBTOBI MO3WKH Ta 3€METbHI
npedepeHLii y 1ociKyBaHUX KpaiHax, HaBeaeHo y Taou. 2.2.2.

Tabmums 2.2.2. Policy-matrix: BUKOpPHCTaHHS I1HCTPYMEHTIB CTHMYIJIIOBaHHS Y
BUOpaHMX KpaiHax

. Himeuunna / |[[Tonbmia / ..
Iactpymenr ||Jdanis / CPH KEW NFOSIGW Jlonnon (UK)||Ykpaina
BEJHKi green-
funds (up to
€1.8B) repayment  ||CAPEX- targeted
R — (Minist of bonus Jo|[rpartu 10 30%||grants BiICYTHI
p Financery 27.5% (KfW,||(NFOSIiGW, ||(Business ey
Denmark, 2023) 2023) Green, 2024)
2024)
18-25%
[Tinerosi RRP- 1-1.5% loans o KOMepIiiHi
KpeIuTH financing (KfW, 2023) >-6%loans igreen-loans (Accace,
2024)
3eMenbHi . . planning . .
... ||HasBHI OOMEXEHO  ||aKTHBHI BIZICYTHI
npedepeHrril obnerueHHs

Came moeHAHHS TPAaHTIB Ta JICMIEBUX KPEIUTIB CYTTEBO 3HHXKYE YHUCTI
nonatkoBi CAPEX y «3eneHnx» MpoeKTax.

2.3. Moaeai kaniTanbsHux BUTpAT i okynHocTti (Kuis — Bapmasa)

AHamni3 NpakTHYHOTO 3aCTOCYBaHHS EKOJOTIYHHMX CTaHAapTiB y kpaiHax €C
MOKa3aB 3HAYHUI €KOHOMIYHUH (KT BiJl BIPOBAIIKEHHS JICP)KaBHUX CTHMYJIB Ta
MYHIIUIATBHOT MATPUMKH, HaBEJICHO y3arajdbHeHi IPUKIaIy peali30BaHuX green-
MPOEKTIB, 10 JIEMOHCTPYIOTH B3a€MO3B’ 30K MK IHCTPYMEHTaMHU CTUMYJIIOBaHHS,
BHUTpaTaMu Ta cTpokaMu okymHocTi (Taom. 2.3.1).

Tabmuus 2.3.1. Pozpaxynok EXTRA-CAPEX

|HapaMeTp ||KI/I'1'B ||BapmaBa |
[Extra CAPEX  |/€1 500 000]/€1 950 000)
[Cpant 0% |[25% |
INet extra CAPEX]|€1 500 000][€1 462 500)

[NopiBHSHHS MiITBEpIXKY€E, IO TPAaHTOBI MIATPUMKH Yy Bapiumasi wmaiixke
KOMIIEHCYIOTh BHIIy Oa3zoBy BapTricth green-CAPEX, naGmmxkatounm Net extra
CAPEX no piBus Kuesa.
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Piuna ekoHOMIS y BUTpaTax Ha €HEPTii0 IPH BIPOBADKCHHI CHEProeeKTUBHUX
3axoziB Ha ocHOBi baseline OPEX Tta owikyBaHWI MPOLIEHT €KOHOMII HaBEACHO Y
Tabm. 2.3.2.

Tabmurs 2.3.2. Po3paxynok exoHomii OPEX

| ||KI/I'1'B ||Bapn1aBa|
|Annual savings||€105 000][€120 000|

[Toka3HWKH PIYHOT €KOHOMII € KIIFOUOBHUM KOMIIOHEHTOM Y (HhOpMYyIIi IPOCTOTO
CTPOKY OKYIHOCTI.

VY3aranpHeHO OOYHMCIIEHI MpOCTi CTPOKK okymHocTi anmsi Kuea # Baprmasu B
0a30BOMY cIleHapii Ta 3a yMOB IiJIbroBOro KpeautyBaHus (Tabm. 2.3.3).

Tabmuis 2.3.3. OKynHICTb TIPOEKTY

| ||KI/I'1'B ||BapmaBa |

|OKyHHiCTI>||14.2 p01<i13||12.1 pokiB (8—10 3 minbroBuM er}lI/ITOM)|

OxynHicth y Kuei (>14 pokiB) poOUTh MPOEKT 1HBECTHLIHHO HENPUHHATHAM
JUTS TPAIUIIHHUX AeBeronepiB; y Bapmrasi — migBuimeHa npuBaOIUBICTh 3aBISKH
MiJIbraM.

Exonomiuna pi3HHIS  QOpPMYyeThCS HE TEXHOJOTISIMH, a TIOJITHKOIO
cTUMYrOBaHHS [5], [6].

2.4. IlopiBHsIHHA e(peKTUBHOCTI: 0icHA VS. JKUTI0BA OYyAiBJIsI

[lopiBHsHHSA nBOX THMIB MpOeKTiB (odic 25 000 m?, xwurmouit 15 000 m?)
JIEMOHCTPYE, SIK THUI 00’ €KTa BIUIMBA€E Ha CTPOK OKYIMHOCTI Ta moka3Huku NPV/IRR
(Tabm. 2.4.1).

Tabmuus 2.4.1. Pozpaxynok ekoHomii OPEX

|HOKa3HHK ||Bapu1aBa ||K1/1'1'B |
l0dic 25000 > |[7.3 poxy |[10.5 poxy |
|)KHTJ10BH171 15000 M2||4.6 POKY ||7.8 POKY |

I

INPV |[+€2.8 mumn|[-€0.41 mn
IRR [10.2%  ]9.1%

JKUTnoBi MpOEKTH 3a3BHYail MalOTh KOPOTLIMK CTPOK OKYMHOCTI Yepe3 HIKYi
CAPEX Ha M? i cTaOUTBHININIA TIOIUT, 1110 BUHO 3 PO3PaXyHKIB.

BucnoBku 10 po3ainy 2

«3enenuity mnpoekt y €C crae (IHAHCOBO BHUTIIHUM 3aBISKA CHCTEMI
E€KOHOMIYHHMX cTUMYIiB. B YkpaiHi 3a BifCyTHOCTI MeXaHi3MiB HiATPUMKHU green-
CTaHIApPTH 3aJMINAIOTECS MAPKETHHTOBUM IHCTPYMEHTOM, a He JpaliBepoM
CHUCTEMHHMX 3MiH, HATOMICTh, MpOrpamMa MiIbI EKOHOMIYHOTO OJIOKY CHpHSE
301IBLICHHIO TIPOEKTIB HA OCHOBI «3€JICHUX» TEXHOJIOTIH.
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3. Ipono3unii moao ¢gopmyBaHHs e(eKTHBHOI CHCTEeMH CTHMYJIB 1A
3eJieHOro OyaiBHMUTBA B YKpaiHi

3.1. Konuenuisgs HANiOHAJBHOI CHCTEMH CTHMYJIOBAHHS «3€JIEHOI0»
OyaiBHHMUTBA B YKpaiHi

Ha ocHOBi pe3ynbTaTiB MOPIBHSJIBHOTO aHamizy (po3ail 2) BCTaHOBICHO, WIO
KTIOYOBUM  (DaKTOPOM  YCIIIIHOTO PO3BHUTKY <«3EJCHOro» OyAiBHMLITBA € HE
TEXHOJIOTIYHUN PpiBeHb Taly3l YW HasBHICTH (haxiBimiB, a (piHAHCOBI Ta MOAATKOBI
CTUMYJIH, SIKi CTBOPIOIOTH E€KOHOMIUHY TIiepeBary eHeproe(peKTWBHHX pillleHb Haj
TpaguidauMu. Y kpaiHax €Bpomeiicbkoro Coro3y Taki CTHMyNIH 3a0e3MeuyroTh
CKOpPOYEHHS MePi0y OKYITHOCTI iIHBECTHIIIH Ta 3HIKEHHS PU3HKIB MTPOEKTHOI ISUTHHOCTI,
IO MiITBEP/KYETHCS Pe3yJIbTaTaMu MoJieitoBanHs Jyisi Kuepa Ta Bapinasu.

B Vkpaini BigcyTHS WiTiCHA CHCTEMa EKOHOMIYHOTO CTHMYIIIOBAHHS, TOMY
BIPOBA/DKEHHS ~ CKOTCXHOJIOTIA  3aIMINA€Thcs  (DIHAHCOBO — HEBWTIAHUM  Ta
BUKOPHCTOBYETHCS TIEPEBAXKHO K MAPKETHHTOBHH iHCTpYMEHT. OTKe, PO3BUTOK Talty3i
MOTPeOy€E CTPYKTYPHHUX PeOPM Ta BIIPOBAIKEHHS KOMIDICKCHOI CUCTEMH ITi ITPUMKH.

3.2. CopouieHHs 103BiIbHUX NPOLEAYP

[Ipomory€eThCs 3ampOBaPKEHHS] KOMOIHOBAHOI MOJEINi JEpyKaBHOI IMiATPHUMKH
3eNIeHOr0 OYIIBHUIITBA, IO BKIIOYA€ IMONATKOBI, (PiHAHCOBI Ta perymsTOpHi
iHcTpymenTu. llpouenaypHi CTUMyJIH € BaKJIMBHM €JIEMEHTOM  YCHIIIHO{
€BPONEHCHKOI TPAKTUKHU. 3ampOBA/LKEHHS MPUCKOPEHOI CHUCTEMH JIO3BOJIUTH
ICTOTHO CKOPOTHUTH PU3UKH Ta IHBECTHUIITHMIA 1TMKI. OCHOBHI €JIEMEHTH:

e  CKOPOYEHHS CTPOKIB IOTO/KEHHS MPOEKTHOT TokyMeHTatlii Ha 30—40%;

e  CTBOpPEHHS €IMHOTO IH(POBOTO BiKHA JUIS €KOJIOTTYHUX MPOEKTIB;

e  [IOMEpeHs EKOJIOTiYHa eKCIepTr3a 3aMicTh 0araTopiBHEBHUX 103BOIIB;

e  3aCTOCYBaHHS aBTOMAaTHYHOTO MPIOPUTETY MPH HASBHOCTI MiITBEPIKEHUX
€KOJIOTTYHUX KPUTEPIiB.

3.3. IlonaTkoBi cTUMYJIN

JJist OLIHKY BIUTMBY CTHMYJIiB Ha €KOHOMIKY green-mpoeKTiB OyJIo peaii3oBaHo
YMOBHY €KOHOMiuHY Mojelnb. [Ipencrasieno nmopiBHsHHA (Taom. 3.3.1) kiIo4oBUX
IHBECTHIIIMHUX Ta eKCIUTyaTallifHUX TmapaMeTpiB OyZiBii B cIeHapisx Oe3
CTUMYJIIB Ta 31 CTUMYJIaMH, IO JTO3BOJISE OIIHUTH peajbHI IepeBaru IiITPUMKH
cTayIoro Oy IiBHHUIITBA.

Tabmuus 3.3.1. [logaTkoBi CTUMYIIH, TOPIBHSAHHS TOTOYHOTO CTaHY Ta IMPOIO3HIIIH

IToTounuii . OuikyBaHUH
[HCTpyM™MEHT IIpono3utis
CTaH pe3yJsbTar
9% nmns o0’extiB  13||CKOpOYEHHS CTPOKY
goﬁaﬁ)el;cga npuyTOK 18% ceprudikanieto BREEAM|lokynHocti Ha 2-3
AP Very Good / LEED Gold  ||poku
[1JIB nHa 06naﬂHaH§ﬂ s 20% 3BibHEHHS 260 cTaBKka 7% 3MeHI_HOeHH$I CAPEX
€HEeProeEeKTUBHOCTI Ha 6—8%
Crumyn
3eMenbHUl 0aTOK 1-3% HI'O||0,3% na neprui 10 pokiB  ||BUKOpUCTAHHS
brownfield
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3amporoHoBaHi 3MiHn B momatkoBux iHcTpymeHTax (CIT, I1JAB, 3emensHuit
MOJIaTOK) 1 OuikyBaHi e()eKTH HA OKYIHICTh MalOTh O€3MOCepeHili BIUIMB Ha
3meHIeHHst Net extra CAPEX, mo ninBuiye npuBabianBicTh green-mpoeKTiB.

3.4. ®inaHCOBI IHCTPYyMeHTH

Tabnuus miacymMoBye Mpomo3umii Imono green-¢GiHaHCYBaHHS, TPAHTIB 1
aMOPTH3AIlil Ta iX O4iKyBaHUH €(eKT.

Tabnuis 3.4.1. diHaHCOBI CTUMYITH

[HoTounmii .
IHCcTpyM™MeEHT [pono3wumis Edexr
CTaH
«Green Financing Fund»:||3umxenns WACC rTa
KpenutyBanus 18-22% N & :
5-T% CKOPOUYCHHS OKYITHOCTI
. |[[TizBuIeHHAS
. . . 10-15% KOMIIEHCcaLs||. JIBHIICHIE |
JlepxaBHi TpaHTH ||BiACYTHI . IHBECTHLIIHOT
IHKEHEPHUX CHCTEM .
MPUBAOINBOCTI
ITpuckopena HeMae 5 pokiB mna rtermoBux||[IpuckopeHHs] MOBEpPHEHHS
aMOpTH3aLis HACOCIB, pexymnepaiii, PV ||BkiageHs

JlemeBii KpeauTy i TpaHTH HAaHCWIIBHIIIE BIUTMBAIOTh Ha 3HWKeHHS WACC Ta
CTPOKY OKYITHOCTI.

3.5. YpOanicTu4uHi cTuMyJIH

Tabnmuns nepeniuye MicTOOYIiBHI MexaHi3MH (Koe]imieHT 3a0yJ0BH, HIBHIIKI
JIO3BLIBHI MTPOILIEAYPH, 3€MEJIbHI TTpedepeHirii).

Tabmuus 3.5.1. YpOanicTruHi CTUMYJTH, MEXaHI3MH Ta OYiKyBaHi eeKTH

|IHCprMeHT ||CYTB ||OquyBaHI/II71 edekT

+15-20% 1o koedimienral|bonycHa  twroma  3a||PeanbHuii (iHAHCOBHIT MOTHB
3a0y10BH 3eJIeHICTh JUIs IeBesionepa

[pioputeTHe HOTOPKSHHSI CkopoueHHS CTPOKIB

Ipuckopenns Ha 30-50%

TO3BUILHUX JTOKYMEHTIB peaiizanii
[linerose BuaineHss||{ns  microyTBoprotounx||[IpuBaTHi iHBECTHIIIT B
3eMEeIbHUX JiISTHOK MIPOEKTIB iHOPACTPYKTYPY

VYp6anictuuHi O0HYCH (J0JATKOBA IUIOIA) MAIOTh HeTaiiHWH QiHAHCOBUIT eeKT
JUIs IEBEJIOTEpPa, 1110 YacTO KPUTUYHO U1 IPUMHATTS PilLICHHS.

3.6. OuikyBaHHI1 MAKPOEKOHOMIYHHIA edeKT

e 1 +2-3 mupn 1071 IHBECTULIH HIOPOKY

o | —30-45% eneprocnoxuBaHHs OyIiBesb

e | —12% Bukunis CO: y cekropi OyniBaunTBa 32 10 pokiB

e 1 +10-18% 3pocTaHHS PUHKOBOI BapTOCTI HEPYXOMOCTI

e 1 IlimBuIIeHHS KOHKYPEHTOCIPOMOXKHOCTI YKpaiHCBKUX MicT 1o piBHS €C.
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3.7. ExoHOMiYHa MO/ieJIb BIUINBY JeP:KaBHUX CTUMYJIiB

Tabmuus nokazye ouikyBany 3miHy CAPEX/OPEX, crpoky okymHocTi Ta IRR
MIpU BBE/ICHHI MakeTa CTUMYJIiB.

Tabmuus 3.7.1. IlopiBHAHHS pe3ynbTaTiB CTUMYJIIOBaHb

|HapaMeTp ||Be3 CTI/IMleiB||3i CTI/IMyJ'IaMI/I|
[CAPEX [100% [92% |
|OPEX 1100% 170% |
ICTpOK OKyHHOCTi||13 POKiB “879 POKiB |
IRR l6-7% [11-13% |

[linTBepKye, MO MaKeT CTUMYIIB MOXE CYTTEBO IMOKDPAIIUTH EKOHOMIYHI
MOKa3HUKH IPOEKTY.

3.8. HamionanbHa cuctema ceprudikaunii (USCS)

[Ipononyetnbest  cTtBoput Ukrainian Sustainable Construction Standard
(USCS) — exsiBament LEED/BREEAM, 3acnoBanuii Ha Bumorax EPBD, ESG,
LCA. KitoyoBa BiMIHHICTH — OTpHMaHi 0aiy aBTOMAaTUYHO KOHBEPTYHOTHCS Y
nojaTkoBi abo (inancoBi mineru. [lepesaru:

e 3MEHIIICHHS 3aJIeKHOCTI BiJf MAPKETHHTOBOI cepTrudikarii,

e  TIPO30PIiCTh KPUTEPIiB,

e MPOTHO30BAHICTH PIllICHb JJISl IHBECTOPIB.

BucnoBku a0 po3ainy 3

Hagith 0a3oBe MojenrOBaHHsS MiATBEPKYE, IO JIEP)KaBHI CTUMYJIH 3JaTHI
3MEHIIUTH CTPOK OKYIMHOCTI TIPOEKTY Maibke BIBiUI Ta MINBHIIUTH HOTO
IHBECTHIIIIfHY TPWUBAOIMBICTE JO pIBHA €BPOINEHCHKUX PHUHKIB, J1€ TOJiOHI
THCTPYMEHTH BKE€ aKTHBHO 3aCTOCOBYIOTHCSI.

4. PexoMenaanii Ta mnpomo3uuii mogo pedopMyBaHHSI NOJITHKH
CTHUMYJIIOBAHHS «3eJIeHOro» OyaiBHMUTBA B YKpaiHi

4.1. @opmyBaHHS HOPMATHMBHO-NIPABOBOI 0a3M CTHMYJIOBaHHS
3eJIeHOro OyaiBHMITBA

Ha ocHOBI NOPIBHSIILHOTO aHai3y MpakTHK Kpain €C g0BelIeHO, 0 PO3BUTOK
«3eJIeHOT0» OYAIBHUITBA MOXJIMBHH JIMIIE 32 HAsSBHOCTI CHCTEMH 3aKOHOAABYO
3aKpIIUIEHUX EKOHOMIYHMX CTUMYJiB, $Ki 3MEHUIYIOTh (iHAHCOBI PH3UKH
JIeBEJIOTEPIB Ta CKOPOUYIOTh CTPOK OKYyIHOCTI iHBectuii [10], [17]. B Ykpaini x
Hapasi BiICYTHI SIK IOAATKOBI MUJIbTH, TaK 1 MEXaHi3MHU NPIOPUTETHOTO AOCTYILY J10
3eMeJIbHUX AUISTHOK, MiJIbrOBOTO KPEAUTYBaHHs Ta TPaHTOBUX Hporpam [16].

3 meroro (opMyBaHHS YMOB PIBHOT KOHKYPEHIT MiX TpaJUIIHHUMU Ta
€KOJIOTTYHUMH TEXHOJIOTISIMH MTPOTIOHYETHCS:

e BHecTH 3MiHHM A0 [lomaTkoBOro kojpexcy YKpaiHH IIOJO 3alpOBaKEHHS
ITOAATKOBUX 3HIDKOK TUTS cepTudiKOBaHUX TIPOEKTIB;
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e  BHU3HAYHUTH P KaBHUHN MOPAIOK cepTrudikarii green-o0’€KTiB;
e  3alPOBaTUTH MPHUCKOPECHY aMOPTHU3aIlil0 eHEProe()eKTUBHOTO 00IaTHAHHS
Ta IHKCHEPHUX CHCTEM.
Taki MexaHI3MH MIHPOKO BUKOPUCTOBYIOTHCSA B €C Ta noBenM €(peKTHBHICTD Y
i BUIICHHI eKOHOMIYHOT JKATTE3AATHOCTI green-mpoekTiB [8], [22].

4.2. ®inaHCcOBI IHCTPYyMEHTH MiATPUMKH iHBeCTOPIB Ta JeBeonepiB

CTBOpeHHSI HaIllOHATBHOI cHUcTeMH (DiHAHCOBOI MATPUMKH (Tabn. 4.2.1)
JI03BOJIUTH CKOPOTUTH CTPOK OKYITHOCTI iHBeCcTUILiH 3 12—15 pokiB 10 6—9 pokiB, 1m0
BiJIMOBiTae eBpormeiickkoMy noceiny [9], [10].

Tabmuug 4.2.1. [lopiBHSHHS iIHCTPYMEHTIB (hiHAHCOBOT MiATPUMKH

[HCTDYMEHT [HoTounmii Momosmis OudikyBaHMiA
Py CTaH P ! pe3ynbpTaT
9% JutA IPOEKTIB 3 CKOpOUEHHSI CTPOK
[Togarok Ha mpuUOYTOK 18% cepTudikauiero oK rI[)HOCTi a pz_g
MATIPHEMCTB ’ BREEAM/LEED (>Very 011/1
Good/Gold) P
I1/IB Ha
eHeprocpeKTHBHE 20% 3BiIbHEHHS a00 cTaBka 7% iﬁ%H_Ig;HHﬂ CAPEX
o0agHaHHA °
N 20 o . . CTEMYJI  TIepepoOKH
3emenbHuil nogatoxk  |[1-3% 0,3% na nepui 10 pokiB brownficld
_79 ;
Kpeurysanns 18-22% 5-7%  dyepez  panstwowe SHIDKEHHS WACC Ta
cyOcuayBaHHs pU3HKIB
. 10-15% xommeHcarii green- THABHIMCHIG |
JlepxaBHi TpaHTH HEMae CAPEX IHBECTHIIIITHOT
MPUBaOINBOCTI

4.3. CripouieHHsI aAMiHiCTPATHBHUX NpoUexypP

3anpoBamkenns fast-track 103BONMTH CKOPOTHTH TPUBANICTh pealizarii
poekTiB Ha 30-50%, 1o B €BpoIli BBAXKAETHCA OHUM 13 KJIIFOUYOBUX 1HCTPYMEHTIB
CTUMYITIOBaHHS [24].
[IpononyeTncs:
o wMexaHizM «Green Fast Track» njis ekoloriyHux 00’ €KTiB,;
e enuHe IU(POBE BIKHO MOTOIKECHHS;
e  CKOJIOTIYHE OLIIHIOBAHHS MPOEKTY 3aMiCTh MHOXHHHUX TPOILIEAYD.

4.4. InTerpauisi HaioOHAJIBbHOI Ta MIZKHAPOIHOI cucTeM cepTUdikauii

Jiist mpo30pocTi Ta IHBECTUIIHOT IPUBAOIUBOCTI MPONIOHYETHCSI CTBOPUTH:
e Ukrainian Sustainable Construction Standard (USCS) — ykpaiHchKuit
anamor LEED/BREEAM,;
e  MEXaHi3M aBTOMAaTUYHOI'O HaJlaHHA CTUMYJIB 3a orpumani 6anun ESG/LCA.
Le mo3BONHTE IHTErPYBATH YKPATHCHKH PUHOK Y 3aralIbHOEBPOTIEHCHKUI [2].

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



4.5. ConianbHO-eKOJOTiYHMI e)eKT i JOBrOCTPOKOBI pe3yJIbTaTH

OuikyBaHHI pe3yNbTaT BOPOBAKEHHsI MaKeTHUX cTUMYJiB (Tab. 4.5.1):

Tabmums 4.5.1. OdikyBaHi MOKa3HUKH MiCIS BIPOBAHKEHHS CTUMYJIIB

|HOKa3ﬂm< “CTaH ||H0Teﬂuiy”umﬁ pe3yJ11>TaT|
|Cepe;[Hi171 CTPOK OKYIHOCTI || 12-15 pokiB ||678 POKIB |
IHI/ITOMi Bukngu CO: “6330131/1171 piBeHL||—25—40% |
IIIaCTKa green-building Ha pI/IHKy“<2% ||10715% 3a 5 pokiB |
|EKOHOMi$I eHepropecypcis ||He3HaqHa ||z[0 30-40% |
|IHBecmui171Ha IpUBaOIUBICTh ||HI/ISBKa ||cyTTeBe 3pOCTaHHA |

4.6. lopoxkHsl KapTa BIPOBAJ:KeHHS pedopMu

®dopmyBaHHs €(PEKTHUBHOI CHCTEMH CTUMYJIIOBAHHS 3€JICHOTO OYIiBHHUIITBA
HEMOXKJTUBE 0€3 MOETAIHOr0 Ta BHUMIipIOBAHOTO MEXaHi3My BIPOBAKCHHS, SIKUI
MICTUTh YiTKi LiJIi, BiIMOBITATPHAX YYaCHUKIB MPOIIECY Ta OYiKyBaHi Pe3yIbTaTH.
st 3a0e3neueH sl MPOrHO30BaHOCTI iIHBECTUIIIIHOTO CepeloBHIIA Ta MOKIMBOCTI
MacIITa0yBaHHS HEOOXiTHO BH3HAYUTH TMOCIIJAOBHICTh KJIIOUYOBUX KPOKIB
BIIPOBA/KCHHS (iHAHCOBUX, TIOJATKOBHX Ta PETYIATOPHUX 1HCTPYMEHTIB
MiITPUMKH.

3anponoHoBaHa JOPOXKHS KapTa MJO3BOJISIE Y3TOJUTH 1HTEPECH JAEpiKaBH,
MYHIIHMITATITETiB, JeBeNonepiB Ta (DiHAHCOBUX IHCTHUTYIIHM, a Takox 3abe3reuye
MOHITOPHHT Pe3yJbTATHBHOCTI Ha KOXXHOMY e€Tami peamizalii moiitukd. BoHa
OXOILTIOE YOTUPH OCHOBHI (pa3u — MIiArOTOBYY, MIJIOTHY, 3aKOHOAaBUYy Ta (hasy
MOBHOI IMITJIEMEHTAIIil, 0 BIAMOBIZa€ MDKHAPOJIHIN TNPAKTUIN TEPEXOAY BiJ
JIOKAJIBHUX TECTOBUX MPOEKTIB JI0 HALlIOHATFHHUX MIPOrpaM CTHMYITIOBAHHS.

Jiist y3aranbHEHHS 3alpOIIOHOBAHOTO TIIXO/AY MOJaHO CTPYKTYPOBAaHWH IUIaH
3aX0/1iB, [0 BKJIFOYAE TIEPETiK KJIFOYOBHUX JIii, BIIMOBIIaIbHUX CTOPIH Ta OPIEHTOBHI
cTpoku BukoHaHHs (Tabm. 4.6.1).

Tabmuis 4.6.1. JIopoxHS KapTa: €Taru, BiANOBIAalbHI, CTPOKH

|ETa11 ||I[i'1' ||Binn03iz[anbﬂi ||TepMiH |
|Hi}1FOTOB‘H/Iﬁ ||po3po61<a MIaKeTy CTUMYJIiB ||Mineri0H, Miudin ||202572026|
|HiJ10THi MIPOEKTH ||3—5 TIPOEKTIB B MiCTax ||,H€B€J'IOHCpI/I, OaHKn ||2026—2027|
|MacmTa6yBaHH;1 ||3aK0Hoaane 3aKPITUICHHS ||Bepx013Ha Pana ||202772028|
|HOBHa iMHJ‘IeMeHTaHiﬂHHaH. MOHITOPUHT 1 KOpCKHiSIHypH,H, MyHiL[I/IHaJ'IiTeTI/I||2028—2030|

Peamizamiss  3a3HayeHoi  AOPOXKHBOI ~ KapTH  JO3BOJUTH  copmyBaTu
MPOTHO30BAaHWK 1HHOBAIlIMHUN PHHOK, 3MEHIIWTH IHBECTUIIIHI PU3UKU Ta
3a0e3MeYnT MacIiTadyBaHHs green-OyIIBHUITBA HA HAIlIOHAJLHOMY PIiBHI, IO €
KPUTHYHO HEOOXiTHUM JJIs MICISIBOEHHOI pEKOHCTPYKUIi Ta iHTerpauii Ykpainu 110
€BPOMNEHCHKOI €KOJIOTIYHOT MO THKH.
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BucnoBku g0 po3ainy 4

3anponoHoBaHi IHCTPYMEHTH (POPMYIOTh MOJIENb, Y SIKifi €KOJOTidHI T€XHOJOTil
MepecTaoTh OyTH MOJATKOBUMH BHUTpaTaMH 1 CTalOTh (DIHAHCOBOIO IEpPEBarolo.
MikHapOIHUH JOCBiJ] MIATBEP/DKYE, IO PO3BUTOK 3CJICHOrO OyJiBHHIITBA
3a0e3reyuye NoeTHaHHs. HOPMATUBHUX CTHMYJIB Ta €KOHOMIYHOI JOLiNBHOCTI. Tomy
MePIIIOYEPTrOBUM 3aBIaHHSIM JCPIKABHOI IONITHKH € CTBOPEHHS YMOB, 3a SIKHX green-
MIPOEKTH B YKpPaiHi CTAIOTh KOHKYPEHTOCIPOMOXKHUMH TIOPIBHSHO 3 TPAIHIIIHHIMH.

BucHoBku

Po3BuToK «3eneHoro» OymiBHHLTBA € KJIIOUOBHM €JIEMEHTOM EKOHOMIYHOTO
BiJTHOBIIEHHS Ta JOBTOCTPOKOBOI CTpaTerii crajgoro po3BUTKy Ykpaiau. Ha BimMiny
Bi KpaiH €Bpomeiicbkoro Coio3y Ta MPOBIIHUX CBITOBUX pHUHKIB, ¢
ceprudikamiiiai  cuctemu LEED, BREEAM Tta HamioHanbHi CTaHZapTH
CYIIPOBODKYIOTHCSI KOMIUIEKCHUMH (DiHAHCOBUMHU Ta PEryJIATOPHUMHU CTUMYJIaMH, B
Ykpaini 1oci BiICYyTHIN IUTICHUI MeXaHi3M Jep>KaBHOI miaTpuMKH. Lle mpu3BoanTh
710 HU3bKOI 1IHBECTHUIIHOT aKTUBHOCTI, MIOI0BKEHOTO CTPOKY OKYITHOCTI Ta c1adKoi
KOHKYPEHTOCTIPOMOXKHOCTI «3€JIEHUX» MPOEKTIB MOPIBHAHO 3 TPAAHMIIHHAMU, IO
MPSIMO BIUIMBAE HA CTAaH JTOBKULIAL.

JlocBi €BpONEHCHKUX MICT JOBOAWTH, IO YCHIIIHUHA pPO3BUTOK CTaJlOTO
OynmiBHUITBA 3a0e3MevyeThCs TOEAHAHHAM TOJATKOBUX IIUIBI, 3HIKEHUX
KPEIUTHHUX CTAaBOK, PAHTOBHX MPOrpaM, MyHIIWIAIBHUX CTUMYJIIB Ta CIPOLICHUX
JIO3BUTBHUX MPoLeAypP. EKOHOMIYHI MOJIeIi IEMOHCTPYIOTh, 1[0 32 HAsIBHOCTI TAKUX
THCTPYMEHTIB CTPOK OKYITHOCTI green-mpoeKTiB cKOpouyeThes 10 6—10 pokiB, mpu
LBOMY JOCSTa€ThCS CYTTEBE 3HIKEHHS eKCIUlyaTaliiiHux BuTpar, Bukugis CO: ta
iHIMX 3a0pYyTHUKIB y HABKOJIHMIITHE CEPEIOBHIIIE.

B VYkpaini ocHoBHUMH 0ap’€paMu PO3BUTKY €: BiICYTHICTh (DiHAHCOBUX CTUMYJIIB
Ta CrelialIbHUX MMOJIATKOBHX PEXKUMIB; PO3PI3ZHEHICTh HOPMATHBHOI 0a3M; CKIIaIHICTh
JO3BUTPHUX TPOIENYp; OOMEKEeHI MOMXJIIMBOCTI (PiHAHCYBaHHS;, HEJOCTATHS
MoiH(pOPMOBaHICTh 1HBECTOPIB IIOJI0 €KOHOMIYHUX TepeBar 3eJeHUX TEXHOJOTIH.
Juis T mo1oiaHHs He0OXiTHE BIPOBAKEHHS KOMILICKCHOT JIePKaBHOT HOJIITHKH, 1110
MOEIHY€E EKOHOMIUHI, PETYJIATOPHI Ta OpraHi3alliiiHi iHCTpyMEeHTH.

3anponoHoBaHa JOPOXKHS KapTa iMIJIeMEeHTaLii nepeadadae noeTanHui nepexis
JI0O CHUCTEMHM CTHUMYJIIOBAaHHS green-OyAiBHUIITBA: MMIATOTOBYMI eTam 1 MiJOTHI
NPOEKTH — 3aKOHOAABYE 3aKpilUICHHS — HaliOHaTbHE MaciuTaOyBaHHS Ta
MOHITOPHHI pe3yibTaTiB. Peamizamisi Takoi Moneni macte 3Mory chopmyBaTH
MPOTHO30BaHWI 1HBECTUIIIMHUEI KiiMar, 30UIBIIUTA YacTKy cepTH(HIKOBAHUX
npoekTiB 10 10—15% y HalOmmxk4i m’sATh POKIB, CKOPOTHTH €HEPrOCIIOKUBAHHS
OyxiBenb Ta IHTErpyBaTH YKpaiHCBKUH CEKTOp NEBEJIONMEHTY B €BPOIEHCHKHI
MIPOCTIp CTAJIOTO PO3BUTKY.

«3enene» OyAIBHHUITBO Ma€ PO3IIISIIATUCS HE SK JOAATKOBI BHUTPATH, a SK
iHBECTULSl y eHeproeeKTHBHICTb, EKOHOMIYHY CTIHKICTh 1 Oe3leuyHe Micbke
cepenoBuile. BOHO 3maTHe crTaTM pylIieM MoOJEpHi3alii Ta iHCTPYMEHTOM
MOBOEHHOTO BIJIHOBIICHHSI KpaiHM. YKpaiHa Ma€ MOXJIHMBICTh BHKOPUCTATH
YHIKaJIbHU{ IIAaHC — BiAOYZOBYBAaTH MicTa 3a MPUHLMIIAMHU CTAJOCTi, IHTErPyIOUYH
HalKpali M>KHapOIHI PaKTHUKH.

Yac mepexoauTH Bin AeKIapamiit go aiid. [aBectuilii y «3eneHe» OyIiBHUITBO —
11 IHBECTHIIII B EKOHOMIYHE Ta €KOJIOT19HEe MaOyTHE YKpaiHu.
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MASTERS IN ENVIRONMENTAL SCIENCE: EDUCATIONAL
TRAINING IN UKRAINE AND SLOVAKIA

Abstract. Purpose of the Study: To conduct a comparative analysis of master-level
environmental education training between Ukraine and Slovakia, with a specific
focus on the curricula of Petro Mohyla Black Sea National University and the
University of Presov.

Design / Method / Approach: the study is based on a comparative analysis of the
master's programs in ecology at both universities. It employs a method of
Juxtaposing key educational program parameters, such as study duration, credit
system, number of disciplines, teaching methods, and approaches to final knowledge
assessment, alongside a detailed review of course specifics. The analysis also
includes a comparison of general trends in higher education in Ukraine and
Slovakia, including demographic changes and the impact of external factors.
Research Results: both universities share a fundamental understanding of
ecological principles and environmental science. However, significant differences
were identified: the University of Presov offers more specialized courses
(e.g., limnoecology, soil ecology, insect ecology, beekeeping) and emphasizes the
acquisition of specific technical skills (GIS, analytical chemistry, statistics) and
English language proficiency. Petro Mohyla Black Sea National University,
conversely, focuses more on applied ecology and environmental management,
policy, and modeling. Differences are also observed in study duration (1 year
4 months at PMBSNU versus 2 years at the University of Presov) and the number
of educational credits.

Theoretical Significance of the Study: This research deepens the understanding of
diverse approaches to environmentalist training at the master's level within a
European context. It provides valuable theoretical foundations for future
comparative studies of educational systems, demonstrating how various national
and institutional priorities shape specialized educational programs.

Practical Significance of the Study: the research findings can be utilized by
Ukrainian and Slovak universities to harmonize and enhance their master's
programs in ecology, adapting them to labor market demands and international
standards. The information is also beneficial for students considering international
studies, as well as for educational policy makers aiming to optimize national higher
education systems.

Originality / Value / Scientific Novelty of the Study: the originality of this research
lies in conducting a unique comparative analysis of master's programs in ecology
between specific universities in Ukraine and Slovakia, a topic rarely explored in
scientific literature. Its value stems from shedding light on specific curricula,
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allowing for a detailed understanding of their strengths and potential gaps. The
scientific novelty lies in presenting current data and conclusions regarding the
adaptation of educational programs within the context of Ukraine's European
integration and the impact of demographic changes.
Prospects for Further Research / Limitations of the Study: a limitation of this study
is its focus on only two universities and a specific degree level (Master's), which
prevents generalization of findings to all higher environmental education in Ukraine
and Slovakia. Prospects for further research include expanding the analysis to a
larger number of universities, other specializations, and comparing teaching quality
and graduate employment rates. A more detailed examination of the impact of the
current military situation on the educational process would also be pertinent.
Keywords: Master's programmes; Environmental education; Higher education,
Bologna Process; Curricula; Comparative analysis.
https://doi.org/10.32347/2411-4049.2026.1.95-109

Introduction

Over two decades have passed since Ukraine embarked on its higher education
reform, adopting a clear direction towards European integration. Recent years have
seen specific, concerted efforts to align with the Bologna Process, aiming to
establish a unified European educational space. A key contemporary feature in
higher education development is the integration of national systems for training
specialists across various fields. This is achieved by addressing common
challenges and implementing a harmonized educational policy at both regional and
international levels. Such integration processes introduce European educational
norms and standards, while also fostering the exchange of scientific and cultural
achievements. Ultimately, these steps are designed to bolster Ukraine's European
identity.

The pursuit of European integration within Ukraine's higher education system is
not merely a political declaration; it represents a fundamental shift in pedagogical
paradigms, quality assurance mechanisms, and academic mobility. This strategic
direction aims to ensure that Ukrainian degrees are recognized and valued across
Europe, opening new opportunities for both students and faculty. Implementing the
principles of the Bologna Process, such as the three-cycle degree system (Bachelor,
Master, PhD), the European Credit Transfer and Accumulation System (ECTS), and
quality assurance frameworks, has necessitated significant structural and content-
related transformations within Ukrainian universities. These reforms are critical for
enhancing the competitiveness of Ukrainian graduates in the global labor market and
fostering an academic environment that encourages innovation and research
excellence (Luhovyi, 2015; The Law of Ukraine "On Higher Education", 2014;
Vyshnevskyi, 2016).

Furthermore, the integration process extends beyond formal structures, touching
upon the very essence of academic culture. It involves promoting student-centered
learning, encouraging critical thinking, and developing interdisciplinary approaches
to education. Internationalization, a cornerstone of this integration, facilitates
partnerships with European universities, joint research projects, and academic
exchange programs. Such collaborations are vital for sharing best practices,
enhancing curricula with global perspectives, and exposing students and faculty to
diverse educational methodologies. The exchange of knowledge and experience with
countries like Slovakia, which has a well-established European higher education
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system, becomes particularly valuable. These interactions contribute to building a
resilient and adaptable higher education sector in Ukraine, capable of responding to
evolving societal needs and global challenges.

However, this ambitious integration path has not been without its challenges. The
transformation requires substantial financial investment, a continuous update of
legislative frameworks, and a cultural shift within academic communities.
Overcoming resistance to change, ensuring adequate funding, and developing
effective mechanisms for quality assurance remain ongoing tasks. Despite these
hurdles, the commitment to European integration remains strong, driven by the
understanding that a modern, high-quality higher education system is fundamental
for Ukraine's democratic development and its future prosperity. The current
geopolitical landscape, marked by the ongoing conflict, further underscores the
urgency and importance of strengthening Ukraine's ties with the European
educational space, providing both continuity and opportunities for academic growth
amidst adversity. This context makes the comparative study of educational practices,
particularly in specialized fields like environmental science, even more pertinent.
The integration trends in Ukraine's higher education over recent years have been
extensively analyzed in numerous scientific works (Dobko et al., 2014; Holovchuk
et al., 2007; Rashkevych, 2014; Bulgakova and Rahmanov, 2011; Mitryasova, 2020,
and etc.). Comparative analyses of environmentalist training in FEuropean
universities are explored in publications by Bogolyubov (2014), Kofanova (2012),
Mariychuk (2020), Ridej (2011), Rudyshyn (2008), Petruk (2015), Slivka et al.
(2016), Sichkar (2013), and Zakon & Vasylyshyn (2018). The importance of
environmental competence (Hrechanyk, 2018) and environmental culture (Ryzhkov,
2017) in this training is also widely discussed.

Slovakia, with a population of approximately 5.4 million, has around
20 universities, equating to roughly one university per 270,000 people (Slovak
Accreditation Agency for Higher Education, n.d.). In contrast, Ukraine, with an
initial population of about 41 million before the full-scale war, had approximately
200 universities, or one university per 205,000 people. This indicates that Ukraine,
pre-war, had a slightly higher number of universities per capita than Slovakia.

As of January 2023, the Office of the United Nations High Commissioner for
Refugees reported that about 8 million people had left Ukraine. It's crucial to
acknowledge that this figure is dynamic and subject to constant change (REFUGEES
FROM UKRAINE).

The demographic realities, particularly those exacerbated by geopolitical events,
significantly impact the landscape of higher education in both countries, but most
profoundly in Ukraine. Prior to the full-scale invasion, Ukraine maintained a robust
network of higher education institutions, aiming for broad accessibility to university-
level studies across its vast territory. The ratio of universities to population
highlighted a commitment to providing widespread educational opportunities,
reflecting a post-Soviet legacy of extensive higher education provision. While a
higher number of institutions per capita might initially suggest greater access, it also
raises questions about the concentration of resources, the quality of infrastructure,
and the potential for fragmentation of expertise across a large number of universities.
In peacetime, this expansive network supported regional development and catered to
diverse student populations, including those in smaller towns and rural areas.

However, the ongoing conflict has drastically reshaped Ukraine's demographic
profile, profoundly affecting its higher education system. The exodus of
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approximately 8 million people — a significant portion of the total population — has
led to an unprecedented decrease in the potential student pool, as well as a brain
drain of academics and researchers. This mass displacement not only reduces the
number of domestic students but also creates immense challenges for universities in
maintaining their teaching staff, research capacities, and physical infrastructure,
especially in regions directly affected by hostilities. Many institutions have been
forced to relocate, adapt to online learning, or operate under constant threat. The
dynamic nature of refugee figures underscores the fluidity of the situation and the
continuous adaptation required from the Ukrainian educational sector.

In light of this outflow, Ukraine's current population is estimated at
approximately 33 million. With around 200 universities, this translates to roughly
one university per 165,000 people. In Slovakia, with a population of 5.4 million and
20 universities, the ratio is approximately one university per 270,000 people. This
suggests that, even factoring in population displacement, Ukraine currently has
fewer universities per capita than Slovakia. This shift highlights a critical turning
point for Ukrainian higher education, as institutions face the dual challenge of
adapting to a reduced domestic student body while simultaneously striving to retain
quality and attract international students.

Furthermore, it is vital to remember that university count isn't the sole indicator
of higher education quality. Factors such as teaching quality, scientific research,
international collaborations, and graduate employment are equally significant.
Slovakia, despite having fewer universities, benefits from its established integration
within the European Higher Education Area, which often translates into more
extensive international partnerships, access to European funding, and streamlined
recognition of qualifications. Its smaller, more concentrated university system might
allow for greater resource allocation per institution and a more focused approach to
specialized fields.

The current situation has also prompted a significant number of Ukrainian
students to seek education abroad, with Slovakia becoming an increasingly attractive
destination due to its geographical proximity, cultural similarities, and the
availability of accessible educational programs. This influx of Ukrainian students
into Slovak universities further underscores the interconnectedness of the two
countries' educational landscapes and highlights the role of international student
mobility in mitigating the impact of conflict on educational continuity.
Understanding these complex demographic and systemic interactions is crucial for a
comprehensive comparative analysis of environmental education training, as it
shapes the context in which future specialists are prepared to address pressing global
and regional challenges. Considering the outflow of about 8 million Ukrainians due
to the Russian-Ukrainian war, Ukraine's current population is estimated at
approximately 33 million. With around 200 universities, this translates to roughly
one university per 165,000 people. In Slovakia, with a population of 5.4 million and
20 universities, the ratio is approximately one university per 270,000 people. This
suggests that, even factoring in population displacement, Ukraine currently has
fewer universities per capita than Slovakia. However, it's vital to remember that
university count isn't the sole indicator of higher education quality. Factors such as
teaching quality, scientific research, international collaborations, and graduate
employment are equally significant. Furthermore, a substantial number of Ukrainian
students are now pursuing studies in Slovakia.
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Leading universities in Ukraine include Taras Shevchenko National University
of Kyiv, V. N. Karazin Kharkiv National University, National Technical University
of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" (Kyiv Polytechnic Institute),
and Ivan Franko National University of Lviv. These institutions represent the
pinnacle of academic excellence in Ukraine, encompassing a wide spectrum of
disciplines from fundamental sciences and humanities to cutting-edge engineering
and technological fields. Taras Shevchenko National University of Kyiv, often
considered the flagship university, boasts a rich history dating back to 1834 and is
renowned for its comprehensive educational offerings and strong research output
across numerous faculties. It plays a pivotal role in shaping Ukraine's intellectual
and scientific landscape, contributing significantly to both national and international
discourse. V. N. Karazin Kharkiv National University, established in 1804, is one of
the oldest and largest universities in Eastern Europe. Despite facing immense
challenges due to the ongoing conflict, it remains a vital scientific and educational
hub, particularly strong in natural sciences, physics, and mathematics. Kyiv
Polytechnic Institute, a leading technical university, is instrumental in preparing
highly skilled engineers and IT specialists, driving innovation in crucial sectors of
the economy. Its focus on applied sciences and robust industry partnerships makes
it a key player in Ukraine's technological advancement. Ivan Franko National
University of Lviv, with its deep historical roots dating back to the 17th century, is
a prominent center for humanities, social sciences, and natural sciences in Western
Ukraine, contributing significantly to the region's cultural and academic life. The
resilience of these universities, particularly those in frontline regions, in continuing
their educational and research missions amidst adversity, underscores the profound
commitment to higher education within Ukraine. They are not merely educational
establishments but strategic national assets, crucial for the country's recovery and
future development.

In Slovakia, prominent institutions include Comenius University in Bratislava,
Slovak Technical University in Bratislava, Pavol Josef Safarik University in Kogice,
Technical University in Kosice, and the University of Zilina. Comenius University,
founded in 1919, stands as Slovakia's oldest and largest university, offering a broad
range of academic programs and excelling in various scientific disciplines, including
medicine, law, natural sciences, and humanities. It is a cornerstone of Slovak
academic life, widely recognized for its research capabilities and contribution to
national development. The Slovak Technical University in Bratislava is the country's
largest and most important university of technology, specializing in engineering,
architecture, and computer science. It plays a crucial role in providing highly
qualified technical professionals and fostering innovation, particularly in
collaboration with industry. Moving eastward, Pavol Josef Safarik University in
Kosice is a comprehensive institution with strong faculties in medicine, natural
sciences, law, and arts, serving as a vital academic center for eastern Slovakia. The
Technical University in KoSice complements this by focusing on engineering and
technology, contributing significantly to the industrial and technological landscape
of the region. Finally, the University of Zilina, situated in northern Slovakia, is
renowned for its specialization in transport, communications, and management,
reflecting the strategic importance of logistics and infrastructure development in the
country. These Slovak universities, through their diverse specializations and
established integration within the European Higher Education Area, consistently
contribute to the nation's human capital and innovation capacity, serving as key
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drivers of societal and economic progress. Their stability and high quality make them
attractive partners for international collaboration, including with Ukrainian
institutions, particularly in times of heightened cross-border mobility. Key
differences in higher education between Ukraine and Slovakia encompass several
aspects. For instance, funding is predominantly public in Ukraine, whereas Slovakia
employs a mix of public and private sources. In terms of structure, Ukraine's system
is more centralized, contrasting with Slovakia's more decentralized approach.
International cooperation is generally more extensive in Slovakia. The language of
instruction is Ukrainian in Ukraine and Slovak in Slovakia, though both countries
offer English-language programs. Both nations are active participants in the Bologna
Process. Finally, accessibility to education also varies: Slovakia provides free
education at public universities if studies are conducted in Slovak, while Ukraine has
both state-funded ("budget") and contract-based places (QS World University
Rankings 2025: Top global universities). Before the full-scale war, approximately
1.5 million students were enrolled in Ukraine, a number that has significantly
decreased due to the conflict. Slovakia hosts around 130,000-150,000 students and
is increasingly favored by Ukrainian students seeking a safe and affordable study
destination. This has narrowed the student number gap between the two countries,
though these figures are approximate and subject to change.

In Ukraine, environmentalists are trained at numerous universities, as
environmental majors are quite common. These programs are notably offered at
Taras Shevchenko National University of Kyiv, Ivan Franko National University of
Lviv, V. N. Karazin Kharkiv National University, and other large universities
nationwide. Slovakia also trains environmentalists at several institutions, including
Comenius University in Bratislava and Pavol Josef Safarik University in Kogice.
However, overall, Ukraine boasts a greater number of universities offering
environmental majors than Slovakia, reflecting its larger size and higher number of
higher education institutions.

Purpose of the study: to conduct a comparative analysis of master-level
environmental education training between Ukraine and Slovakia, with a specific
focus on Petro Mohyla Black Sea National University and the University of PreSov.

Object of the study: the educational training for master's-level environmentalists
in Ukraine and Slovakia.

Subject of the study: the concepts and characteristics of the educational programs
in ecology offered by Petro Mohyla Black Sea National University and the
University of Presov.

Petro Mohyla Black Sea National University (PMBSNU) in Mykolaiv, Ukraine,
and the University of PreSov, Slovakia, serve as compelling examples for this
comparative study of master's-level environmental education. Both are
multidisciplinary higher education institutions, yet they present notable differences in
their institutional structure, student populations, and core educational philosophies.
These distinctions are not accidental; they are deeply rooted in their unique historical
trajectories and their evolving priorities within their respective national contexts.

PMBSNU, a relatively young institution, was established in 1996 in Mykolaiv,
a vital port city. Its creation reflected Ukraine's post-independence push to broaden
access to higher education and cultivate intellectual growth in key regional hubs. From
its inception, PMBSNU has been recognized for its robust focus on humanities and
social sciences, quickly becoming a prominent academic center in Southern Ukraine.
Currently, it enrolls approximately 4,000 students. This size often allows for a more
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personalized learning environment compared to the larger, more established
universities. A defining characteristic of PMBSNU's approach is its strong emphasis
on interdisciplinarity. This means fostering connections across various fields of study,
encouraging students to develop a comprehensive understanding of complex issues,
and preparing them for careers that increasingly demand diverse skill sets. This
philosophy is particularly pertinent in areas like environmental science, where
effective solutions often require insights from biology, economics, sociology, and
policy. The university's more recent founding has also afforded it the agility to
integrate modern educational methodologies and adapt quickly to contemporary
challenges, including navigating the complexities of online learning and supporting
displaced students and faculty amidst ongoing conflict. Despite immense pressures,
PMBSNU remains steadfast in its crucial mission, demonstrating remarkable
resilience and an unwavering commitment to academic continuity.

In significant contrast, the University of PreSov boasts a much more venerable
history, tracing its origins back to 1665. This long and rich heritage provides the
university with deep-seated academic traditions and a well-established institutional
framework. As a comprehensive university, it offers an exceptionally broad
spectrum of programs, ranging from theology and humanities to natural sciences and
medical sciences. This extensive academic portfolio caters to a wide array of student
interests and societal demands, reflecting centuries of intellectual evolution. With
approximately 8,000 students, the University of PreSov is larger than PMBSNU, yet
it maintains a strong regional presence and focus. A key priority for the University
of PreSov is regional development, underscoring its profound commitment to serving
the social, economic, and cultural needs of its immediate geographical area. This
often translates into research initiatives and academic programs specifically tailored
to local industries, environmental concerns, and community requirements.
Furthermore, the university places a significant emphasis on international
cooperation. This commitment is a testament to Slovakia's long-standing integration
into broader European academic networks, facilitating student and faculty
exchanges, joint research projects, and alignment with continent-wide educational
standards. This robust international engagement equips students with global
perspectives and opportunities, enhancing their professional readiness in an
increasingly interconnected world.

Theoretical part, materials and methods

To effectively compare the master's-level environmental education programs in
Ukraine and Slovakia, a rigorous theoretical framework and clear methodological
approach are essential. This section delves into the conceptual underpinnings of
environmental education and outlines the methods employed for the comparative
analysis. Understanding the nuances of each programmes requires a systematic
examination of their curriculum structures, learning outcomes, and overall
educational philosophies. By comparing specific elements, we aim to highlight both
shared principles and distinct characteristics that shape the training of future
environmental specialists in these two countries. This detailed comparison forms the
basis for our subsequent findings and discussion (Mitryasova and Mariychuk, 2025).

Comparative analysis of the concepts of educational programmes in ecology
(Master level) at the Petro Mohyla Black Sea National University and the University
of PreSov is in a Table 1.
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Table 1. Comparative analysis of educational programme concepts (Standard of
Master; MAIS)

Common

Petro Mohyla Black Sea

University of Presov, Slovakia

ecological principles and their
application to environmental
issues. It covers theoretical
foundations, research
methodologies, and practical
aspects of  conservation,
management, and assessment,
preparing  graduates  for
diverse  roles in  the
environmental field.

information National University,
Mykolaiv, Ukraine
App name, | The standard load for a student | The standard load for a student is 120
short is 90 credits. The Ecology and | credits. The graduate is an expert in
description | Environmental Protection | ecology, ecosystems, biodiversity
program offers a | protection, nature, landscape, and the care
comprehensive  study  of | of protected areas. He is proficient in

scientific research methods (both basic and
applied). He can creatively apply scientific
knowledge, solve human-nature conflict
situations, and verify various ecological
hypotheses. He has practical experience
gained through internships and student
work experience in state institutions, the
private sector, and non-governmental
organizations. The graduate is able to work
and manage working groups (field and
laboratory), can appropriately identify and
take samples, store them, process the
obtained data, and evaluate and interpret
them correctly. The graduate is employed
in management functions of nature and
landscape protection, in scientific research
institutions, in international cooperation of
protected areas, and at universities.

According to the data in Table 2, the educational programmes in ecology at the
Petro Mohyla Black Sea National University and the University of PreSov have both
similar and different characteristics; both programs offer a master's degree, but the
duration of study at PMBSNU is shorter than at the University of PreSov, which may
indicate a different approach to the organization of the educational process or a
different number of ECTS credits required to obtain a degree.

Table 2. Comparative analysis of educational ecology programmes.

Parameter Petro Mohyla Black Sea National University of PreSov,
University, Mykolaiv, Ukraine Slovakia
Name of the E2 Ecology, "Ecology and Ecological and Environmental
educational program Environmental Protection" Sciences (1610T00)
Term of study 1 year 4 months 2 years
Total number of 11 24
disciplines, (90 credits) (120 credits)
including practices
Number of disciplines 6—8 5-6
per semester
Teaching methods Combined Combined
Final control of Master thesis defense (12) Diploma thesis defense (15)
knowledge State exam (5)
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Both programmes share a fundamental commitment to core ecological principles.
Courses like "Forest Ecology,"” "Landscape Ecology," "Soil Ecology," and
"Biodiversity" in the University of Presov curriculum align with courses such as
"Ecology" and topics found within "System analysis of environmental quality" in the
PMBSNU programme. This indicates a shared emphasis on the foundational
knowledge of ecological systems and processes.

Both curricula integrate environmental science concepts. The University of
Presov includes "Introduction to Environmental Science," "Chemistry of the
Environment," and "Global Problems of the Environment", while PMBSNU offers
courses like "Environmental Management and Audit" and "Technologies of
Environmental Protection." This demonstrates that both programs recognize the
importance of applying ecological knowledge to address environmental challenges.

Both programmes emphasize research skills and thesis preparation. The University
of PreSov has "Diploma Thesis Seminar 1" and "Diploma Thesis Seminar 2", and
PMBSNU includes "Methodology and organization of scientific research in
ecology" and "Pre-diploma practice," culminating in "Diploma thesis defense" in
Presov. This highlights the importance of developing students' research capabilities
for their master's theses.

Both programmes incorporate practical training, though the format varies. The
University of PreSov has "Large ecological practicum" and "Professional practice 2",
while PMBSNU includes "Assistant practice" and "Pre-diploma practice." This
reflects the need for hands-on experience in ecological and environmental studies.

Both programmes include courses that address current environmental concerns.
The University of PreSov offers "Global Environmental "Issues" and "Environmental
Crisis - Reality vs. Media", and PMBSNU includes "Global Environmental Change
and Environmental Management in the EU" and "Strategies of Sustainable
Development." This indicates a focus on preparing students to tackle contemporary
environmental problems.

Results and Discussion

The comparative analysis of master's-level environmental education programmes at
the University of PreSov in Slovakia and Petro Mohyla Black Sea National
University (PMBSNU) in Ukraine reveals both shared foundational principles and
distinct pedagogical approaches. While both institutions are committed to equipping
future ecologists with essential knowledge and skills, their curricula diverge in
specific areas, reflecting differing priorities, historical contexts, and perhaps
responses to national and international demands.

Our detailed comparison highlights several pivotal distinctions in the professional
training of ecologists at the two universities. The curriculum at the University of
PreSov notably offers a higher degree of specialized courses within particular
ecological domains. This is evident in dedicated modules such as "Limnoecology,"
"Soil Ecology," "Lichen Ecology," "Ecology and Biodiversity of Insects,"
"Ecophysiology and Stress Physiology of Plants," "Ecology and Biodiversity of
Parasites," and "Ecology and Biodiversity of Soil Animals." This deep dive into
specific ecological niches suggests a pedagogical philosophy aimed at producing
highly specialized researchers or field experts who possess in-depth knowledge of
particular ecosystems or organism groups. Such a granular approach allows students
to develop profound expertise, which can be invaluable for advanced scientific
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research, conservation biology, or specialized environmental consulting roles. While
PMBSNU certainly covers a broad spectrum of environmental topics, its curriculum,
based on the provided data, does not appear to offer the same level of dedicated,
niche-specific courses. This may indicate a broader, more interdisciplinary approach
to ecological studies, aiming for a versatile generalist rather than a deep specialist.
This difference could be attributed to varying academic traditions or distinct national
requirements for environmental professionals. For instance, in a smaller country like
Slovakia, specialized expertise might be highly valued for specific research
institutions or targeted environmental projects, whereas a larger nation like Ukraine
might prioritize a broader understanding to address diverse environmental
challenges across its vast territory.

Another significant distinction lies in the explicit inclusion of courses focused on
specific technical and analytical skills within the University of PreSov's curriculum.
Courses like "Geographical Information System (GIS)," "Analytical Chemistry,"
and "Statistic 2" are prime examples. These modules are crucial for equipping
students with practical, hands-on competencies that are indispensable for modern
ecological research, data analysis, and effective environmental management. GIS,
for instance, is fundamental for spatial analysis of environmental data, mapping
ecosystems, and monitoring environmental changes. Analytical chemistry provides
the necessary background for understanding pollutants and environmental processes,
while robust statistical skills are paramount for designing experiments, interpreting
research findings, and drawing valid conclusions. While PMBSNU does include
"Geoinformation Systems in Ecology," the level of explicit specialization in
analytical chemistry and advanced statistics, as standalone, dedicated courses, is less
apparent from the provided curriculum data. This could imply that such skills are
integrated into broader courses, or that the emphasis might be placed more on
theoretical understanding than on practical application of these specific tools. The
clear emphasis at the University of PreSov suggests a deliberate effort to prepare
graduates for research-intensive roles or positions requiring strong quantitative and
data-handling abilities.

In contrast, the PMBSNU curriculum appears to place a stronger emphasis on
applied ecology and environmental management. This is evident through courses
such as "Ecological Management and Audit," "Technologies of Environmental
Protection," and a broader focus on environmental policy and modeling. This
orientation suggests that PMBSNU aims to produce graduates who are not only
knowledgeable about ecological principles but also adept at implementing practical
solutions, managing environmental projects, and contributing to policy
development. Graduates from such a program would be well-suited for roles in
environmental consulting, governmental environmental agencies, industrial
environmental departments, or non-governmental organizations focused on practical
conservation and pollution control. While the University of PreSov’s curriculum
undoubtedly includes elements relevant to applied ecology, its overall specialization
seems to lean more towards fundamental and specific ecological areas rather than
comprehensive management frameworks. This difference reflects varying
educational goals: PMBSNU seems to prioritize the professional who can directly
apply ecological knowledge to solve real-world environmental problems, while the
University of PreSov may be geared more towards academic research or highly
specialized scientific roles.
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A noteworthy element in the University of PreSov curriculum is the explicit
inclusion of "English Language 3." This dedicated language course underscores the
institution's recognition of the increasing importance of English proficiency in the
global scientific and environmental community. English is the lingua franca of
international research, conferences, and publications, and strong English skills are
crucial for accessing cutting-edge scientific literature, collaborating with
international partners, and contributing to global environmental discourse. While
language skills are undoubtedly valuable and expected in any higher education
program, their explicit listing as a separate, required course in the University of
Presov curriculum suggests a deliberate pedagogical choice to ensure graduates are
well-equipped for an international career path. The absence of an explicitly listed
separate language course in the PMBSNU curriculum does not necessarily imply a
lack of emphasis on English, but it might mean that language development is
integrated into other courses or is considered a prerequisite rather than a core
component of the master's program itself.

A particularly unique inclusion in the University of PreSov curriculum is the
presence of "Beekeeping 1" and "Beekeeping 2." While the broader topic of
biodiversity is covered in both programs, this specific focus on apiculture is
distinctive to the University of PreSov. This unique offering could reflect regional
interests, specific research strengths within the faculty, or a response to particular
environmental or agricultural needs within Slovakia. Beekeeping is intrinsically
linked to ecosystem health, pollination services, and biodiversity conservation,
making it a relevant, albeit specialized, area within environmental studies. Its
inclusion highlights how universities can tailor their curricula to leverage unique
local expertise or address specific regional challenges and opportunities. This
contrasts with PMBSNU’s more generalized approach to biodiversity, which does
not delve into such specific practical applications.

In conclusion, both the University of PreSov and PMBSNU curricula share a
common foundation in ecological principles and environmental science, essential for
any master's program in this field. However, they also exhibit notable differences
that shape the profile of their graduates. These disparities are evident in course
specificity, the explicit inclusion of specialized skills, the balance between
theoretical and applied ecology, and the level of detail provided about individual
courses. The University of PreSov appears to cultivate highly specialized
environmental researchers with strong analytical and language skills, potentially
catering to specific scientific and academic roles. PMBSNU, on the other hand,
seems to emphasize a broader, more applied approach to environmental
management, preparing graduates for diverse roles in practical environmental
protection and policy implementation. These differences are not indicative of one
program being inherently "better" than the other, but rather reflect distinct
educational philosophies and responses to different academic and societal contexts.
Understanding these variations is crucial for prospective students, academic
institutions, and policymakers seeking to align educational outcomes with evolving
environmental challenges and professional demands in both Ukraine and Slovakia.

Conclusions

This study offers a comparative analysis of master's-level environmental education
between Ukraine and Slovakia, specifically examining programs at Petro Mohyla
Black Sea National University (PMBSNU) and the University of PreSov.
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Our findings underscore that both institutions share a foundational commitment to
ecological principles and environmental science, aligning with the broader European
trend of integrating national higher education systems. Ukraine's two-decade journey
towards European integration, including its participation in the Bologna Process, has
significantly shaped its educational landscape, as evidenced by the curriculum at
PMBSNU. Similarly, Slovakia's well-established higher education system, despite a
smaller population, demonstrates robust engagement in environmental training.

The comparative analysis revealed several key distinctions in curriculum design
and focus. The University of Presov's program stands out for its emphasis on highly
specialized ecological domains, offering dedicated courses in areas like
limnoecology, soil ecology, and insect ecology. It also integrates essential technical
skills such as GIS, analytical chemistry, and statistics, along with mandatory English
language training. This approach suggests a focus on developing highly specialized
environmental scientists equipped with diverse methodological tools. Conversely,
PMBSNU's curriculum appears to place a stronger emphasis on applied ecology and
environmental management, including coursework in environmental policy and
modeling. This reflects a practical orientation aimed at addressing real-world
environmental challenges, possibly driven by Ukraine's ongoing reforms and the
need for professionals capable of implementing environmental policies. The
differences in study duration (1 year 4 months at PMBSNU versus 2 years at the
University of PreSov) and the associated credit requirements further highlight
distinct pedagogical approaches to master's-level education.

Despite these differences, both universities demonstrate a shared commitment to
developing research skills, with both programs culminating in a master's thesis
defense and incorporating practical training components. This commonality
underscores the universal recognition of the importance of hands-on experience and
independent research in environmental studies.

The socio-demographic context, particularly the impact of the Russian-Ukrainian
war on Ukraine's population and student numbers, adds another layer of complexity to
this comparison. While pre-war Ukraine had a slightly higher number of universities
per capita than Slovakia, the significant outflow of population has altered this ratio.
This demographic shift has also made Slovakia an increasingly attractive destination
for Ukrainian students, influencing student mobility and potentially highlighting areas
where educational systems can adapt to external pressures.

In conclusion, while both Ukraine and Slovakia are committed to fostering
environmental expertise through master's programs, their approaches differ in
specialization and pedagogical structure. These findings provide valuable insights
for continuous curriculum development, fostering international academic
collaboration, and ensuring that future environmental professionals are well-
prepared to address complex global challenges. Further research could expand this
analysis to a broader range of universities and explore the long-term career outcomes
of graduates from these differing educational models.
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O. MitpsicoBa, P. Mapiiiuyk, A. Man
MATICTPH EKOJIOTTi: OCBITHS IIJITOTOBKA B YKPATHI TA CJIOBAYUMHI

AHoTanis. MeTa IociKeHHS: 3IIICHATH MOPIiBHAJIBHAN aHalli3 OCBITHROI IMiATOTOBKA
MaricTpiB-eKoJoriB B YkpaiHi Ta ClioBaq4mHi, 30CepeKyI0UNCh Ha HABYAHHHUX MIPOTrpamMax
YopHOMOPCHKOTO HaIiOHANFHOTO yHiBepcuteTy iMeHi [lerpa Mormmu ta IlpsmriBcbkoro
YHIBEpCHUTETY.

JocmimkeHHS TPYHTYETbCA Ha TOPIBHSUIBHOMY aHali3i HaBYaJbHHX IUIAHIB
MaricTepchbKux Mporpam 3 eKoJorii 000X yHiBepcuTeTiB. BUKOpHCTaHO MeTO 3iCTaBlICHHS
KJIFOUOBHX MapaMeTpiB OCBITHIX NpOrpaM, TakMX SIK TPHUBAIICTh HaBYAaHHS, KpEIWTHA
CHUCTEMa, KUTBKICTh JUCHHUIUTIH, METOAM BUKJIAJAHHS Ta MiAX0AU A0 (iHAILHOTO KOHTPOJIIO
3HaHb, & TAKOXK JETAILHUNA OTJIsL]] CHeUU(IiKK KypciB. AHaJI3 TAKOXK BKIIOYAE TOPIBHSIHHS
3arajbHUX TEHACHIIH y BUILiH OcBiTI YKpainu Ta CloBaY4MHU, BKIIOYAIOUH JleMorpadivHi
3MiHH Ta BIUIAB 30BHIMIHIX (haKTOPIB.

Buseneno, mo o0uIBa yHIBEpCHUTETH MArOTh CITiJIbHE 0a30BEe PO3YMIHHS €KOJOTIYHUX
MPUHIUITIB  Ta TPHPOTOOXOpOHHOT Haykw. OpHAK ICHYIOTH 3HAa4YHI BiIMIHHOCTI:
[psriBchKUil  yHIBEpCHUTET TMPONOHYE OUIBII  CHEMiaNi3oBaHi Kypcw (HAIpHKIA,
JIIMHOEKOJIOTIsI, €KOJIOTisS IPYHTY, €KOJIOTisI KOMaX, OJUKUTFHHIITBO), a TAKOXK aKIEHTYE Ha
HaOyTTi crmermudiuanx TtexHivHNX HaBU4oK (I'IC, amamiTMdHa XiMis, CTaTHCTHKA) Ta
BOJIOJIIHHI aHITIHCHKOI0 MOBOIO. YOPHOMOPCHKHIA HaITiOHAIBHUI yHIBepcuTeT iMeHi [leTpa
Moruig, HaTOMICTh, OLIBIIE 30CEPEKCHUN Ha MPHUKIAAHIA EKOJOril Ta EKOJOTIYHOMY
MEHEIKMEHTI, TONITUIIl Ta MOJAETIOBaHHI. Pi3HUII TaKoX CIIOCTEPIraloThCs y TPHUBAIOCTI
HaB4aHHA (1 pik 4 micsmi B YHY npotu 2 pokiB y IpsmnriBcbkoMy yHIBEpCHTETI) Ta KiBKOCTI
HaBYAIBHUX KPEUTIB.

JocmimpkeHHsT TOTAUOIIOE PO3YMIHHS PI3HOMAHITHOCTI MiAXOMIB JO TMiATOTOBKH
€KOJIOTIB Ha MaricTepCchbKOMY piBHI B €BpOIEHCHKOMY KOHTEKCTi. BoHO Hajgae 1iHHI
TEOPETHYHI OCHOBM JUI TOJAIBIIUX KOMIIAPATHBHUX JMOCIIJDKEHb OCBITHIX CHCTEM,
JEMOHCTPYIOUH, SIK PIi3HI HalllOHalbHI Ta IHCTUTYLIHHI mpiopuTreTH (OPMYIOTH
creniajizoBaHi OCBITHI ITpOrpamMu.

PesynbraT JOCHIIKEHHS. MOXYTh OyTH BUKOPHCTaHI YKpAiHCBKUMHM Ta CJIOBALIbKHUMHU
YHIBEPCUTETaMH Ul TapMOHi3alii Ta BJIOCKOHAJIICHHS CBOIX MariCTepchbKHX Iporpam 3
eKoJorii, aganTaiii O BHMOT PHHKY Hpali Ta MDKHapOAHUX CcTaHAapTiB. [Hopmaris
KOPHCHA JIJIs CTYACHTIB, SIKi pO3IIIAal0Th HABUYAHHS 32 KOPZOHOM, a TAKOXK JJIS1 PO3POOHHKIB
OCBITHBO{ MOJIITHKH 3 METOIO ONITUMi3allii HaI[lOHAIBHUX CHCTEM BHIIOi OCBITH.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



~ 109 ~

OpUriHaJbHICTh JOCHIIKEHHS TOJSArae Yy IPOBEJCHHI IOPIBHSUIBHOTO —aHalizy
MariCTepchbKuX MNporpam 3 eKoyorii MK KOHKPETHHMH YHIBepCHTeTaMH YKpaiHH Ta
CroBauymHM, IO PIKO 3yCTpidaeTbcs B HAYKOBiM Jiteparypi. LliHHiCTB moOmsTae y
BHCBITJICHH] crieniiKy HaBYaJbHUX IJIaHIB, IO JO3BOJISIE ACTAIBHO 3PO3YMITH iXHi CHIIBHI
MOTEHINIMHI CTOPOHM Ta MporaiuHd. HaykoBa HOBH3HA IIONSTAaE y TPEICTABICHHI
aKTyaJlbHHX [aHUX Ta BHUCHOBKIB IMOJO ajamnTallii OCBITHIX IporpaM Yy KOHTEKCTI
€BpomeichKol iHTerpanii YKpaiHu Ta BIUIUBY JeMOrpadiqHuX 3MiH.

OOMeXeHHST NOCHiDKeHHA mojsarae y (okyci Ha JHIIEe ABOX YHIBEpPCHTETaX Ta
KOHKPETHOMY piBHI (Marictp), 0 HE J03BOJISI€ y3arajJbHIOBATH BHCHOBKU Ha BCIO BHIIY
eKoJIoTiYHy ocBiTy YkpaiHu Ta CroBayunHu. [lepcHeKTHBM MONAIBIINX JOCIIKEHb
BKJIIOYAIOTh PO3IIMPEHHS aHajli3y Ha OUIbIly KUIBKICTh YHIBEpCHTETIB, IHIIUX
CHeLiaJIbHOCTEH, a TaKOX TIOPIBHSHHS SKOCTI BHKJAIaHHS Ta IIpaleBlAIlTyBaHHS
BUITYCKHHKIB. JloninbHUM Oyzie TakoK BUBYEHHS BIUIMBY ITOTOYHOI BificbKOBOI cHTyalii Ha
OCBITHIH Tporiec OLTBII IETaTBHO.

KuarouoBi caoBa: wMaricTepcbki TporpaMu; €KOJOTiYHA OCBiTa; BHIA OCBITa;
bonoHcpkuil mporec; HaBYANIbHI IUIAHH; TOPIBHIBHHUI aHaIi3.
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INFLUENCE OF TECHNOLOGICAL PARAMETERS OF THE WELDING
PROCESS ON AEROSOL RELEASE

Abstract. The purpose of this article is to assess the influence of the parameters of
the manual and mechanized arc welding process on their hygienic characteristics
and to identify the main factors that affect the release of welding aerosols. It is
shown that during manual welding with covered electrodes, the level of aerosol
release depends on the welding modes: welding current, polarity and arc voltage.
Regardless of the type of electrodes used, an increase in the welding current leads
to an increase in the level of harmful emissions. In contrast to welding with covered
electrodes, the dependence of the level of aerosol release indicators formed during
mechanized welding in protective gases with a consumable electrode on the welding
mode is more complex — first, the intensity of aerosol formation increases to a
maximum, then decreases to a minimum and increases again. It is shown that the
process of aerosol formation consists of two stages: evaporation of metal in the arc
zone and removal of part of the vapor beyond the arc, where they condense into
solid aerosol particles. The removal of vapor from the arc zone is prevented by the
immersion of the arc into the weld pool. Increasing the arc power first contributes
to increased evaporation, and then to deeper penetration of the base metal, which
minimizes aerosol release. Based on studies of weld pool macrosections, it was

© O.T". JIeBuenko, }0.0. ITonykapos, O.C. Inpuyk, O.B. 3emnsiHcbka, 2026
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found that the shape of the weld pool also influences the complex nature of such
dependencies. For each diameter of the welding wire, there are certain values of the
welding current at which the maximum amount of harmful substances is released,
and a range of current values that ensures the minimum intensity of their release.
When welding at optimal modes, the level of aerosol release decreases when using
wires of smaller diameter. The obtained research results show how the correct
choice of welding materials, shielding gas and welding modes makes it possible to
reduce the levels of harmful substance release.

Keywords: electric arc welding, manual, mechanized, hygienic characteristics,
aerosol, emission intensity, specific emission, recommendations.

O.I'. JleBuenko, 10.0. Ioaykapos, O.C. Libuyk, O.B. 3emasHcbka

HamionaneHuii TexHiuHMA yHiBepcuTeT YKpaiHu «KWIBCHKUIM MONITEXHIYHHNA IHCTHTYT
imeHi Irops Cikopcekoro», M. Kuis, Ykpaina

BIIJIMB TAPAMETPIB IPOLHECY AYTI'OBOI'O 3BAPIOBAHHS
HA BUJAIVIEHHA AEPO30JI1O

Anomayin. Mema danoi cmammi — oyiHumMU 6NIUE NAPAMEMPIE NPOYECY PYYHO20
ma Mexawizo8anoeo 0y208020 38APIOBAHHA HA IX 2ICIEHIYHI XAPAKMEPUCTIUKU |
BUABUMU OCHOBHI YUHHUKIL, K 6NIUBAIOMb HA BUOINEHHS 36API0GAILHUX AePO30IIS.
Ilokazano, wo nio uac pyunoz2o 36aplo8anHs NOKPUMUMU eNeKMpPooamu pieeHb
BUOINEHb AEPO30TIO 3ANEHCUND B0 PEHCUMIB 36APIOBAHHA. 386APIOEATLHOZ0 CIPYMY,
nonspuocmi ma nanpyeu oyeu. Hesanesicno 6io muny 3acmocogysanux eiekmpooie
30iIbUIEHHSL 36aPIOBATILHO20 CIPYMY HPU3B0OUNDb 00 3POCMAHHS PIGHSL WUKIOTUBUX
euoinenv. Ha 8iOMiHy 6i0 36apio6anHs NOKPUMUMU eNeKMPOOaAMU, 3ANeHCHOCMIE
NOKA3HUKIG PIBHS 8UOLIEHb Aepo301i6, WO YMEOPIIOMbCs Ni0 YAC MeXaHI308aH020
36APIOGANHS 6 3AXUCHUX 2A3AX NIABKUM €NeKMPOOOM, Gi0 PedNCUMY 36apHOBANHS
Marme CKAIAOHIWMUL Xapakmep — CnoY4amky iHMEeHCUGHICIb YMEOPEHHS AepO30.i10
nIOBUWYEMBCL 00 MAKCUMYMY, HOMIM 3HUNICYEMbCA 00 MIHIMYyMY [ 3HO8Y
niosuwgyemocs. [lokasano, wo npoyec ymeopenHs aepo3onie cKiaodemvcs 3 080X
emanie: GUNAPOBYEAHHA MEMALy 6 30Hi OyeU Ma GUHECEHHS YACTNUNYU NAPU 30 MEIC]
oyeu, 0e 80HU KOHOEHCYIombCs y meepoi YacmuHKy aepo3onie. Bunocy napu i3 30nu
dyeu nepewkoodcac 3aHypenus oyeu y 38aproganvHy eamny. Iliosuwenns
nOMY*CHOCMi Oyeu CHOYAMKY CHpusae 30iMbWeHHIO BUNAPOBYBAHHA, d NOMIM
NO2NUONEHHIO NPONNABGIEHHS OCHOBHO20 MEMANy, WO 3HUNCYE 00 MIHIMYMy
suoinenusn aeposono. Ha ocnogi docnioscenv makpouinighie 36aproganbHoi 6anHu
010 6CMAHOBIEHO, WO HA CKIAOHUL XAPAKMepP MAKUX 3a71edCHOcmel 30IUCHIOE C8ill
6naUB i Popma 36apro6anvHoi 6amHu. s KOJCHO20 Olamempa 38apioGabHOZO
Opomy iCHYIOMb Ne6Hi 3HAYEHHS 36aPIOBANLHO20 CMPYMY, 34 AKUX BUOLIACMbCS
MAKCUMANbHA KITLKICMb WKIONUBUX PEYOSUH, I OLIAHKA 3HAYEHb CUU CIPYMY, WO
3abesneuye MIHIMAAbHY iHmeHcusHicmb ix eudinenns. Ilpu 3eaproeanni Ha
ONMUMATLHUX PENCUMAX PiBeHb GUOLIEHHS aepo30i6 3MEHUWYEMbCA Ni0  4ac
BUKOPUCTNAHHS Opomie MeHui020 Jiamempa. Ompumani pe3yromamu 00CaONHCEHD
NOKA3YI0Mb, K NPABUNbHULL 8UOID 36aPI0BATILHUX MAMEPIANi8, 3aXUCHO20 2aA3y Md
PedCUMIB 36apIOBAHHSL 0AE MONCIUBICTNG ZHUNCYBAMU DIBHI BUOINIEHb WKIOIUBUX
DeyosuUH.

Kniouogi cnosa: erexkmpoodyzoge 38apio6anus, pyuHe, Mexauizosawne, 2ici€HiuHi
Xapaxmepucmuxu, aepo3oib, [HMEHCUBHICINbL BUOINEHHS, NUMOMe BUOLIEHHS,
pexomenoayii.
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Beryn

Jnst po3poOieHHS Tiri€HIYHUX PeKOMEHJAlid MOA0 3HW)KCHHS PiBHIB BHILICHHS
IIKIJUTMBUX PEYOBHH 3BapIOBANBHHUX aepo3oiiB (3A) y moBiTps pobodoi 30HU
[UIIXOM BHOOPY ONTHMAaJIBHUX MapaMeTpiB MPOIecy 3BapIOBaHHS HEOOXiIHI NaHi
PO 3aJEKHOCTI PiBHIB 1X BUAUIEHb 1 XIMIYHOTO CKJaay Bii crmocoly i pesKuMiB
3BaproBaHHA. Sk Bigomo [1, 2], XiMiuHMI CKkJag Ta piBeHb BHAUICHD 3A
BH3HAYAETHCS HE JIUIIIE CKIIAI0M (MapKOI0) 3BapIOBAIHHOTO MaTepialy Ta 3aXHUCHOTO
rasy, a i pe>kuMOM 3BapIOBaHHA (BUIOM, OJSIPHICTIO 1 BEIMUMHOIO 3BapIOBATILHOTO
CTpyMy, HAaIlpyror eneKTpu4yHoi nyru). Jus BCTaHOBICHHS BiIMOBiAHUX
3aJIe)KHOCTeH HEOOXIAHO BHKOHATH CHEMiabHI JOCTIDKEHHS 3 METOI0 MOITYKIiB
HOBHX TEXHOJIOTIYHMX CHOCOOIB TOJNIMIICHHS Till€HIYHUX XapaKTEepUCTUK
3BapIOBAILHUX MaTepianiB (MIOKPUTUX EIEKTPOIB 1 3BapIOBaIbHUX APOTIB).

IlocTanoBka 3aBIaHHSA

Cepen ycix BiIOMHX WIKiIJIMBUX 1 HeOe3NMEUHUX (AaKTOPIB 3BApPIOBATBHOTO
Mpollecy HAHOIMbIIy 3arpo3y AJs 370POB'S 3BapHUKIB CTAHOBUTH 3BapIOBATbHUI
aepo30Iib, BiJ AKOTO W JIOCI 3BApHHK 3aXWINeHUH HemoctaTHO. [Ipo me cBimyathb
pe3yJIbTaTH MEIUYHUX OOCTEKEHb, SKI JOBOAATH, IO cepea mnpodeciiHux
3aXBOPIOBaHb 3BAPHUKIB YKpaiHU Ta 1HIIUX JepkaB npuoim3Ho 80 % CTaHOBIATH
OpOHXOIIETeHeBi, CIIpuYuHeHi BINIMBOM 3A. lle — MHEBMOKOHI03, 1110 BUSBUBCS y
3BapHMKIB, SKi MPOMpAIfOBAIM Yy 3BapIOBAIBHHUX IlexaXx MNoHax 15 pokis, Ta
XpOHIYHHN OpOHXIT, 0 BUHUKAE BXKE Yepe3 5 pokiB mpami B npodecii 3BapHUKA.
Ilix yac BHKOHaHHS 3BapIOBANIBHUX POOIT y HENOCTYIHHUX MAJSl BEHTHIIOBAHHS
3aKpUTHX MPOCTOPAX Mepio] PO3BUTKY MHEBMOKOHIO3y CKOPOUYETHCS /0 5 POKIB.
Kpim Toro, BmB 3A Ha opraHd JUXaHHS MOXE ITJIBUIYBATH PU3UK PO3BHTKY
OHKOJIOTIYHUX 3aXBOprOBaHb. OTXke, TpaIuWIiiiHI CIIOCOOHM 3BapIOBaHHS 4acTO HE
BINOBIaI0OTh Cy4YaCHUM BHMOTraM O€3IEKH, L0 3YMOBIIOE MiJABHILNEHUI PH3HK
npoecifHUX 3aXBOPIOBAaHb Cepejl 3BapHUKIB [2-5].

["onoBHMMU 3aBIAHHIMHU AAHOTO JAOCIIIKEHHS €:

®  BCTaHOBJICHHS 3aJIEKHOCTEW MOKAa3HMKIB PiBHIB BUAUIEHb 3A BiJ pexXxuMy

3BapIOBAHHS;

® aHami3 3AJIEKHOCTEH PIBHIB BUAUIEHh 3A TMiJi 4ac pPy4YHOTO JyroBOTO

3BApIOBaHHS IOKPUTUMH €JIEKTPOIaMH Ta MEXaHI30BaHOIO B 3aXHCHUX
rasax;

® peKoMeHAalii 10 BUOOPY ONTUMAIIbHUX PEXKUMIB 3BapIOBaHHS.

PesynmbTati 1BOTO  JOCHIJDKEHHS MAmOTh Ha MeETi PO3poOKy HayKOBO
OOIpYHTOBAaHUX pillleHb JUIsI 3MEHIICHHS MIKIJIJIMBOTO BIUIMBY 3BapIOBAIBHUX
MPOLIECiB, MOKPAIEHHS TIri€HIYHUX YMOB Tpalli Ta MiJIBUIICHHS €(QEeKTUBHOCTI
3aXUCTY OPraHiB JUXaHHS 3BaPHUKIB.

PesyabTaTn gocaigxeHHs

Pyune dyzoge 36aproeants noKpumumu ea1eKmpooamu

BumapoByBaHHS €JIEKTPOJIHOTO Ta OCHOBHOTO MaTepialiB Iij] Yac 3BaprOBaHHS,
y pe3yJIbTaTi 40TO YTBOPIOETHCSA 3A, 3HAYHOIO MIiPOIO 3aJICKHTD Bijl TEMIIEPATYPHHUX
YMOB y 30HI JIyroBoro po3psay. OcCTaHHI 3ajiexaTh BiJ] PSKHUMIB 3BaprOBaHHS:
3BapIOBAILHOTO CTPYMY, IMOJBSIPHOCTI Ta Hampyru Ayru [2]. BiTumsHsHuMu Ta
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3apyOKHUMH JTOCTITHIKAMH OJHO3HAYHO BCTAHOBJICHO, IO HE3AJICKHO Bif THILY
SJICKTPO/IIB, 1[0 3aCTOCOBYIOTHCS, 30UIBIIICHHS 3BAPIOBAIBHOTO CTPYMY TIPU3BOIUTH
JI0 3pocTaHHs piBHA BuIUIcHb 3A. lle 3yMOBIIEHO MHiABHINEHHSIM TEMIIEpaTypH
Kpamenb MeTaly Ha TOPII eNeKTpona, IO NPU3BOAWTH OO iHTEHCH]iKarii
BurapoByBaHHsi. Ha puc. 1 HaBemeHO THIIOBY 3aJeKHICTh TOKAa3HHUKIB PIiBHS
BuaiieHb 3A (iHTEHCHBHOCTI V., Ta muromoro BumiieHHs G,) BiJ BEITUYUHU
3BapIOBAILHOTO CTPYMy Ui EJNEKTPOIiB AiameTpoM 3,2—8 MM 13 MOKPHUTTSIM
1JTBMEHITOBOTO BHTY.

V., Mr/xs G, mr/r
—_——2
—_1
1000F 120
500 410
0 1 1
200 400 T A

38°

Puc. 1. 3anexHiCTh MOKa3HUKIB PiBHA BUAICHh 3A: iIHTEHCHBHOCTI BUAINICHHS V, (CYIUTBHI
kpuBi 1) Ta murtoMoro BuAUIeHHS G, (IUTPUXOBI KPHBi 2) Bil BEIMYUHH 3BapIOBATBHOTO
CTPYyMY JJISl €JICKTPOIIB 3 LIIbMEHITOBUM MTOKPUTTSIM JiaMeTpoM 3,2—8 MM

3anexHICTh IHTEHCUBHOCTI BUALICHHS 3A BiJ CHIIM 3BapIOBAJILHOTO CTPYMY MA€
napaOoiYHMIA XapaKTep 1 OMUCYETHCS PIBHAHHSM [6]

Va =4 313“,

ne Va,— IHTeHCUBHICTh BUAUICHHS 3A, MI/XB; 4 1 7 — eMITipU4HI TIOCTiHHI, BEITUYMHA
SKMX 3aJISKHUTh BiJl BUAy MOKputTs: 4 = 0,0361 i e1eKTpomiB 3 1JIbMEHITOBUM
nokputTsaM, 0,4519 — anst enektponiB 3 pyTHIOBUM MOKpHTTsIM, 0,0697 — s
€JIEKTPO/IiB 3 OCHOBHUM TOKPHUTTSM; TIOKa3HUK 7 BiAMOBiAHO nopiBHIoE 1,73; 1,17
Ta 1,65; I,; — 3BaproBaJIbHAN CTPYM.

XapakTepHo, IO €JEKTPOA MEHIIOro miaMerpa BHIALIAE Ouibine 3A, HIK
EJIEKTPOJl OUIBIIOTO JiaMeTpa, SKIIO0 3BapIOBaHHS BHUKOHYETHCS Ha CTPyMi
OHAKOBOi BeidwuuHU. (OUYEBHIHO, II€ 3YMOBIEHO THM, IO 33 OJHAKOBOTO
3BapIOBAJILHOTO CTPYMY IIUIBHICTH HOT0 Y €IeKTPO/1a MEHIIIOT'0 JiaMeTpa BHUIIIA, HiXkK
B JIEKTPO/Ii OLbIIOro aiamMerpa. BiAmoBigHo ¥ Temmeparypa HarpiBaHHs Kpareib
Ha TOPIIi €JICKTPO/Ia MEHIIIOTO JliaMeTpa BUIIA.
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3aJe)KHICTh MUTOMOTO BHIIJICHHS 3A BiIl 3BapIOBAIIGHOTO CTPYMy Ma€ OUTBII
MOJIOTHH XapakTep y MOPIBHSAHHI 13 3aJISKHICTIO iHTeHCHBHOCTI BuineHHs 3A. Lle
MOSICHIOETBCS OJHOYACHUM 301TBLICHHSAM IIBUAKOCTI TJIaBICHHS EJNEKTPOMAIB 3i
3pOCTaHHAM 3BapIOBAJIBHOIO CTPyMy. TOMY TEMII 3pOCTaHHS MOKA3HUKA BUIUICHHS
3A B po3paxyHKy Ha OJMHUITIO MacH CIIAJIEHOTO €JIEKTPO/Ia MEHIITHH, Hi’K TTOKa3HUK
IHTEHCUBHOCTI BUALICHHS 3A.

301TBIICHHST 3BapIOBAIFHOTO CTPYMY 3a3BHYAll CYMPOBOKYETHCS 3POCTAHHIM
HOMIHAJIFHOI HAIIPYTH HA Ay3i, TOOTO MOTYXKHICTh 3BapIOBAILHOI AYTH 3POCTAE K
4yepe3 3pOCTaHHS CTPyMy, TaK 1 B pe3yiabTaTi 30UIbIIEHHS HANpyrd JIyTH.
CrioctepiraeTbCsi MPOMOPINiiHA 3aIEKHICTh IHTCHCHBHOCTI BUIIEHHS 3A Bij
MOTY KHOCTI JTyTH.

BcranoBneHo, o0 BeIMKHIA BILUIMB HA KiNBbKICTh BUALICHDb 3A BUSBIISAE HANpyra
nyru [6-8]. Ti 36imblueHHs BHACHIZOK TOMOBXKEHHSA MyI'M CIIPHUUHSE CYTTEBE
30inmbIIeHHsT iHTEHCHBHOCTI yTBOpeHHsS 3A. lle 3ymoBieHo, mo-mepiie,
MIOTIPIIEHHSM YMOB 3aXHCTY PO3IUIaBIEHOT'0 METATY Ha TOPIIi €IeKTPO/Ia BT KHCHIO
HAaBKOJIMIIIHBOTO TOBITPS, TOOTO 301IbIIEHHSIM OKHUCHOTO MOTEHINATy aTtMochepu
IyTH, 10, 5K TOKa3aHo BHINE, iHTeHCUdikye BumineHHs 3A. Ilo-gpyre, mpupict
MOTY>KHOCTI IyTH, BUKJIMKAHUH 3pOCTaHHIM HAIPyTH yepe3 ii HOAOBXKEHHS, MapHO
BUTPAYa€TbC HA BHUMPOMIHIOBAHHS B HABKOJMIIHIA TMPOCTIp, MPaKTUYHO HE
301IBLIYIOYH IIBUAKICTh IUIABJICHHS €JIEKTpoa. Y pe3yibTaTi oOuaBa TOKa3HUKH,
10 XapaKTepU3yITh PiBEHb BUIIICHHS 3A — IHTEHCHUBHICTh Ta IUTOME BUIIICHHS
3A, — 3pOCTarOTh 31 30LIBIICHHSAM JIOBXKHHU TYTH.

SKmo 30UIbIIEHHS HANpYTH AYTH OOYMOBJIEHO i CTHCHEHHSM, BOHO TaKOX
BHKIIMKA€ 3pOCTAaHHS PiBHS BUAUIEHH 3A, ajie MEHIIOK MipO0, HIX TOJOBKEHHS
IYTH, OCKUIBKH IIPHU CTUCHEHHI yTH YMOBH 3aXHCTY 30HH IJIaBJICHHS €JIEKTPoa Bij
HaBKOJIMIITHLOTO MOBITPS HE MOTIPIIYIOThHCS.

BimoMocTi mpo BIIMB poay CTpyMy Ta MOJSPHOCTI HA piBeHb BUIALICHHS 3A
cynepewinBi. Y OnbIIOCTI POOIT 3a3HAYAETHCA, IO 3a IHIIMX PIBHUX YMOB
HaiOlIplIa 1HTEHCHBHICTh BUWJAIEHHS 3A CIOCTEpIracThesi MpH 3BapIOBaHHI
MOCTIHHUM CTPYMOM 3BOPOTHOT NOJsipHOCTI [7, 9]. Lleit dakt nqo0pe y3romkyeTses
3 eKCIIEPUMEHTAIBHIMH JaHUMH NP0 OUIBII BUCOKY TEMIIEpaTypy Kparelb Ha TOpIi
€JIEKTPOZIa Y pa3i 3BapioBaHHs Ha 3BOPOTHIH nossipHocTi. Ilpore npu 3BaproBanHi
BHUCOKONPOJIYKTHBHUMH E€JIEKTPOJaMU 3 PYTWIOBHM Ta KHCIMM TOKPUTTAMH
HailOl1pla 1HTEHCUBHICTh BUALICHHS 3A Mae Micllie NpH 3BaplOBaHHI Ha MNpsAMIH
noJsipHocTi [7]. Ilpu 3BaproBaHHI 3MiHHMM CTPYMOM IHTEHCUBHICTh BUALICHHS 3A,
3a3BHYai, HIDKYA, HIK MPU 3BaprOBaHHI MOCTIHHUM cTpymMoM. Taky 3aJexkHICTbh
MOJKHA MOSICHUTH TEPIOMYHUM 3HIKEHHSIM 3BapIOBAIBLHOTO CTPYMY JI0 HYJILOBOTO
3Ha4YeHHs (Ha BiAMiHY BiJ HOCTIHHOrO CTpyMy), IO TSATHE 3a COOOIO BiIMOBigHI
TeMIIEpPaTypHi 3MIHM HarpiBy MeTajJly Ha TOpI eJIeKTpoJa 1 IHTEHCUBHOCTI
BHUITAPOBYBAHHS EICKTPOIHOTO MaTepiaiy, o miaBuThes [10].

3 TOKa3HHWKiB, IO XapaKTEepU3yIOTh PEXUM 3BapIOBAaHHS, JIMIIEC LIBHIKICTH
3BapIOBaHHA HE CTBOPIOE MOMITHOTO BIUIMBY Ha PiBeHb BUIAUICHHS 3A.

BixuieHHs MONOXKEHHS €eKTPO/a BiJI BEPTHKAI MPU3BOJIUTH JI0 HEBEIUKOTO
30ibIIIeHHS iIHTEHCUBHOCTI BuAIeHHS 3A [6]. OueBuIHO, 3pOoCcTaHHs BUIUICHHS 3A
y LBOMY BHIIQIKy OOYMOBJIEHO JESKHM HOTIpIICHHSIM 3aXHMCTy 30HM IUIABJICHHS
€JIEKTPO/Ia BiJI KUCHIO HABKOJHUIITHHOTO MOBITPSI.
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Mexanizosane 36aposanns 6 3axXUCHUX 2434X

Ha BigMiHy Bij 3BaproBaHHS MMOKPUTHMH €IIEKTPOIAMH, 3aJI€KHOCTI MOKA3HUKIB
piBHA BuIiTeHb 3A, IO YTBOPIOIOTHCA IiJl Yac MEXaHi30BAaHOI'O 3BapIOBaHHS B
3aXMCHUX Ta3aX IJIABKUM EJIEKTPOJIOM, BiJI PEXKUMY 3BapIOBaHHS MAIOTh CKIIAIHIIINI
xapakrep [2, 11]. [y BCTaHOBJICHHS OCTAHHLOTO BUKOHAHO TaKi JOCITIIKEHHS.

BinOupanus mpo6 3A 3aiCHIOBAIM Yy BIIMOBIAHOCTI 3 MeToaukow [12] B
Tporieci HaruTaBieHHs BamukiB ApoToM CB-0812C miameTpoM 2 MM Ha IIACTHHU 31
crami BCr3cn. Pexwmm nHammaBineHas: I, —180..520 A (ctpym moctiiHUi,
MOJIIPHICTh 3BOpoTHA), U, — 21,5...36,5 B, mBuAKiCTh 3BaproBaHHsI — 16 M/Toj;
BUJIIT eJieKTpoaa — 25 Mm, Butpara ra3zy — 20 ji/xB. BukopucroByBaiu Taki 3aXUCHI
ra3u: CO,, cymimti 75 % Ar + 25 % COz ta 70 % Ar + 25 % CO2 + 5 % Oo.

I3 pesynbTaTiB mocimimkeHb (puc. 2) BHIHO, MO 3aJCKHICTh 1HTEHCHBHOCTI
BHIIJIEHh 3A BiJl BEJIMYUHHU 3BApIOBAIBHOIO CTPYMY Ma€ CKJIQJHHUHA XapakTep.
BoHa nocsirae makcuManpHUX 3Ha4eHb Ipu BuKopucTanHi CO», MiHIMAIBHUX —
cymimn Ar + COa.

Va, r/xB
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Puc. 2. 3anexHicTb IHTEHCUBHOCTI yTBOpeHHs 3A V; BiJl CHIIM 3BapIOBAIILHOTO CTPyMY (a) i
BOJIbT-aMIIepHi xapakTepucTuku ayru (0): e — 3BaptoBaHHA B COj; 0 — Ar+O;+COy;
x — Ar+CO; (mpit C-08T2C)

Ha nepmiii ainsHOi KpuBoi (puc. 2) MigBUILICHHS IHTEHCUBHOCTI YTBOPEHHS 3A
31 30iJbIICHHAM 3BaplOBAJIbHOIO CTPYMY, 3BICHO, MOSICHIOETHCS 3POCTaHHIM
MOTY>KHOCTI nyru. SIk mokazano B poOoti [11], iHTEeHCHBHICTH yTBOpeHHS 3A
3aNeKUTh BiJl XapakTepy IepeHecCeHHs eJEeKTPOAHOro MeTaimy. Ii IiiaBuIeHHS
MOSICHIOETBCSL 30UIBIIGHHSIM €HEprii Ayrm Ta TOCHJICHHSM pO30pHU3KYyBaHHS
eNIeKTPOAHOTO MeTaly. bpu3ku mertaiy, o HOTPAIUIAIOTh y MOBITPS, IHTCHCHBHO
OKHCJTIOIOTHCS, IO CIIPHUSIE YTBOPSHHIO BETUKOT KITBKOCTI 3A.
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Bucoka inTeHcuBHICTh yTBOpeHHS 3A mpm 3BaproBaHHi B CO, MOSICHIOETHCS
MiABUIIEHUM PO30PU3KYBAaHHSAM 1 OKUCICHHAM €JIEKTPOJHOTO METaly B MOPiBHSHHI
31 3BaplOBaHHAM B CyMillax Ha OCHOBi aproHy. [Ipu 3BapioBaHHI B cymimn
Ar+0,+CO, HagBHICTbP KHCHIO 30ITbIIyE OKHCHUH TIOTEHIiall Ta30BOTO
CepeOBHINAa, TOMY IHTEHCHBHICTh BUAUIEHh 3A BHWIa, HDK IPHU 3BapiOBaHHI B
cymimi Ar+COs [2].

Ha ppyriéi gingaii kpuBoi (puc. 2) 3HIKEHHS IHTEHCUBHOCTI BHIUTEHHS 3A
00yMOBJICHO 3MIHOIO XapakTepy II€pEeHECEHHs eJeKTpogHoro wmeramy. Ilpu
3BaplOBaHHI B CyMillax Ha OCHOBI aproHy IIEPEHECCHHS MeETaly CTae
NpiOHOKpamnenbHUM (CTPYMEHEBHM), a TPU 3BaplOBaHHI y BYIJICKHCIOMY rasi —
BEJIMKOKpAIleJIbHUM (06€3 KOPOTKHUX 3aMUKaHb, 3 OCTYIIOBUM 3aHYPEHHIM YU Y
3BaplOBaJIbHY BaHHY). OueBHIHO, 3MEHILICHHS PO30PU3KYBaHHS METAIy 1 3aHyPEHHS
IYTH Y 3BapIOBAIbHY BaHHY CIPHSE 3MEHIICHHIO BUKHY KUIBKOCTI ITapiB MeTaly 3a
Mexi myrd. Y pasi 3acTOCYBaHHS CyMIIle#, IO MiCTATh aproH, 3HIDKEHHS
IHTEHCHBHOCTI BUIJICHHS 3A CIIOCTEPIraeThCs 32 YMOBH MEHIIIOTO 3BapIOBAIEHOTO
CTpYMy TOPiBHSIHO 3i 3BaproBaHHsM B CO,. SKII0 3BaproBaibHUI CTPYM IIEPEBHIILYE
420 A, iaTeHCHBHICTH BufineHHs 3A 3HOBY 3pocrtae (puc. 2). lle mos's3ano 3i
30iNBIIEHHSM JOBXWMHU JyTH, IO TIOBEPXHI 3BapOBAIBHOI BaHHU Ta
3MEHIICHHSIM TIIHOMHU 3aHypEHHS JAyTd y BaHHY, 10 MPU3BOJUTD 10 MiIBUIICHHS
IHTEHCUBHOCTI YyTBOPEHHS MapiB Ta X BUAAICHHS 13 30HH IYTH.

MinimanbHe BuineHHS 3A 3a0€3Meuy€eThes 3a 3BaPIOBATBHOTO CTPYMY OH3BKO
420 A i manpyru gyrum 32..34 B. 3acTocyBaHHS 3BapiOBaHHS Ha IIbOMY PEKUMI
JIOLIJTBHO 1 3 TEXHOJIOTIYHOI TOYKH 30py. J[Is BCiX MOCHIIKEHUX 3aXMCHUX Ta3iB
IHTEHCHBHICTb BUIIJICHHS 3A B TIPOIleCi 3BapIOBaHHS HA TAKOMY PEXUMIi IPUOIA3HO
onHakoBi. OTXe, y pasi 3aHypeHHS Iyrd y 3BaplOBalbHY BaHHY CKJIAJ 3aXMCHOIO
ra3y He Ma€ MOMITHOTO BIIUBY Ha YTBOPEHHS acpO30JIIO.

Takum 9HOM, MOKHA CTBEP/KYBATH, 1110 MIPOIIEC YTBOPEHHS 3A CKIaAa€eThes 3
JIBOX E€TAIliB:

1 — BUNapoByBaHHS METAIy B 30HI JYTH;

2 — BUHECEHHS YaCTHHU IMapH 3a MEXIi JAYTH, Jie BOHA KOHJICHCYEThCS y TBEP/i
YacTHHKH 3A.

BuHocy mapu i3 30HM Ayru crpusie po30pU3KyBaHHSA METaly, a IMEPELIKOKAE
3aHYpEHHS JyTU Y 3BaplOBaJIbHY BaHHY.

[ligBuIIIeHHS IOTYKHOCTI AYyTH CIIOYATKY CHpUSiE€ 301IbIIEHHIO BUIAPOBYBAaHHS,
a MOTiM NMOrNMHOJIEHHIO POIUIABICHHS! OCHOBHOI'O METAaJy, IO 3HWXKYE 10 MIHIMyMY
BuzineHHs 3A. ToMy 3BaproBaHHS 3aHYPEHOIO JYTOl0 € HalOUIbII IPUHHATHUM Y
TiTi€EHIYHOMY BiJIHOIIICHHI.

BusnauenHs nuromux BufineHs 3A (puc. 3) J03BOJIMIO OLIHUTH BTPATH METaILy
Ha BUNIApOBYBaHHA. MakcuMaibHi BTpaTi Metany npu 3BaproBanHi B COz, Ar+COs,
Ar+O+CO; cranoBiasats Omam3pko 2, 1,3 1 1,5 % BigmoBiguo. 3i 301IbIICHHAM
3BapIOBAILHOTO CTPyMY (71 CyMilliel Ha OCHOBI aprony — mounHatoun 3 300 A) i
BTPAaTH 3MEHINYIOTHCS, IO TMOKpallye fAK TirieHiyHi, Tak 1 EKOHOMIiYHi
XapaKTePUCTUKH TPOIECY 3BAPIOBAHHSI.

3BaproBanHs B CO, XapakTepu3yeTbcs THM, IO NMUTOME BuAiUIeHHS 3A Ha
BiIMiHY BiJl HOro iHTEHCHBHOCTI YTBOPEHHS 3aBXIHM 3HIKYyeThcs (puc. 3). Lle
MOSICHIOETBCSL BHUIIEPE/DKAIOYMM TEMIIOM PO3IUIABJICHHs €JIeKTPOJAHOrO JPOTYy 3i
30UTBIICHHSIM ~ 3BapIOBAILHOIO CTPYMY TIOPiBHSHO 3 TEMIIOM 3pOCTaHHS
IHTEHCHBHOCTI yTBOpeHHS 3A (IuB. puc. 2).
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Puc. 3. 3anexHicTh muTOMUX BUAUICHh 3A G, BiJl CHJIHM 3BapIOBANBLHOTO CTPyMYy: ® O X —
JIUB. pucC. 2

OTxe, IS KOXKHOTO JliaMeTpa 3BapIOBAIILHOTO APOTY iICHYIOTh IT€BHI 3HAYCHHS
3BapIOBAJILHOTO CTPYMY, 3a IKUX BUAUISETHCSI MAKCUMaJIbHA KIJIBKICTh 3A, 1 TIsTHKA
3HAYeHb CWJIM CTPyMy, L0 3a0e3rnedye MiHIMaJbHY IHTEHCUBHICTH BUIIICHHS
(puc. 4). Ilpore mmuromi BuamineHHs 3A y pasi 3BaproBaHHsd B CO2 3aBxau
3HWKYIOThCS (pHC. 5) 3 XapakTepHHMH TepernHaMH KPUBHX, IO BiJAIMOBIJAOThH
rpadikam (puc. 4).

Va, T/XB
1’5 /A\
10 /K
/ -
05 /
\,/

Pl
0

100 200 300 400 500 I, A

Puc. 4. 3anexHicTs iHTEHCUBHOCTI yTBOpeHHs 3A mipu 3BapioBanHi B CO; BiJ cuim cTpyMy:
e — 3paproBanHs npoToM CB-0812C miamerpom 1,2 mm; 0 - 1,6 MM; X — 2,0 MM
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Puc. 5. 3anexHicTh MUTOMHUX BUIUICHDb 3A BiJl CHIIM 3BapIOBAILHOTO CTPYMY: ® O X — JIUB.
puc. 3

CknaznHi eKcTpeMaibHi 3aJI€KHOCTI IHTEHCUBHOCTI BUIUICHHS 3A Bifl pekuMy
3BapIOBAaHHSA, II[0 MAIOTh MAKCUMYM 1 MiHIMyM BUJIJICHB, TTOSICHIOIOTHCSI HE TLTBKH
MOTY>KHICTIO 3BapIOBaIbHOI AYyTH, & i BUJOM MEPEHECEHHS €IEKTPOAHOTO METAIy.
Pazom 3 TMM Oy;i0 BCTaHOBJIEHO, IO Ha CKIAIHUIN XapakTep TaKHX 3aJIe)KHOCTEH
BILUTMBAE 1 ¢opma 3BaproBaibHOI BaHHU [2]. [l 1[bOro JOCIIPKYBaJIM BILIUB
PEeXUMY 3BaprOBaHHA (CHJIHM 3BapIOBAIBHOrO CTPyMY Ta HaIllpyTd AyI'H) Ha OCHOBHI
XapaKTepUCTUKX 3BapIOBATGHOI BaHHW: UIMPHHY | TIMOWHY /i TPOIUIaBICHHS,
BHUCOTY OIYKJIOCTI ¢ I1IBa, @ TAKOXK 1X 3B'A30K 3 TIOKa3HUKaMU piBHs BuaiaeHb 3A. 11i
XapakTePUCTUKM WIBIB BU3HAYaJIM Ha 3pa3kax MeTaly, HaljaBlIeHOTO Y
BYyTJIEKHCIIOMY ra3i 1potoM Mapku CB-0812C piamerpom 2,0 MM Ha IUIaCTHHY CTali
BCr3cn ToBmmHo 12 MMm. HamnaBneHHs poOwiy B THX K€ YMOBax, IO i MpH
JOCTIDKEHHSX 3aJIe)KHOCTEH PiBHIB BUIIJICHD 3A BiJl pe:KUMY 3BaproBaHHs. Pexxumu
HaIUTaBIIEHHS: 3BaplOBAIbHUN CTpyM (TOCTifiHHMI 3BOPOTHOI  IMOJSIPHOCTI)
3MiHIOBaBCs B Mexax Big 200 mo 500 A, Hanpyra Ha qy3i U, BiANOBIIHO — Bif 23 10
36 B, mBuaKicTh Mpolecy HariaBJIeHHs JIOpiBHIOBaNa 16 M/roJl, BUIIT €JIeKTpoa
CTaHOBUB 25 MM, BHTpara Byriekucioro razy — 20 n/xB. I'padixu Oymysamu 1mo
Cepe/iHiX 3HAYeHHSX i3 6 BUMIpIOBaHb Ha MakpolLTidax 3pa3KiB 3BapHOro LIBA,
OTPHMaHHX Ha KOKHOMY PEXKHMI.

BuBuenHs Makponutidis mokasasno, 110 Ha BCiX 3pa3Kax (30Kpema i HariaBIeHUX
Ha pexuMi, o 3a0e3neyye MiHiMalbHEe BUAUICHHA 3A) MalOTh Micle CIPHUSTINBI
reoMeTpuuHi mnapamerpu 1mBa (tabmuig). lle nmo3Boisie nuigxoM migdopy
MapaMeTpiB peKUMY 3BapPIOBaHHS 3a0€3MeYNTH IPUHHATHE ITOEIHAHHSI HEOOXITHUX
TreOMETPUYHMX MapaMeTpiB IIBa T4 MiHIMAIbHE BUIUICHHS a€pO30JI0.

3 MiABUIICHHSIM 3BapIOBATBHOTO CTPYMy Ta HANpyTd Ha Jay3i rmuOuHa h Ta
IIMPUHA TPOIUIABICHHS b, a TaKOX OMYKJIICTh ¢ IBa 30UTHINTYIOTHCS. OCKIIBKH
rMOrMHA TIPOIUIABJICHHS IEPEBAXHO BHU3HAYAETHCS 3HAUEHHSM 3BapIOBAJILHOTO
CTpYMY, a IIMPUHA — HAMIPYTOIO Ha Ay3i, PO3IIIIHEMO BiAMOBIIHI 3aJIC)KHOCTI.

I3 puc. 6 BUAHO, IO 3aJICKHICTh IHTEHCUBHOCTI YTBOpPeHHS 3A BiJ MHUPUHU
MPOTUIABJICHHS Ma€ CKIaJHUN BUIIIA 3 MAKCUMYMOM Ta MiHIMyMOM BHIiJICHB.
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Tabmus. ['eomeTpudHi XapaKTEPUCTHKH 3BapIOBATHHOI BAHHH

Ne mBa Ls, A U,B 6, MM h, MM ¢, MM
1 210 23,5 12,9 2,8 2,5
2 290 28,5 16,8 3.9 2,7
3 390 31,5 18,4 6,3 3,6
4 440 33,5 21,5 10,0 4,1
5 500 36,5 23,9 10,7 4,2

G, r/xr V, /X8

254 15 P i, Y

20 4 °\J><

S — O

15 20 b, mm

Puc. 6. 3anexHicTh iHTEHCUBHOCTI V; 1 muToMoro BuaineHHs G, 3A BiJ IIMPUHH IIBa b rpu
3BaproBaHHi B CO; npotom CB-08I'2C nmiamerpom 2,0 MM

3anexxHiCTh IHTEHCUBHOCTI BuAiNeHHS 3A Big TIMOMHM HPOIJIABICHHS Ma€
CXOXHUH BUIISA (puc. 7), IO MOSICHIOETHCS BIUIMBOM 3BapIOBAJIbLHOIO CTPYMY Ha
TTOMHY TIPOTUIABICHHS.

3icTaBieHHS 3aJeKHOCTEW I1HTEHCHBHOCTI YTBOpPEeHHS 3A Ta IMOWHU
MPOIIABJICHHS BiJ] 3BapIOBAILHOTO CTpyMy (pHC. §) MOKa3ye, 10 pi3Ke 3HWKEHHS
IHTEHCHBHOCTI BuiIeHHs 3A npu migsuiieHHi crpymy Big 400 mo 440 Biamnosigae
pizkoMy 30UTBIICHHIO TNIMOWHY TpOIUIaBlieHHss MeTtany. Lle cBigunTh mpo Te, 110
3HM)KEHHSI 1HTEHCUBHOCTI YTBOpPEeHHS 3A 0OyMOBJIEHO 3aHYpEHHSIM Iyrd Y
3BapIOBAJIbHY BAaHHY BHACJIJIOK MTPOTUIABICHHSI OCHOBHOTO METAIYy.
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Puc. 7. 3amexHuicTte IHTEHCHBHOCTI V, 1 muromoro BupmineHHs G. 3A Big riaubOuHu
nporuiaBieHHs / npu 3BaproBanHi B CO; (CB-0812C, 2,0 mm)

G, r/kr V,, 1/xB h, MM
=
25F1.5 10
20+ /.‘——ﬂ
»
I5F1.0 5
he A
1o} N e
“'./ 4\—.—0
’/
5tos e //
]
200 300 400 1 .A

387

Puc. 8. 3icraBnenus inTeHcuBHOCTI V, Ta mmromoro BumiaeHHs G, 3A 3 TIMOHHOIO

MIPOIIIABJICHHS /1 3aJI)KHO BiJ] 3BapIOBAILHOTO CTpyMy mipu 3BapioBanHi B CO, (CB-0812C,
2,0 Mmm)
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OTxe, HE3BKAIOUN Ha TE, IO PIBEHb BHIAPOBYBAHHS METATy 3QJICKHUTH 1 BiJ
IUTOILI TMOBEPXHi 3BapIOBANbHOI BaHHM, KUIBKICTh BHUKHIIB ITapH METAIy 3a MEXi
IYTH, TOJIOBHAM YWMHOM, BU3HAYA€THCA TTMOWHOIO 11 3aHYpEHHs y 3BaplOBalbHY
BaHHY, fKa 3aJISKUThH Bijl TIIMOWHH TMPOIUIABIEHHS OCHOBHOTO MeTanmy. | nmmbuHa
MPOIUTABJIEHHS, CBOEI0 YEProro, 3aJISKUTh BiJ THCKY Ha ITOBEPXHIO 3BapIOBAIBHOL
BaHHHM TUIA3MOBHX MOTOKIB 1 MOTOKY Mapy MeTaly, sIKi BUTICHSIOTh PiKUH MeTan 3-
IiJ] OCHOBU CTOBIA TyTd. 31 3pOCTaHHSIM 3BapIOBAIGHOTO CTPYMY IIiIBHIY€ETHCS
THUCK JIyTH Ta 301IbIIYETHCS ITMONHA rporriaBiaeHHs. [Ipu oMy 3BaproBaibHa ayTa
3arMMONIIOETHCSl Y BaHHY; Mapu METajly MEepeHOCATHCS 3 eJIeKTpoJa Ha OCHOBHUI
MeTaj yepe3 IyroBUH TNPOMDKOK, 3allOBHEHHH MapaMH METaly, 1 MepeBa)kKHO
KOHJICHCYIOThCS Ha OCHOBHOMY MeTani. He3HauHa yacTMHA mapy BHHOCHTBECS 3
BaHHH Yepe3 MPOMDKOK MIXK eJIEKTPOJOM 1 BAHHOIO B HABKOJIMIIHIO aTMocdepy [2].

BcranosieHo, 1m0 iHTEHCHBHE MPOIUIABICHHS OCHOBHOTO METally MOYNHAETHCS
3a MOTYXHOCTI xyru mpudim3Ho 12,3 kBT i 3akinuyeTses npu 14,4 kBt. [lomanpme
MiJBUIICHHS TOTYXHOCTI 3aHYpEHOI IyTH CHpHUsie BXKe 30UTBIICHHIO 00CITY
MPOTUIABJICHHS BHACIIOK TAPHOTO KOHTAKTY AYTU 3 OCHOBHUM METAJIOM 1 BUCOKOT
TEIUIOBIJ a4yl IIhbOMY METaly, a OTKe, — 1 BHUXOAy MapH i3 00'eMy IUIaBUIHHOTO
MIPOCTOPY, IO 301IBIIY€EThCS, 3a Horo Mexi (y moBitps). Ilpu oMy IHTEHCHBHICTh
yTBOpeHHsI 3A 3HOBY MOYHMHAE JEMo 30uIbInyBatucs (auB. puc. 2, 8). s npotis
niametpom 1,6...2,0 MM MiHIMaJbHI BUAUICHHS BiJ3HAYAHOTHCS 32 MOTYKHOCTI TyT'H
14,0...16,0 kBr.

BuB4eHHs 3anexHOCTEH MUTOMOTO BUAUICHHS 3A BiJl pEKUMY 3BaplOBaHHSI
(muB. puc. 3, 8) cBiAUUTH MpO Te, IO LEH TirieHIYHUH TOKa3HHK, >KOPCTKO
MOB'SI3aHUI 3 IHTEHCHBHICTIO YTBOPEHHS 3A, — 3HIKYEThCS TIPH IIiABUINEHHI
3BapIOBAILHOTO CTPYMy, 30UTBIIEHHI MIMPUHY IBa 1 TIUOWHH TPOTLIABICHHS.
[MpuuomMy MakCHMMaIbHHI TEMIT 3MEHIICHHS MUTOMOIO BHJIJICHHS 3A BiJOBiIae
JUJISTHIN PI3KOTO 301UIBIICHHS TJIMOMHUA TMPOIUIABJICHHS OCHOBHOTO METaly y pasi
ITiIBUIICHHS 3BapIOBAIBHOTO CTPYMY (IUB. puc. 7, 8).

TakuMm 4MHOM, ICTOTHHMI BIUIMB Ha IHTEHCHUBHICTH yTBOpeHHs 3A mae dopma
3BapIOBAJIbHOI BaHHH (TJIMOMHA TPOIJIABICHHS OCHOBHOTO METaly), 0 BU3HAUYAE
piBeHb BHUMapoByBaHHS MeTany. lle HEoOXigHO BpaxoOBYBaTH I ONTHUMI3aIlii
TEXHOJIOTIYHUX TapaMeTpiB PEeKUMY 3BapIOBaHHS 3 METOI 3HIDKCHHS DiBHS
BUILIIEHD 3A.

Bucnoexu ma nepcnexmueu nooanbuiux 00CaiodHcens

[HTeHCHBHICTH yTBOpEHHS 3A TMijl 4ac 3BaplOBaHHS B 3aXMCHUX ra3ax IJIaBKUM
CJIEKTPOJIOM 3&JICKHTh BiJ] TMOTYKHOCTI 3BaprOBallbHOI JYI'H, XapakTepy
MEPEHECEHHs eNIEKTPOJHOIO MeTaly, CTyNeHs Horo po30pu3KyBaHHS 1 TTHOWHH
3aHYpEHHS JlyTH B METAJI, 110 3BapIOEThCS. 30IbIICHHST IHTEHCHBHOCTI YTBOPEHHSI
3A 3 miJBUINEHHSM 3BapIOBAILHOTO CTPYMY Ta HANPYTH JYTH CHOCTEPITacThes y
pa3i mepeHeceHH MeTaly 3 KOPOTKMMH 3aMHKaHHSAMH. 3 MEPEeX0AO0M JI0
KpaIIMHHOTO TepeHeceHHs 0e3 3aMHUKaHb AYrOBOIO MPOMIKKY IiHTEHCHBHICTb
yTBOpeHHS 3A NOYMHAE 3HWKYBATHCS 1 JIOCSATAE MIHIMyMY TIpH 3aHYPEHHI JIyTH Y
3BaplOBaJIbHY BaHHY. J{J1s1 KOXKHOTO JliaMeTpa 3BaplOBaIbHUX APOTiB iCHYIOTH MEBHI
3HAYEHHS 3BAPIOBAIBHUX CTPYMIB, 32 SIKMUX BUIUISIETHCS MaKCHMAJbHA KUJIBKICTbH
3A, Ta giamazoH cTpyMiB, mo 3abe3neuye MiHIMallbHY IHTCHCHUBHICTH YTBOPEHHS
3A. Tlpu 3BapioBaHHI Ha ONTUMAJLHHX PEXHMax piBeHb BWIINEHHS 3A
3MEHIIY€ETHCS MTiJ] Yac BUKOPUCTAHHS APOTiB MEHIIOTO JliaMeTpa.
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OtpuMaHi pe3ynbTaTH JOCTIDKEHh IIOKa3yloTh, SK TPABWIBHUNA BHOIp
3BapIOBANLHUX MaTepiajiB, 3aXUCHOIO Ta3y Ta MapaMeTpiB PeXKUMY 3BapIOBaHHS J1a€
MOXITMBICTh 3HIDKYBaTH pIBHI BHIUICHb IIKiAIMBUX pedoBHH. Lli pesymbrati
CIIPUATUMYTH  TOAAIBIIOMY  BJIOCKOHAJIEHHIO TEXHOJIOTIH  3BapiOBaHHSI  Ta
MOJIepHI3aIlil 3BapIOBaJIbHAX TEXHOJIOTIH, 10 O3BOJUTH TOMIIMIIIATH YMOBH TIpali y
3BaplOBAILHOMY BUPOOHHIITBI Ta 3HU3UTH MPOQECiiiHy 3aXBOPIOBAHICTb 3BAPHHKIB.
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THE CONCEPT OF ENVIRONMENTAL-INDUSTRIAL SAFETY:
FORMING A UNIFIED APPROACH

Abstract. The article provides a comprehensive study of the concept and structure
of the environmental-industrial safety system as an integrated model for managing
the impacts of industrial activities on the environment, workers’ health, and public
well-being. It analyses the evolution of scientific approaches to understanding
environmental-industrial safety, the connection of this concept with sustainable
development, integrated environmental permits (IEP), and international HES
(Health, Environment, Safety) systems. The necessity of a unified interdisciplinary
approach to managing environmental and industrial risks is substantiated.
Particular attention is paid to risk assessment methods within the HES framework,
mathematical modeling and computer simulation of hazardous processes, and the
development of a national risk management model that combines legal, technical,
organizational, and digital mechanisms. Conceptual foundations for building
Ukraine’s environmental-industrial safety system in the context of harmonization
with European directives and ESG requirements are proposed.

Key words: environmental-industrial safety, integrated environmental permit, HES
system, risk management, ecological simulation, sustainable development,
industrial ecology, safety digitalization.

€.€. Jlamko
KpemeHuyipkuii HallioHANEHUH yHiBepcuTeT iMeHi Muxaitna Octporpancskoro, Ykpaina

HOHATTA CUCTEMHU EKOJIOIO-BUPOBHHUYOI BE3NEKH:
®OPMYBAHHJ € IUHOI'O NIAXOAY

Anomauia. Y cmammi 300iCHEHO KOMNWIEKCHE OOCHIONCeHH NOHAMMA ma
CMPYKMypu CUCmeMu  eKoa020-6UupoOHUuYoi 6esneku sK iHmezsposanoi Mmooei
VAPAGUIHHA  GAUBAMU  NPOMUCIO8020 BUPOOHUYMBA HA  OOBKILISA, 300pP08 5
npayienuxie i Hacenenns. I[Ipoananizoeano po3eumox HAyKogux nioxodig 0o
PO3VMIHHSL CYMHOCMI eK0JI020-8UPOOHUYOT De3neKu, pO3Kpumo 36 30K yiei kameeopii
3 KOHYenyiamu cmano20 po36UmKy, iHmezpoeano2o 006Kineo2o 0ossony (1) ma
misicnapoonux cucmem HES (Health, Environment, Safety). Obipynmosano
HeoOXiOHICMb nepexody 00 €OUH020 THMEPOUCYUNTTHAPHO20 NIOX00Y V PopMySanHi
cucmemuy Ynpasiinta ekonoiuHumu ma eupoonuuumu pusuxamu. Ocobaugy yeazy
npuoineno memooam oyinKy pusuxie y pamxax cucmemu HES, mamemamuunomy ma
KOMR TOMEPHOMY MOOENIOBAHHIO HeDe3NeUHUX NPOYecis i PopMyBaHHIO HAYIOHATLHOL
MOOeni YNPABNIHHA PUSUKAMU, SIKA NOEOHYE NPABOGI, MEXHIUHI, OpeaHi3ayiuHi ma
yugposi mexanizmu. 3anponoHo8ano KOHYENMyaabHi 3acadu nodyoosu cucmemu
€K01020-8UpoOHUYOL be3neku YKpainu y Konmexcmi eapmMoHizayii 3 €6poneicLKumMu
oupexmusamu ma cyyacnumu eumozamu ESG-cmpameziii.

Knrwwuosi cnosa: exonozo-eupobrnuua besnexa, inmezpoeanuti 00SKLIESUL 0038L,
HES-cucmema, ynpagninnsa pusukamu, eKono2iune Mooen08anHs, CIanuii po3eumox,
NPOMUCTIO8A eKON02IA, Yupposizayis de3nexu.
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Beryn

CyuacHui eTanm pPO3BHUTKY MNPOMHCIOBOTO BHpPOOHHMITBA B YKpaiHi Ta CBITI
XapaKTepU3yEThCS TIEPEXO00M BiJl peCYypPCHO-BUCHAXKIMBUX MOJAETICH EKOHOMIKH /10
MapajurMA CTAJIOTO DPO3BHUTKY, J€ MPIOPHUTETOM CTa€ HE TUTBKA EKOHOMidHa
e(heKTUBHICTB, a i €KOJIOTIYHA 30aJIaHCOBAHICTh 1 Oe3IeKa MmpaIiiBHUKIB. B ymoBax
rubokoi TpanchopMarii MPOMUCIOBOTO KOMIUIEKCY YKpaiHU, BiAHOBICHHS MiCHs
BOEHHHMX pPYyHHYBaHb 1 MofepHizamii iHQpacTpyKTypu OCOOIMBOrO 3HAYEHHS
HaOyBae ¢popMyBaHHS e(heKTUBHOI CHCTEMH eKojIoro-BupooHm4oi 6e3neku (CEBB) —
SIK IHTETPOBAaHOI CHUCTEMU YINPABIIHHA EKOJIOTIYHUMHM, TEXHOJIOTIYHUMH,
BUPOOHUYMMHU Ta COIIAIbHUMH PU3UKaAMHU.

Y wMbkHapomHiii mpakTumi nomioHi cucremu Bimomi sk HES (Health,
Environment, Safety) a6o HSE (Health, Safety, Environment) [1]. Bouu
00’€THYIOTh TNPHUHIIMIIA OXOPOHHU Mpalli, TEXHOTeHHOI OE3MeKHu ¥ EKOJIOTiYyHOIro
MEHEJDKMEHTY Y €IMHY CTPYKTYpY YIpPaBIiHHS PH3HKaMHU. YKpaiHa, MOCTYIOBO
iMmeMenTyroun HopMu €C y cdepi MpOMHCIOBOI €KOJIOTii, HAOIMKAETHCA 0
3a3HAYEHOr0 TIAXOJYy, TMPOTE JOCI BIACYTHE UITKE METOAOJIOTIYHE Ta
TEPMIHOJIOTIYHE BHU3HAYEHHS CaMOi CHUCTEMH EKOJIOTO-BUPOOHHUOI Oe3MmeKu sk
IUJTICHOT KaTeropii.

OfHMM 13 KJIFOYOBUX CJICMEHTIB TaKOi CHCTEMHU € IHTEIPOBAHMH JIOBKULIEBUN
no3ein (I1J1) — mpaBoBuli MexaHI3M, SKH BU3HA4a€e JOMYCTHUMI PiBHI BILIMBIB
MIITPHEMCTBA Ha JOBKUIA 32 MPHHIMIIOM «OIWH 00’€KT — OJHMH M03BUI». Llei
IHCTpYMEHT, 3arpoBakeHui aupektuBamu €C, 30kpema upekrusoro 2010/75/€C
00 TPOMHCIOBUX BHUKHIIB, JIO3BOJSIE TOETHATH BUMOTH EKOJOTIYHOTO
3aKOHO/IaBCTBA, OXOPOHU MpAIli Ta TEXHOJOTIYHUX CTAaHAAPTIB y €IWHIA CHCTEMIi
KOHTPOIIIO [2].

OTmxe, cucTeMa eKOJIOro-BUpOOHWYOi Oe3leKkn — Il He TUTBKH CYKYIHICTh
TEeXHIYHUX H opraHi3aliiHiX 3aX0/iB, a i mapajurma BiIOBIIaIbHOrO YITPABIIiHHS
PHU3UKAMH, IO TPYHTYEThCS HA HAYKOBHX MPHUHIUIAX CHUCTEMHOrO aHami3y,
KOMIT'IOTEpHUX MOJieNieil, U(QPOBOTO MOHITOPUHTY, EKOJIOTIYHOTO IpaBa Ta
COILIIAJIbHOI BIJIIOBIIAJIBHOCTI Oi3HECY.

CohopmynroBatd €MHUN MiAXIA JO [BOTO MOHATTS — O03HAYAE CTBOPUTH
GbyHIaAMEHT A7 IepeXo.ly YKPaTHChKOT MPOMHUCIIOBOCTI 10 CYYaCHUX €BPOMCHCHKUX
CTaHIAPTIB €KOJIOTIYHOTO YIIPABIIiHHSA, IHTETPOBAHOTO KOHTPOJIIO, MOHITOPUHTY i
OIIIHKH PU3HKIB.

MeTta po6oTn

MeToro JOCIIHKEHHS € KOMIUIEKCHE JOCIIDKSHHSI IOHATTS Ta CTPYKTYPU CHCTEMHU
€KOJIOr0-BUPOOHUYOT OE3MeKn sIK IHTErpOBaHOT MOJIENI YINpPaBIiHHSA BIUIMBAMU
MPOMUCIIOBOTO BUPOOHMIITBA HA TOBKIJIIS, 340POB’ Sl MPAL[iBHUKIB 1 HACEJICHHS.

JlJis NOCATHEHHS 3a3HaY€HOT METH HeOOX1THO BUPIIIMTH TaKi 3aadi:

— MpOoaHANI3yBaTH TEOPETUKO-METOONOTIYHI 3acamy (GopMyBaHHS CHUCTEMH
€KOJIOTO-BHPOOHNYO1 Oe31eKH;

— BIOCKOHAIIUTH METOIU OLliHKH pu3uKiB y cuctemi HES;

— OOIpyHTYBaTH  BHUKOPHCTAHHS  MaTEMaTHMYHOI'O Ta  KOMIT IOTEPHOIO
MOJICTIFOBAHHS MPOIIECIB y CUCTEMI €KOJIOT0-BUPOOHIYOT Oe3MeKH;

— BUKOHATH CHWHTE3 eauHoro mimxony: interpamis [JIJ[, HES i uudposoro
MOHITOPHHTY.
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OcHOBHA YacTHHA

[onsaTTst «ekomoro-BupoOHmua Oe3neka» (EBB) ¢opmyeTrbess Ha mepeTuHi
JeKUIPKOX HAYKOBHX HAIIpAMiIB — €KOJIOTii, iHKeHepHOl1 Oe3MeKu, TirieHdu mpari,
TEXHOTeHHOI Oe3MeKH, EKOHOMIKH IPUPOJOKOPHUCTYBAHHS Ta COIIONOTii pr3uKy. Ha
BIIMiHY BiJl TPaIUIIMHOTO MiAXOAY IO OXOPOHHM IIparli 9d MPOMHCIIOBOI €KOJIOT],
CEBb po3srisinae BUpOOHHUIITBO Ta JOBKULIS AK €IWHY CHUCTEMY, € PU3UKHU IS
3I0POB’ s, TPUPOIM Ta TEXHOJIOTIYHUX MPOIIECIB B3aEMOIIOB’ I3aHi.

IcTopruno xontentiis EBB modana po3BuBatucs HampuKiHI XX CTOJITTS, KOJTH
BigOyJI0CS YCBIIOMJICHHS TOTO, 110 €KOJIOTIYHI HACHIJKH BUPOOHHUIITBA HE MOXKYTb
PO3TIIAAATHCS BiJOKPEMIICHO BiJl O€3MEKH MPALiBHUKIB i HACEICHHS HABKOJIUIIHIX
rpoMaz. B ocHOBI 1bOT0 MiAXOY JIEKUTH CUCTEMHE MUCIICHHS, SIKE IPYHTY€EThCS Ha
OPUHIMIT «CHCTEMH €KOJIOTiYHO-BUpPOOHMYO1 Oe3mekn». Ll cuctema BKIrOUYae
TEXHOJIOTIUHI TpOIEeCH, JIOJCH, MPUPOJHI KOMIIOHEHTH, MaTepialibHi pecypcH,
€HEepreTHYHI MOTOKH, iIHPOpMaIliifHi KaHAIH Ta COMiajbHi 3B’ A3KH, K B3aEMOMIIOTh
Y pealbHOMY Yaci.

PosBurok konneniyii EBB 3HauHOIO Mipo0 MOB’S3aHUI i3 MIKHApPOIHOO
cucremoro HES, sika chopmysanacs y 1970-1980-x pokax y HadhTOBHIOOYBHIH,
XIMIYHIH 1 eHepreTnuHiil mpomucioBocTi. Came Tomi Oyiio BHepine BH3HAHO, ITIO
yhOpaBiiHHS 0€3MEeKO0 Mpaili, NPOMUCIOBUMH pPH3HKAMHU ¥  EKOJIOTiYHUMHU
HaCIiAKaMH Ma€ 3iHCHIOBATUCH Y €IMHIN CUCTEMI, a He y BUIIIAI TPHOX OKPEMHUX
migpo3ainiB. ITocTymoBo s Moxens TpaHchopMyBasiacs y TJIOOQIBHI CTaHAAPTH —
ISO 14001 (exonoriunuii MmenemxkMenT), [ISO 45001 (oxopona mpaii) Ta ISO 31000
(YynpaBiiHHS pH3HKaMH), SIKi HA CBOTOAHI (OPMYIOTh OCHOBY JIJIsl CHCTEMH €KOJIOTO-
BUPOOHUYOT Oe3reku y OiIbIIOCTI PO3BUHEHUX KpaiH.

B Vkpaini 10 cboroiHi He icCHy€ €AMHOIO HOPMATUBHOI'O BU3HAUEHHS 3a3HAYEHOT
kareropii. Ha ocHOBiI cuHTe3y BimomMux miaxojiB [3, 4] NPONMOHYEThCS TaKe
aBTOpchKe BH3HaueHHS: «CuHcTeMa eKOJIOro-BUpOOHHMUOi Oe3nmeku —  1ie
OaraTtopiBHEBa IHTEIPOBaHa CUCTEMa JEP>KaBHOTO, KOPIOPATUBHOT'O Ta CYCIIJIBHOTO
yIpaBIiHHSA, CHOPSIMOBaHA Ha TPOrHO3YBaHHS, 3amo0iraHHsS Ta MiHIMI3alliio
HETaTUBHOTO BIUIMBY POMHCIIOBOI JIISUTGHOCTI Ha JIIOJUHY Ta JAOBKIJUIS HUISTXOM
3aCTOCYBaHHS PUHLMUIIB CTAJIOTO PO3BUTKY, IHTETPOBAHOTO PHU3UK-MEHEIXMEHTY,
IHHOBAIIMHUX TEXHOJOTiH 1 UU(POBOTO MOHITOPUHTY». Take BH3HAUEHHS
BiZloOpaka€e He TUTBKU CTPYKTYPHY CKIIaIHICTh CUCTEMH, a H ii TUHaMIuHy CyTHICTB —
EBB sk mporiec ocTifHOTO BJOCKOHAJIEHHS Ta HABYaHHSI.

OCHOBHI TIPHHIIUITY cucTeMHOro miaxony 1o EBB BrirodaroTs:

1) InTerpoBanicth — 00’€JJHAHHS TEXHIYHUX, EKOJIOTIYHUX, COIIaNbHUX 1
MPaBOBHX ACIEKTIB Y €JJMHY CUCTEMY yIPABIiHHSL.

2) IlpeBeHTHBHICTh — Opi€HTAllisI HA MOMEPEPKEHHSI PU3MKIB, a HE TIJIBKH Ha
JIKBIALII0 HACTIIKIB.

3) ItepaTuBHICTh 1 aJaNTHBHICTL — Oe3NepepBHE BJOCKOHAICHHS CHCTEMH
LUISIXOM MOHITOPHHTY, aHaIIi3y, HM(poBi3alii Ta HaBYaHHS.

4) Ilpo3opicTe 1 BIOKPUTICTH AAaHUX — JAOCTYNl TPOMAACBKOCTI W oOpraHiB
JIep>KaBHOI Ta MICIIEBOI Biagu 10 iH(opmamii 040 BIUIMBIB MiAMPHEMCTB Ha
JOBKIJUIAL.

5) BinnoBinanpHICT 1 cTanuii PO3BUTOK — MOETHAHHS €KOHOMIYHUX 1HTEPECIB
BUPOOHHIITBA 3 €KOJIOTTYHUMHU OOMEKEHHSIMH Ta COLIaIbHUMHU I{IHHOCTSAMHU.
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Metononoriuno CEBB peanizyersest nuisxom nukiny PDCA (Plan-Do-Check-
Act), 3aM03UYEHOT0 13 CUCTEM MEHEIDKMEHTY SIKOCTi, IO J03BOJISE 3a0e3MeUnTH
MocTiliHEe BIOCKOHAICHHS MIPOIIECiB YIIPAaBIiHHA PU3UKaMH. Y MEXKax bOTO [HUKITY:

—Ha erani muanyBaHHs (Plan) BM3HawaroThCs Kepena pHU3WKIB, IMapameTpu
MOHITOPHHTY, HOPMAaTHBHI OOMEKCHHS;

—Ha erani BukoHaHHS (Do) BHpOBaIKYIOTbCS TEXHIYHI, OprafizauidHi
€KOJIOT1YHI 3aX0/IH;

—Ha etani koHTpoiio (Check) 3miCHIOETHCS OIIHKA pe3yJIbTaTIiB, ayIUT, aHAI3
JaHUX;

—Ha erani Kopekuii (Act) — OHOBJIEHHS MOJITHK, IHCTPYKIIH, TEXHOIOTTYHUX
pileHs BiAMOBIAHO 0 PE3yIBTATIB aHAII3Y.

[HTerpoBanuii JOBKIJUIEBHIA J0O3B1T — Lie KIIOYOBUI MPAaBOBUH IHCTPYMEHT, SIKUI
3a0e3neuye (GopMyBaHHS €IMHOTO PETYJIATOPHOTO TOJS JUIS BCIX AaCIEKTIB
eKOJIOriuHOi Oe3MeKM MiJmpHeMCTBA. VIOro CyTHICTb MOJSrae y BCTAHOBICHHI
IPAaHUYHO AOMYCTHMMHUX BIUIMBIB Ha NOBKULISI HAa OCHOBI HNPUHLMITY HaHKpaIHUX
noctynaux Texnonoriit (BAT — Best Available Techniques).

IJ1/] 3abe3meuye B3a€MO3B’ 30K MiXK HOPMATHBHUMH aKTaMH y Tally3l OXOpOHHU
aTMOC(EPHOTO TIOBITPS, BOAHUX PECYPCiB, MOBOKCHHS 3 BIAXOIAaMH, XiMI4HOI
Oesmeku i oxopoHu mpaii. Ha mpakTuni me o3Havae, M0 MiAMPUEMCTBO OTPHUMYE
€JIMHUHN J03B1I, IKUH OXOILUTIOE BCI ACIICKTH MOT0 JISUTBHOCTI, @ HE OKPEeMI JI03BOJIU
IUIl KOXKHOTO BHAY BIUIMBY. Lle cyTTeBO cmpollye agMiHiCTpyBaHHS, IMiABHIIYE
MPO30PICTh 1 JO3BOJISE ACPHKaB1 3MIHCHIOBATH IHTETPOBAHUI MOHITOPHHT.

Huns CEBB IJIJl € 6a30BMM KOMITOHEHTOM, SIKHI 3a/la€ HOPMaTHBHO-IIPABOBI
pamMKy pHU3UK-MeHeKMeHTy. Came Ha WOro OCHOBI (POPMYIOTBCS EKOJOTiuHi
IHAVKATOPH, BUMOTH JI0 MOHITOPHHTY, KPUTEpii JJIs OIIHKA Pe3yJIbTaTUBHOCTI
3axoniB HES. Otxke, iHTerpoBaHMA JOBKIJUIEBUH JIO3BIJ CTa€ IOPUINYHHM SIPOM
THTETPOBAHOT CHCTEMH €KOJIOTO-BUPOOHUYIOT OE3MEKH.

Cucrema HES € koHIENTyanmpHOI MOJEIUIIO, SKa TOETHYE TPH KIFOYOBI
CKJIAJIOBI:

—health (3m0poB’s) — 3axucT mpamiBHUKIB BiJl HeOe3neyHux (akTopiB
BUPOOHUYOTO CEPEAOBUILA;

— environment (JOBKIUJUIA) — 3MEHIICHHS HEFATUBHOTO BIUIMBY HA MPUPOAY;

—safety (Oesmexka) — 3amoOiraHHs aBapisM, IIOXKeXaM, TEXHOTCHHUM
KaracTpodam.

VY xonrexcti EBB 3a3HaueHi eneMeHTH iHTErpylOThCs Y €AMHY OaraTopiBHEBY
cHCTeMY YIpaBJIiHHS, sIKa BKIIOYAE:

— CTpaTeriyHuil piBeHb — TIONITHKA CTAJIOTO PO3BHUTKY mignpueMcTa, ESG-
3000B’s13aHHS, KOPIIOPAaTHBHA 3BITHICTB;

— TakTU4HUH piBeHb — ctangaaptu [SO, [J1/1, BHYyTpilIHI periaMeHTH, mporpamMu
MOHITOPHUHTY;

— omepaliiHuil piBeHb — KOHKPETHI TEXHOJOTIYHI HPOLECH, TEeXHIYHUN
KOHTPOJIb, Aii NEpCOHAIY.

BaxumBo, mo cyvacHi cuctemu HES mocTynmoBo gomoBHIOIOTHECS UG POBUMHU
texHonorismu — HES 4.0, siki BKiIt04aloTh aBTOMAaTH30BaHI CEHCOPHI MEPEexi,
LITYYHUH 1HTEIEKT 7151 IPOTHO3YBAHHS aBapiid, HU¢POBi ABIHHUKY BUPOOHUITB,
SIKI JTO3BOJISIIOTH IPOBOJUTU MOJICIIOBAHHS CIIEHApIiB HeOe3leK y peajbHOMY
yaci [5].
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Pu3uk y KOHTEKCTI €K0JI0T0-BUPOOHHYIOT OE3MTeKH BU3HAYAETRCS K IMOBIPHICTh
HaCTaHHS HeOa)KaHOI MOJii, MOMHOXEHA HAa TSDKKICTh 11 HACHIAKIB IS 3710pOB’S
JIIOAMHY, TOBKUIJIS YK TEXHOJIOT1UHOTO mpotecy. Llei miaxin moeanye iiMoBipHicHY,
E€KOHOMIYHY 1 eKOJIOTIYHY 1HTepIIpeTallii pu3uKy, 0 pOOUTh HOTO YHIBEpCATEHUM
TTOKa3HUKOM edekTuBHOCTI cuctemMu HES.

3rigHo 3 MibkHapogHumu ctangaptamu [SO 31000 (ympaBmiHHA pU3UKaMu) U
ISO 45001 (oxopoHa mparii), yIpaBIiHHSI PU3UKaMHU — 1€ CHCTEMaTHYHUI MpoIiec
BUSIBJICHHSI, aHATI3Y, OIIIHKH Ta KOHTPOJTIO PU3HKIB 13 METOIO MiHIMI3aIii ko u abo
11 IONIEPENKEHHS.

VY cuctemi HES nieit npouec mae Tpu BUumipu:

— MIOACHKUH (3aXUCT MEPCOHAITY, IICHXO0(1310JI0TIYHA HAMIHHICTB);

— TeXHIYHHUN (HaIHHICTh TEXHOJIOTH, 00JIaTHAHHS, EHEPTOCUCTEM );

— CKOJIOTIYHMH (CTIHKICTh MPUPOTHOTO CEPEIOBHIIA IO TEXHOTCHHUX BILTUBIB).

CxitagoBa pusnky EBbB Mae OyTH KiTbKiCHO OILIIHEHOO, 11O J03BOJISE CTBOPUTH
CIIILHY MOBY VIPABIIHHS IS 1H)KCHEPIB, C€KOJIOTiB, €KOHOMICTIB, IOPHCTIB i
MeHepkepiB. Lle ocoOimBO BakiMBO 1 iHTerpoBanux cuctem tumy HES, ne
YIIPaBIiHHS PU3UKAMH CTA€ SAPOM IHTEPAUCITUILTIHAPHOT B3a€MO/II.

Mertoaum orinku pu3nkiB y cucteMi HES moninstoThbest Ha sIKiCHI, HaIMi BKUTBKICHI
Ta KinbKicHi. Ix BuGip 3a1ekuTh Bijf Ty HeGe3MeKH, JOCTYIHOCTI JaHHUX, PiBHS
HEBU3HAYEHOCTI Ta L1IJIEN JOCIIKEHHS.

MareMaTHdHe MOJICIIOBAHHS € OCHOBHHM I1HCTPYMEHTOM KUTBKICHOI OIIHKH
pusukiB y cuctemi HES. Moro cyTs monsrae y BusHaueHHi (yHKIi# iMOBipHOCTI
HACTaHHs TMOJiH, IHTEHCHBHOCTI BiIMOB, PO3MOiTy HEOE3MEYHUX KOHIICHTpALii
IIKiJUTMBAX PEYOBHH TOIIIO.

Jy1s BUpOOHUYMX CHUCTEM JIONUITFHO 3aCTOCOBYBAaTH OaraTopakTopHi MOJENi, SKi
BPaxOBYIOTh OJHOYACHO JICKIJIbKa TPYIl PU3UKIB:

R=f(E,T,H,S), (1)

ne E — ekosoriuni (akrtopu (BUKHIM, 3a0pyAHEHHS, KIiIMaTW4Hi BIUIMBH), 1 —
TeXHIYHi (3HOC 001aTHAHHS, BiJIMOBH CHCTEM ), H — TIOJCHKI (ITOBEIIHKOBI ITIOMHUJIKH,
piBeHb HaBYaHHS), S — coLiaJpHO-OpraHi3auiifiHi (cucrema ympaBiiHHS, KyJIbTypa
Oe3rmekn).

Koxen i3 nux mapaMeTpiB Moxke OyTH TOAaHMNA dYepe3 MiJAMHOXHUHY
CTaTUCTUYHUX 3MIHHUX, 1110 JO3BOJISAE TOOYIyBaTH MyJIbTHAr€HTHY MOZEIb PU3UKY.
Jnst CKIagHUX CHCTEM — TaKHX SIK TipHHYOAO0OYyBHI KOMOIHATH, METalypriiHi
3aBOaM a00 CHepPreTH4Hi OJIOKK — BHKOPHCTOBYIOThCS MeToiau Monre-Kapiio,
BaeciBcbkoro ananizy, HEHPOHHUX MEPEX, AKi T03BOJIIIOTH IPOTHO3YBATH PU3UKH
3a BEJINKOI KUTBKOCTI HEBU3HAUYEHOCTEM.

Y CEBB po3pi3HSIOTh [Ba OCHOBHHX KJIACH PH3HMKIB — €KOJOTIYHI (BIUIMBU Ha
JOBK1JUIS) Ta BUPOOHUYI (PH3HKH JUISI IPALiBHUKIB 1 TEXHOJIOT1H). X04a BOHH MalOTh
pi3HY IpUpPOAY, METOAU IXHBOTO aHANi3y B3a€EMOIIOB’ sI3aHi.

Exonoriuamii pu3MK BU3HAYAETHCS SK IMOBIPHICTH TOTO, IO BIUIUB
BUPOOHUYUX MPOIIECIB MEPEBUIIUTH TPAHUYHO JOIYCTHMI HOPMH, CITPHYMHHUBIIT
Jerpajalilo eKOCUCTEMH YW IIKOAY 3JI0pOB’I0 mpauiBHUKa. /g iloro omiHku
BUKOPHCTOBYIOTh: MOJIeJIi IOMIMPEHHS 3a0pyAHIOI0UNX PEUOBHH Y TIOBITPI Ta BOJI
(TaycoBi Ta amcriepciiiHi MoOJieNi); pO3paxyHOK 30H Ypa)KCHHs ITiJl 4ac aBapiit
(monmeni CFD); ingukatopHi cuctemu (HampwKiaad, IHAEKC EKOJOTidHOT
HeOe3neku — EHI).
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BupoOHuumii pu3uK TOB’S3aHWMA 13 TEXHIYHHAMH BiJIMOBAaMH, ITOKEKAMU,
BUOYXaMHu, TPaBMyBaHHAMHU IHepcoHany. Moro amamis mepembadae: BH3HAYCHHS
4acTOTH HeOEe3MeUHHX MoiH (4, BIIMOB/TO/); MOOYAOBY CLEHAPiiB PO3BUTKY aBapii
(mepeBa moziit); po3paxyHOK iHTETpambHOTO Koe(illieHTa PU3UKY Rins, IO TOETHYE
JacTOTY Ta TSDKKICTh TOJIi.

BripoBajkeHHs pe3ybTaTiB OLIHKY PU3UKY Y MIPAKTHKY 3A1HCHIOETHCS IUITXOM
Risk-Based Thinking — xoHmemnmii, 3a SKOM BCi YIpPaBIIHCHKI pIIIEHHS
MIPUAMAIOTBCSI 3 yYpaxyBaHHSIM PH3UKIB 1 MOXKIHUBOCTEeH. lle BmMarae moOymoBm
kaptu pusukiB (Risk Map) mignpueMcTBa 3 NOJIIOM 3a KaTeropisiMu — CTpaTeTivHi,
TEXHOJIOTI4HI, €KOJIOTI4Hi, COiabHi, iHQOopMaIliiHi.

Or1iHKa pHU3HUKIB € KIIOYOBUM €JIEMEHTOM Y ITOOYIOBI iHTETpOBaHOI CHCTEMH
ynpasninas tuny HES. YV Mexax iHTerpoBaHOro JOBKIJUIEBOTO J03BOJYy BOHA
BUKOPUCTOBYETHCS IS

— BU3HAYCHHS TPAaHUYHO JOMYCTUMUX TeXHONoriyHuX mapameTpiB (BAT-AELs —
emission levels);

— OOTPYHTYBaHHS IUIaHIB €KOJIOTIYHOTO MOHITOPHHTY;

— BHOOPY METO/IiB KOHTPOIIIO aBapiiiHUX CUTYaIlili;

— (¢opmyBanHS 3BiTHOCTI 3a mpuHIHIIOM Risk-Based Compliance.

Ha mpakrtuni ne o3Havae, IO MiANPUEMCTBO MAa€ HE TiIBKU 3aJieKiapyBaTH
JOTPUMAaHHS HOPM, a i KUIbKICHO TOBECTH MPUHHATHICTh PU3UKIB IJIs1 TOBKLLIS Ta
3nopoB’s. Y €C momiOHi BuMoru 3akpimieni y mupekruBax IPPC (Integrated
Pollution Prevention and Control) # IED (Industrial Emissions Directive) [6, 2].
B Ykpaini medi migxix TMOCTYNMOBO iMIUIEMEHTyeThcs uyepe3 3akoH «lIpo
IHTeTpOBaHUH NOBKUJLUIEBUH 103BUM» (2022 p.) 1 BiAMOBIHI MiA3aKOHHI aKTH [7].

OTxe, METONIM OLIIHKHN PU3UKIB € cepueBnHO0 cuctemu HES, sxa 3abe3neuye
Mepexil BiJi JCKIApaTUBHOTO JIO aHAJIITUYHOrO YyIpaBliHHS Oe3nekow. Lle
JI03BOJISIE CTBOPIOBATH aJalTUBHI MOJIEIi YIPABIiHHS, J¢ PIlICHHS IPYHTYIOTHCS
Ha JIaHWX, TIPOTHO3aX i MU(PPOBOMY MOHITOPHHTY, a HE TIIBKH Ha (HOpPMaTbHUX
Mpoleaypax.

[ToOymoBa eheKTUBHOI CHUCTEMH €KOJIOTO-BUPOOHHUOI Oe3leku MoTpedye
HAyKOBO OOIPYHTOBaHOI OCHOBU Il aHajli3y, MPOTHO3YBaHHA W yNpaBIiHHI
pusukamu. OfHUM 13 KIIIOUOBHMX 1HCTPYMEHTIB, IO 3a0e3Ieuye Taky OCHOBY, €
MaTeMaTHYHE Ta KOMIT I0TEpHE MOJICTIOBAHHS, SIKE JI03BOJISIE BiITBOPUTH TUHAMIKY
CKJIaJHUX IPHUPOAHO-TEXHOTEHHUX CHCTEM, OLIHUTH TOBEAIHKY HEOE3NeYHHX
MIPOIIECIB 1 pO3POOUTH ONITUMAITBHI CTpPATETIi pearyBaHHS.

MatematuyHe MO7EIOBaHHS Yy KOHTeKcTI EBB rpyHTyeThCsS Ha cHCTEMHOMY
MiAXO0/1, SIKUH Po3riisiiac BUPOOHUIITBO, JOBKILIS Ta JIIOJUHY SK B3a€MOIIOB’ sI3aHi
MiCUCTEMU €IWHOI COLIO-TEXHO-NPUPOIHOi cucteMu. Lle mae 3Mory He TijIbKH
onucyBaTH (Pi3UKO-XIMIYHI MPOIECH Y CEPEJOBUIII, a i ypaXxoBYBaTH COIialIbHO-
€KOHOMIYHI HACITIZIKK 1 YIIPaBIIHCHKI PIllICHHS, K1 BIUIMBAIOTh HA PIBEHb PU3UKY.

MareMaTHyHe MOAETIOBAHHS MIPOLECIB Y CUCTEMI €KOJIOT0-BUPOOHHYOT Oe3MeKn
CIHMPAEThCSI HAa PIBHSHHS HENEPEepBHOCTI, PyXy, €Heprii Ta MacooOMiHy, sKi
BiJJOOpakaroTh TIOBEIIHKY PEYOBHHHU y MpocTopi Ta 4aci. Lli piBHAHHS OMUCYIOTH
3aKOHOMIPHOCTI yTBOPEHHS, MONIMPEHHS Ta PO3CIFOBAHHS UIKIJUTMBUX PEYOBHH, a
TAKOXX B3a€EMOJII0 TEXHOICHHUX (AKTOpIiB 13 NPUPOIHUMH KOMIOHEHTAMH
CepeJIoBHIIA.

JJ1st KUTbKiCHOT'O OMHCY PU3HKIB 3aCTOCOBYIOTHCS MOJIET IETEPMiHICTHYHOTO Ta
CTOXaCTHYHOTO THIIB. JleTepMiHICTUYHI MOAENI [JO3BOJAIOTH  OTPUMATH
MPOTHOCTHYHI cleHapii 3a BIIOMHMX BHXIIHUX MapaMeTpiB, TOAI SK CTOXaCTHYHI
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BPAaxXOBYIOTh HEBM3HAUEHICTh MPOIECIB i WMOBIpHICHHMII XapakTep momiil. Ix
noeqHaHH: 3a0e3Medye KOMIUIEKCHY OLIHKY HaiiHOCTI BUPOOHUYOI cucTeMu Ta ii
BIUIMBY Ha JIOBKIJIJIS.

Komrmr’rotepHi TexHojorii obumcmoBanbHOI TigpoawmHamiku (Computational
Fluid Dynamics, CFD) cramn omHuM 13 HaWKpammx IHCTPYMEHTIB CYyYacHOI
eKoJioriuHoi imkeHepii [8]. BoHM 103BOJSIOTH pO3paxoBYyBaTH MapaMETpH PyXy
ra3oBUX 1 PIAUHHUX TOTOKIB Y CKJIAJHUX TE€OMETPIisiX, MOJENOBATH TOIITHUPEHHS
JIOMIIIIOK Y TIOBITpPi, BOJII UM TPYHTI, BPaXOBYIOUH TYpPOYJICHTHICTh, TEMIIEpaTypHi
TpafieHTH, BIUTUB penbedy i apXiTeKTypu NpoOMHUCIOBUX criopyx [9—-11].

Y CEBbB CFD-mozeni BUKOHYIOTh KilbKa (DyHKIIIH:

—OLIHKY 30H MOTEHLIMHOr0 IEpPEeBUILIEHHS TPAaHUYHO  JOIyCTUMHX
KOHIICHTpAIlii;

— aHaJi3 e()eKTUBHOCTI BEHTWIALIHHUX 1 TUIIOOCAKYBAILHUX CUCTEM;

— IPOTHO3YBAaHHS HACIIIKIB aBapiifHIX BUKUIIB 1 MTOXKEK;

— BaJIigaIio JaHUX eKOJOTIYHOTO MOHITOPHHTY.

Orxe, CFD-anani3 crae CKJIaf0BOIO MPOAKTHBHOTO YIPABJIiHHS 0E€3IEKOI0, 110
JI03BOJISIE pearyBaTy Ha MOXKJIMBI 3arpo3H i€ A0 IXHbOI0 BUHUKHEHHSL.

CyvacHuii HampsM ITU¢POBi3aIlii Oe3MeKH peami3yeThes dYepe3 KOHIIEIIIIo
uudpooro agiitauka (Digital Twin) — BipTyanbHoi KoITii BAPOOHUYIOTO 00’ €KTA, 1110
BiJIoOpakae MOro MOTOYHUI CTaH Y PEXKUMI pealibHOTO Yacy.

[Toennanns mudpoBoro ABiitHUKA 3 MomenssMu pu3uKiB, CFD-po3paxyHKkaMu Ta
cUCTeMaMHd MOHITOPHHTY CTBOPIOE HOBY Mapaaurmy ynpasminHs EBB -
IHTETIEeKTyallbHy CHCTEMY CaMOHABYAILHOTO YIIpaBIiHHS pusukamu. Lle 3abe3neuye
Oe3nepepBHE BJOCKOHAIEHHS MTpolieciB 3a nmpuanuinoM PDCA, minBuiyodn piBeHb
HaJIHHOCTI, TPO30POCTi i aAANTUBHOCTI CUCTEMH.

[MoOynoBa €aMHOTO MiIXOAY JO YIPABIIHHS €KOJIOTO-BUPOOHUUOI OE3MeKor0
IPYHTYETHCSL HA HEOOXiTHOCTI MO€EIHAHHS TPhOX CHCTEMHHUX DPiBHIB: HOPMAaTHBHO-
MmpaBoBOrO (iHTETpOBaHWIA JOBKULIEBHH 103BiN), ympasmiacbkoro (Health,
Environment, Safety) i TexHoioriuHOro (IMQpPOBI IHCTPYMEHTH MOHITOPUHTY Ta
MOJICITIOBAHHS ).

Taka iHTerpamis JO3BOJISIE YCYHYTH PO3PHB MiX PEryJISTOPHHUMH BHUMOTaMH,
MPAaKTUYHUM YNPaBJIiHHIM PU3MKaMH Ta peaJbHUMH TEXHIYHUMH MpolecaMH Ha
MiAMPHUEMCTBAX.

InTrerpoBana cucrema €KOJOro-BHPOOHHMYOI O€3MEKH Mae TPUPIBHEBY
aApXITEKTYPY:

1) Hopmatusauii pisens (I1/]) — ¢popmye 6a30Bi exonoriuHi BUMOTH, KpUTEPii
Halikpamux noctynHux TexHojoriid (BAT), Bu3Hauae Mexi BUKHIIB 1 CTAaHJIAPTH
3BITHOCTI.

2) Yupaenincekuii pieerb (HES) — 3a0e3neuye peaizaifito NpUHLIKIIB PU3UK-
OpIEHTOBAHOTO MEHEKMEHTY BiJIIOBIIHO 10 MibKHapoaHux ctanaaptis ISO 14001,
ISO 45001, ISO 31000, a TakoX BKJIIOYAa€E MEXaHi3MH BHYTPIIIHBOTO ayIUTY,
MOHITOPHHTY Ta HaBUYAHHS IEPCOHAITY.

3) Hudposuii piBeHb — 3a0€31eUye aBTOMATH30BAHUH MOHITOPHMHT, aHAJIITHKY
JaHUX 1 MATPUMKY NPUAHSTTS PillIeHb 3a JOMOMOTOI0 HU(PPOBUX ABIHHHUKIB, CHCTEM
SCADA i1 inctpymenTiB Big Data.

[MoeqnanHs TMX PIBHIB CTBOPIOE 3aMKHYTHH I[WKJ YIOPaBIiHHA — BiJ
ineHTu(ikamii PU3MKIB 1O KOPUTYBAJIBHUX Mdif 1 HOCTIHHOTO BIOCKOHAJICHHS
CHCTEMH.
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Peamizariss  iHTETpOBaHOTO TIAXOAY BiIOYBAEThCS MUIIXOM  IOETAITHOT
MOCJITOBHOCTI JIifA:

— imenTudikamis HeOe3nek i moOya0Ba KapT PU3HKY;

— KUTbKICHA OITiIHKAa PH3HMKIB 32 JOIOMOTOI0 MAaTEMATHYHUX 1 KOMII FOTEPHHX
MOJEIIeH;

— MOPIBHSHHS OTPUMAaHUX Pe3yJbTaTiB i3 HOpMaTUBHUMHE napamerpamu [J1J1;

— po3po0IIeHHS 1 yIpoBa/KEHHS YIIPaBIiHCHKUX 3ax0/1iB y pamkax HES;

— MOHITOPHHT e(heKTUBHOCTI Ai# i hopMyBaHHS 3BiTHOCTI 3a mpuHIUIIOM PDCA.

Otxe, cucTemMa Ha0yBa€ aJallTUBHOTO XapakTepy, 10 BMOYIIUBIIIOE ONIEPATHBHO
pearyBaTd Ha 3MiHY TEXHOJOTIYHMX yMOB 1 CTaHy IOBKULIS. BrpoBamkeHHS
IHTETPOBAHOTO ITiIXOTy CIIPHSIE T ABUIICHHIO ¢()eKTUBHOCTI YIIPABIIIHHS PU3UKAMH,
ONTUMi3alii BUTpAaT Ha EKOJOTIYHUA KOHTPOJIb, 3a0E3MEYEHHIO MPO30POCTi
3BITHOCTI Ta MiIBUIICHHIO TOBipH 3 OOKY perynsTopiB i rpoMaackkocti. KpiM Toro,
TaKka CHCTeMa CTBOPIOE MIATPYHTS JJs peanizaii koprnopaTuBHuX crpateridi ESG
(Environmental, Social, Governance), mo BiamoBimarTh LiIIM cTanoro po3BUTKY
OOH i BUMOTam €BpOMNEeHCHKOT0 EKOJIOTIYHOTO 3aKOHOIABCTBA.

BucHosknu

Cucrema eKoIoro-BHpOOHNYIO] OE3MEKH y CYYaCHOMY PO3YMiHHI € 1HTETpOBaHOO
0araTopiBHEBOIO CTPYKTYPOIO, SIKa MOEJHYE HOPMAaTHBHO-TIPABOBI, YIIPaBIiHCHKI Ta
TeXHONoriuHi iHcTpyMenTH. 1i edexTuBHe (YHKLIOHYBaHHS IPYHTYEThCS Ha
MIPUHIIATIAX CHCTEMHOCTI, MPEBEHTUBHOCTI, aaITUBHOCTI Ta MPO30POCTi.

VY pesynbraTi BHUKOHAHOTO KOMIUICKCHOTO JIOCHI/DKEHHS MOXKHa 3pOOHUTH
BHCHOBOK, MIO:

1) Exonoro-BupobHnya Oe3neka € HeBiJj' €MHOIO CKJIaJI0BOIO CTANIOTO0 PO3BUTKY
BUPOOHUIITBA, fKa 00’€qHye (YHKII yOpaBIiHHS PHU3UKaMH, EKOJOTIYHOTO
KOHTPOJIIO i OXOPOHH TIpAIli.

2) MaremaTn4yHe Ta KOMIT'IOTEpHE MOJICIIOBAHH CIIYTye YyHiBepCalbHUM
IHCTPYMEHTOM OIIIHKH PU3WKIB, IPOTHO3YBAaHHSA CIIEHapiiB HeOe3IeK 1 IuIaHyBaHHS
3ax0/1iB MiHIMi3allii BIUIUBY.

3) Interpauis [AJ], HES i uudpoBux TexHomoriii ¢opMye equHHN maxin 10
YOpaBIiHHS O€3MeKOl0, 3aCHOBAaHMK Ha Oe3NepepBHOMY IMKJI BIOCKOHAJIECHHS
PDCA.

4) 3anpoBakenHs nudposux ABiitHuKiB 1 CFD-Moaeneit y npakTHKy JJ03BOJISIE
MiJBUIIATA TOYHICTh OLIHKA PHU3WKIB 1 3HU3UTH PIBEHh HEBH3HAYEHOCTI Y
HOPUAHSTTI PillIEHb.

5) €nuHUA TAXIL A0 EeKOJOro-BUPOOHMYOT OE3MEeKH CTBOPIOE OCHOBY JUIS
rapMoHi3allii HalioHaJbHOI CUCTEMH YIPABIiHHA OE3MEKO0 3 €BPONEHCHKUMU
€KOJIOTTYHUMH AUPEKTHBAMH.

[Moganpmnii pPO3BUTOK MOCHIKEHHL Mae€ OyTH CIPSMOBaHWUN HAa CTBOPEHHS
THTETIEKTYalIbHUX CUCTEM YIPaBIiHHS PU3WKAMH, SIKI BUKOPUCTOBYIOTh IITYYHHH
1HTEJIeKT 1 MallMHHE HAaBYaHHS il Yac poOOTH 3 BETUKUMH MAaCUBaMM JAaHUX UL
MPOTHO3YBAHHS Ta MiHiMi3alii 3arpo3 y peXuMi peaqbHOro yacy.
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TECHNOLOGIES FOR CREATING INTELLIGENT RADAR LOCATION
AND TECHNICAL INTELLIGENCE SYSTEMS IN THE CONDITIONS
OF RADIO ELECTRONIC COUNTERMEASURES

Abstract. The work is devoted to solving the urgent scientific and applied problem
of creating intelligent radar and technical intelligence systems capable of operating
effectively in conditions of active electronic countermeasures, high signal density,
multi-beam propagation and targeted interference. The article considers a
comprehensive approach to building such systems based on the integration of
software-defined radio technologies (SDR), cognitive spectrum management
methods, adaptive signal processing and deep machine learning algorithms.

A multi-level architecture of an intelligent system is proposed, which includes a
sensor level of signal collection and pre-processing, an analytical level of spectral-
temporal analysis and classification, and a cognitive level of decision-making and
adaptation of work parameters. The application of neural network models for
automated detection of radiation types, reinforcement learning algorithms for
dynamic frequency resource management and multi-position methods for
localization of radio radiation sources using data fusion procedures is justified.

1t is shown that the integration of these technologies provides a significant increase
in the resistance of systems to broadband and pulsed interference, a decrease in the
reaction time to changes in the electronic environment, an increase in the accuracy
of signal classification and an increase in the reliability of determining the
coordinates of radiation sources. The results obtained form a scientific and
methodological basis for the creation of new generation technical intelligence
systems, oriented towards application in conditions of modern military and hybrid
threats.

Keywords: radar, technical intelligence, SDR, cognitive radio, electronic warfare,
neural networks, adaptive spectrum management, multi-position localization.

© O.M. Tpodumuyx, B.M. Tpucuiok, B.A. [I3106a, 2026

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



~ 134 ~

O.M. Tpodpumuyk, B.M. Tpuchniok, B.A. /[3100a

[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

TEXHOJIOT'Ti CTBOPEHHS IHTEJTEKTY AJIbBHUX CUCTEM
PAIIOJIOKAIII TA TEXHIYHOI PO3BIJIKH B YMOBAX
PAJIIOEJJEKTPOHHOI MPOTUTI

Anomauin. Pobomy npucesueno po3e’sa3anunio akmyaibHO20 HAYKOBO-NPUKIAOHO2O
3080aHHS CMBOPEHHSI [THMENEKMYANbHUX Ccucmem paodiolokayii ma mexHiyHol
PO36IOKU,  30amMHUX  epeKkmueHo  (YHKYyioHysamu 6  YMO8ax  aKmMueHoi
PAOioeNeKMpPOHHOT NPOMUOIL, BUCOKOI WIILHOCMI CUSHANIE, OA2aAMONPOMEHE8020
NOWUPEHHS. MA YLIeCNPAMOBAHUX NepeuKkod. Y cmammi po3enaHymo KOMNIeKCHUU
nioxio 00 noOyo08u MaxKux cucmem HA OCHOBI [HMe2payii NPoePAMHO-8USHAYEHUX
padiomexronoeiit (SDR), memooie koeHimueHo2o ynpasintsa CneKmpom, a0anmugHol
00pOOKU CUSHANIB MA ANOPUMMIE 2TUOOKO020 MAUUHHO20 HABUAHHSL.
3anpononosano 6azamopisnegy apximekmypy IHMeNeKmyanbHOI cucmemu, wo
BKIIFOUAE CEHCOPHULL PigeHb 300py Ma nonepeonboi 0OPOOKU CUSHATIB, AHANIMUYHULL
PiBeHb CNeKMPAIbHO-4AC08020 AHANIZY U KAACUQIKayii ma KOSHIMUGHUL DI6eHb
npuinamms  piwenb 1 adanmayii napamempie  pooomu. OOIPYHMOBAHO
3acmocyeanis Helpomepedicesux mooenell OJis agMmoMamu308aH020 GUAGIEHHA MUNI6
BUNPOMIHIOBAHHS, ANCOPUMMIE NIOKPINIIOBANbHO20 HABYAHHA O OUHAMIYHOZO
VIPAGNIHHA YACMOMHUM Pecypcom ma 0a2amonosuyiliHux Memooie JOKani3ayii
oorcepen padiogUnpOMIHIOBAHHSA 13 BUKOPUCIAHHAM NPOYeOyp 3MUMMs OAHUX.
THokaszano, wo inmezpayis 3a3HayeHux MexHoN02il 3a0e3neuye cymmese nio8uujer s
cmitikocmi cucmem 00 WUPOKOCMY208UX [ IMNYIbCHUX 34640, 3MEHUIeHHs uacy
peakyii Ha 3MIHY paodioeleKMpoHHOI 0OCMAHOBKU, NIOBUWEHHS MOYHOCHIE
Kaacugixayii cuenanie ma 3pocmanHs OOCMOBIPHOCMI GUIHAYEHHS. KOOPOUHAM
Oorcepen sunpomintoeants. Ompumari pezyivbmamu (popmyons HAYKO8O-MemoOUdHy
OCHO8Y Ol CMBOPEHHA cucmem MeXHIYHOI pO36IOKU HOB020 MNOKOJIHHA,
OPIEHMOBAHUX HA 3ACMOCYBANHS 8 YMOBAX CYUACHUX BOEHHUX i 2IOPUOHUX 3A2PO3.
Knwuosi cnoea: paodionoxayis, mexuiuna posgioka, SDR, koenimusue padio,
padioenekmpoHHa 6oOpomvoa, HeUPOHHI MepPediCi, A0anmueHe YRpaeiinHsi CHeKIMpoM,
bazamono3uyilina 10Kani3ayis.
https://doi.org/10.32347/2411-4049.2026.1.133-140

Beryn

CydacHUEl  PO3BHTOK 3aCO0IB  PaJiOCNEKTPOHHOI  OOpOTHOM, MOOLTBHHUX
nepeaaBaJbHUX KOMIUIEKCIB, OE3IMIOTHUX CHCTEM 1 MEpEeKEBUX CTPYKTYp
VIpaBIiHHS MPU3BIB JI0 ICTOTHOTO YCKJIaJHEHHS €JIEKTPOMArHITHOTO CEPEIOBHUINIA.
PagioyacToTHMI CHEKTp NEPEeTBOPUBCS Ha MPOCTIp aKTUBHOT'O MPOTHUCTOSHHS, €
MOPSA 13 KOPUCHUMHU CUTHAIAMU (DYHKLIOHYIOTh IIMPOKOCMYTOBI Ta By3bKOCMYTOBI
MEPENIKOIW, CUTHAIN MAacCKyBaHHS, PETPAHCISATOPU 3 JUHAMIYHOI Mepe0y0BO0
4acTOTH, & TAKOX 3acO0M iMiTallii Ta ae3indopMmariii.

VY Takux ymMoBax KJIaCH4YHI CHCTEMHM paliojioKalii Ta TEeXHIYHOI PO3BiJKH, IO
0a3yl0ThbcSl Ha CTATHYHUX AalTOPUTMax OOpOOJIEHHS CUTHANIB, JEMOHCTPYIOThH
oomexeHy edektuBHICTh. DikcOBaHI MOPOTOBI MPOIEIYPH BUSBICHHS CHUTHANIB,
TpaauLiiiHi METOAM MEeJIeHTallii Ta HeaJaTUBHI cXeMH QiIbTpalii He 3a0e31eYyI0Th
HEOOXIAHOTO PiBHS CTIMKOCTI MPH HHU3BKOMY CIiBBIAHOIIEHHI CHTHAN/IIYM 1 3a
HassBHOCTI aKTHBHOTO TOJaBICHHS [1].
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[ligBuIIeHHS BUMOT IO IIBHAKOMIII, aBTOHOMHOCTI, TOYHOCTI Kiacudikalii Ta
JIOKamizamii JpKepesl BHIIPOMIHIOBAHHS 3yMOBIIOE HEOOXITHICTH MEPEXOIy JO
IHTETIeKTyalIbHUX CHCTEM, 3/aTHHX 10 CAMOHABUYAHHS, aHaji3y BEJMKUX OOCSTiB
CHEeKTpaJbHOI iH(pOpMaIii Ta amanTHBHOTO YIMPAaBNIHHA MapaMeTpaMd BIIACHOL
pob6otu. Came MoeaHAHHS MPOTPAMHO-BH3HAYCHHUX PaiOTEXHOJIOTIH, alTrOpUTMIB
LITYYHOTO IHTENEKTY Ta KOTHITUBHOTO YIIPABIIHHS CIIEKTPOM CTBOPIOE IIEPEIyMOBH
Ut (hOpMyBaHHS CHCTEM HOBOTO ITOKOJIHHS.

AHaji3 ocraHHix gocaimkenb i myOaikauniii. Po3BuTok  KoHIEMmii
KOTHITUBHOTO Pajio MoB’s3aHuil i3 podoramu J. Mitola, sikuii 3anpomnoHyBaB ifeto
pazmiocucTeMy, 34aTHOI O CaMOYCBiJOMJICHHS CIIEKTPalIbHOTO CEPEAOBHILA, Ta
S. Haykin, skwii cdopMmynoBaB KOTHITHBHHHA WK axanTamii. [lomansmri
nocmimpkeHHst Zhou, Wang, Steyn, Pratt Oynm cmpsMoBaHi Ha 3acTOCYBaHHS
QITOPUTMIB MAIIMHHOTO HABYaHHS i1 JUHAMIYHOTO PO3MOJUTY CIEKTpa Ta
MIPOTHUIT TTePEITKOTaM.

Y cdepi Oararomo3umiiHO JIOKami3amii AaKTHBHO PO3BHBAIUCST METOIN
OLIIHIOBaHHSI CTaHy Ha OCHOBI (inbTpa KanMana, anroputmis tpuanrymsauii, TDOA
ta AOA, a TakoX MPOIEaypH 3IUTTS NaHuX [2, 3].

VYkpainceki Haykosmi, 3okpema O.M. IlomoB Ta C.B 3aiineB, mocmimkyBaiu
inTerpamiro SDR-TexHoOrN, anropuTMmiB Q-HaBYaHHS Ta HEHPOHHUX MEPEK y
3ajauax pagioOMOHITOPUHTY Ta YIPaBIiHHS YaCTOTHUM PECYPCOM.

Pazom 3 TuM, mpoOremMa KOMIUIEKCHOTO MOE€THAHHS KOTHITHBHOTO YIIPaBIiHHS,
rMOOKOT0 HaBUaHHS Ta O0araTomo3WIiHHOI JIOKamizalii B YMOBaX aKTHUBHOI
panioeneKTPOHHOI TPOTH Il MOTpedye cucTeMaTH3allii Ta pO3IUPEHHS.

Mera podotu. Metoro poOOTH € PO3pPOOJICHHS TEXHOJOTIYHUX IMPUHIIHITIB
CTBOPEHHS 1HTEIEKTYaIbHUX CHCTEM PaJioJIOKAIlii Ta TEXHIYHOT PO3BIJIKH, 3aTHUX
3a0e3MeYnTH aJanTHBHE BHSBICHHS, Kiacu(ikallilo Ta JIOKaNi3alliio JHKepes
PalioOBHIIPOMIHIOBAHHS B YMOBaX aKTHBHOI pa/lioeTIeKTPOHHOI OOPOTHOH.

O0'ekTOM JOCTIT:KEHHS € TIporiec 0araTOMO3WIIIAHOI JIOKami3amii JKeper
pamiocHrHaiiB i3 BHUKOPUCTAHHSIM THPOTPaMHO-KEPOBaHWX NpUAMadiB  Ta
HeHpOMepe)eBUX MOYJIIB Y CKIAHAX YMOBaX €JIEKTPOMArHiTHOTO CepeIOBUIIIA.

Buxkiaa ocHOBHOro MaTepiajty 10C/IiIKeHHs

CyuacHa iHTeJeKTyaJbHAa CHUCTEMa paliojioKalii Ta TEeXHIYHOi pO3BiAKH
PO3TISAAETRCS SIK CKJIaHa OaraTopiBHeBa iH(OpMaIiHO-TEXHIYHA CHCTEMa, IO
(YHKIIOHYE B yMOBaxX HEBH3HAYCHOCTI, 3aBajl Ta HABMUCHOTO BIUTUBY. OCHOBHOIO
0COOJIMBICTIO 3aMpONOHOBAHOTO TIJIXOMY € IHTerpais anapaTHO-IPOTPaMHUX
3aco0iB 300py CHTHaIiB i3 aIrOPUTMIYHMMH MOIYJSIMH aHaNi3y Ta NPUHHATTS
pillieHb, 110 J03BOJIIE 3a0e3le4YnTH Oe3[epepBHY ajamnTalliio 0 3MiH
PaaioeIeKTPOHHOT 00CTaHOBKH.

ADpXITEeKTYpHO cHucTeMa OyIayeTbcs 3a HNPUHLIMIIOM PO3MOMIICHOI Mepexi
CEHCOpiB, 00’€AHAHNX €IWHUM iH(opMamiiHUM TpocTopoM. CeHCOpHHH PiBEHb
3a0e3reuye IMUPOKOCMYTOBE CKaHYBaHHS CIIEKTpa Yy 33/IaHuX Jiala30Hax 4acTorT i3
BUKOPUCTAHHSIM TPOrpaMHO-BU3HAUYEHHX  pagiomonyiiB. ['Hyukicte SDR-
w1aT$opM A03BOJISIE 3MIHIOBATH MapaMeTpyu mpuidoMy, QinpTpaii Ta geMoysmii
0e3 (hizuuHol IepeOyI0BH arapaTypH, 1o 0COOIMBO BAKIMBO B yMOBaX YaCTOTHOTO
MaHEeBpYBaHHS MPOTHBHUKA.
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[TepBuHHa 00pOOKA CHUTHAIIIB BKIIOUAE TPOICAYPH HOpMalizamii, KoMIIeH Al
armapaTHUX TOXMOOK, YCYHEHHsS TIOCTiHHOi CKIaJoBOi, a TakoX (OpPMYBaHHS
CHEKTpaIbHO-4aCOBUX IpecTaBieHb. Ha npomy etarmi ¢popmyeTbes iHpopmaniiiHa
0a3a [ TOAATBIIIOTO 1HTEIEKTYaThbHOTO aHaJli3y.

AHaTITHYHUHA pIiBEHb CHCTEMH peali3y€e TJIIMOOKHHA aHaji3 CIEKTPAIbHUX
XapaKTePUCTUK CUTHANIB. 3aCTOCYBaHHS 3rOPTKOBHX HEMPOHHHUX MEPEXK J03BOJISIE
AaBTOMAaTH3yBaTH Tiporiec Kiacuikalii THIIB BHUIIPOMIHIOBaHHS, PpO3MI3HABATH
CUTHaJIHM pI3HOI MOXYJALIi, BHABIATH AaHOMAalbHI CTPYKTYpPH CIIEKTpa Ta
BiJOKpEMJTIIOBATH KOPHCHI CHTHalM BiAg mepewmkoj. BaxknmmBoro mepeBaroro
HEHpOMEepex eBOro MiAXOAY € 3JaTHICTh MOZEJ HaBUATHCS Ha BEJIMKHX MacHBaX
JaHUX 1 BHSBIATH NPHUXOBaHI 3aKOHOMIPHOCTI, HEAOCTYIHI U KIIACHYHHUX
QITOPUTMIB.

Oco0nuBa yBara MpHIUISIETHCA 3a/1a4l BUSBICHHS aKTUBHOTO MOJaBICHHS. [1Jis
ILOTO AHAJI3YIOTHCS CTATHCTHYHI XapaKTEePUCTHKU CIEKTpa, IMUPUHA CMYTH
MIEPEIKOAN, ii eHEepreTHYHUN PO3MOIiT Ta YacoBi OcoOMMBOCTI. [HTEenmeKTyanmbHi

MOIYyJi [O3BOJISIIOTH BU3HAYaTH THII 3aBaAd — LIYMOBY, iMIIYJIbCHY,
TICEBJIOBHUITAIKOBY a00 CHpsSMOBaHy — Ta aBTOMAaTHYHO (OPMYBATH CTPATETiIO
MIPOTHUAII.

KoruiTuBHHMI pIBEHh CHUCTEMH BIJIIOBIZa€ 3a NPUUHATTS pPINICHb MO0
nepeOyIOBM MapaMeTpiB pOOOTH. AJITOPUTMHU MMiKPIIUTIOBAILHOTO HaBYAHHS
(hopMyTOTh (DYHKIIIF0 KOPUCHOCTI JUIsI KOKHOTO MOYIIMBOTO YaCTOTHOTO Jiarma3oHy
3 ypaxyBaHHSIM DiBHA 3aBajl, cTabiIbHOCTI KaHaly Ta icTopii BUKOpHUCTaHHS [5].
CucremMa HakOIMYYy€e JOCBIJ, IO JO3BOJISIE 3MEHIIYBaTH Yac Peakilii Ha 3MiHy
00CTaHOBKHY Ta MiBUIYBAaTH €PEKTUBHICTh BUKOPUCTAHHS CIIEKTPA.

Bararomo3urtiitHa okamizaris JKepen pagaioBUIIPOMIHIOBAHHS pealli3yeThCs Ha
OCHOBI PO3IOJIICHUX BUMIpIOBAILHUX MyHKTiB. KOKeH ceHcop mepenae OIiHKH
napamMeTpiB CUTHAIY [0 [EHTPAIbHOTO AHATITUYHOTO BY3Ja, 1€ BUKOHYETHCS
3muTTA AaHuX. [Ipomenypa 3/1uTTa BpaxoBye 4YacoBi 3aTpUMKH, (a3oBi 3CyBH,
TEOMETPII0 PO3TAIIyBaHHS MPUIMaYiB Ta MOXKJIMBI i0HOC(EpHi CIOTBOPEHHSI.

[HTENeKTYanbHa CKIIa10Ba JIOKai3allil OoJsTae y BUKOPUCTaHHI HeHPOMEPEeKEeBUX
MoJeneld Uil KOpEKILii CHCTeMAaTHYHHX MOXHMOOK 1 KOMIIeHcalii MyJIbTUHACHHX
edexriB. Lle mo3Bomnsie 3a0e3meunTy cTabiIbHICTH BU3HAYEHHS KOOPIMHAT HABITh 3a
YaCTKOBOI BTPATH CEHCOPIB a00 NMPH HASIBHOCTI aKTHBHOT'O TTOJIABJICHHSL.

BaxxnuBuM acriekToM € 3a0e3nedeHHs BiIMOBOCTIHKOCTI CUCTeMU. APXiTeKTypa
rependadae MOXIIUBICT JCIIEHTPAIi30BaHOI 0OpOOKH Ta JyOIFOBaHHS KIFOUYOBHX
¢dyHKIiH. Y BUNIaIKy BUXOY 3 JIaJly OKPEMUX BY3JIiB CUCTEMA IIEPEXOHUTh Y PEKIM
Jerpajaiiii 3 MiHIMaJIbHOIO BTPaTO0 (DyHKIIIOHAIBHOCTI [6].

ExcnepumeHTanbHe MOJICNIOBaHHS TOKAa3ajlo, MIO I1HTErpamis KOTHITHBHOTO
VIpaBIiHHS Ta TIMOOKOro HaBuaHHS 3a0e3ledye 3HAYHE ITiJ[BUINEHHS TOYHOCTI
knacu(ikaiii CcUrHamiB 1 3MEHIIEHHs 4Yacy peakiii cucremu. Kpim Toro,
BUKOPUCTAHHS NPOLEAYp 3/IMTTS JAaHUX IIJIBUIIYE IOCTOBIPHICTBH JIOKami3amii
JoKepesl BUITPOMIHIOBAHHSI.

Jdnst moOyZoBU 1HTENEKTyallbHOI CHCTEMH JloKamizalii Oylio 3acTOCOBaHO
YOTUPHUPIBHEBUHM MiAXiA, SKUH OXOIUIIOE apXiTeKTypy HpUHMAaIbHUX MOIYJIB,
HelpomepexeBy O0OpoOKy, alanTHBHHI MOAYJNb 31uTTs naHux (fusion) Ta
MpOIelypy PO3UIMPEHHS W BapiaTUBHOCTI HABYANBHOI BUOIPKH (ayrMEHTAIIio
naHux). Taka CTpyKTypH3allis 103BOJISIE 3a0€3MIEYNTH MTOETAITHY 00pOOKY CUTHAIB
i3 TIOCTYNOBMM MiJBUILEHHSAM PiBHS 1HTENIEKTyali3alii Ta TOYHOCTI OLiHIOBaHHS
KOOpJUHAT JKepelia BUIIPOMIHIOBaHHS.
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Ha mepmmomy piBHI cucTema 6a3y€eThbesi Ha IPOrpaMHO-BU3HAUCHUX TIPHiMaYax,
peamizoBannx Ha miargopmax SDR, ski 3IiHCHIOIOTH OaraTOKaHaIbHUEA 30ip
CHeKTpalbHOI iHpopManii. ¥ mpoueci npuitomy ¢iKCyIOThCS KIIOYOBI MapamMeTpu
CUTHAaJTy, 30KpeMa aMIUTTYAHI XapaKTePUCTHKH, MiKKaHaIbHA (Da3oBa pPIi3HUILL
(IPD), nampsim HagxomxkeHHs curHainy (DoA) Ta dacoBi 3aTpuMKH NMPUOYTTS
(TDoA). Otpumani BUMipiOBaHHS MEPEJAOThCS Yepe3 3aXUILCHUN KaHaml 3B’S3KY
IO ILEHTPaJIbHOIO OOYMCIIIOBAJBHOTO BYy3/la, 1€ MPOXOAATh IONEPETHIO
CHUHXPOHI3aIi0, HOpMami3amifo Ta (opMyBaHHS CTPYKTYpOBAaHOTO HabOpy O3HAK
JUTSL TTOTAJTBIIIOTO aHAI3Y.

Hpyruii piBeHb nepeadayae BUKOPUCTAHHS TIAMONHHOT 3rOPTKOBOI HEHPOHHOT
Mepexi, modynoBanoi Ha apxiTektypi ResNet i3 iHTerpoBaHMMH MexaHi3MaMHu
yBaru (attention). HasBHicTh 3anMIIKOBUX 3’€IHaHb 3a0e3nedye eeKTHBHE
HaBYaHHS MTHOOKUX MoJiesel 0e3 aerpanalii rpaJi€eHTiB, O T03BOJISE ACTAIBLHO
aHaII3yBaTH MIPOCTOPOBO-YaCTOTHI OCOOTUBOCTI CUTHANIB. MexaHi3Mm attention, y
CBOIO 4YEpry, CIPSIMOBY€E OOYHMCIIOBAIbHI pecypcH Ha HaWOiumbml iHpOpMaTHBHI
KOMITIOHEHTH CIIEKTpa, IMiJBHUIIYIOYH CEJICKTUBHICTh MOJEIl Ta 1i 3MaTHICTh
MpaIoBaTH B YMOBaxXx OOMEXKEHHX amapaTHUX pecypciB, 30kpema Ha edge-
miaTdopmax. [loeqHaHHS 3aTUIIKOBUX CTPYKTYP 1 MEXaHI3MIiB yBaru CTBOPIOE
OaJlaHC MK OOYHCIIOBAIBHOK C€(EKTHBHICTIO Ta BHCOKOK TOYHICTIO
OLIIHIOBAHHS.

Ha TperproMy piBHI peaii3yeTbCs afalTUBHUN MOAYNb 3IUTTS NAaHUX, SIKHI
IHTETpy€e pe3ysbTaTh HeHWpoMepe:keBoi O0O0pOOKHM 3 KIACHYHUMH AITOPHTMaMU
OLIIHIOBaHHSI CTaHy. 30KpeMa, 3aCTOCOBYeThcsi Monudikoanuii Extended Kalman
Filter (EKF), mo 3mificHIOE KOpPEKIil0 BHUXIMHWX OIIHOK HEWpoMepexi 3
ypaxyBaHHAM [OTOYHOTO CTaHy paJiOCHTHANTy, BKJIIOYAIOYM  3HAYEHHS
criBBigHomeHHs: curHan/myM (SNR), Hanpsm npuxony (AoA) Ta yacoBi 3aTpUMKH
(TDoA). Taka komOiHOBaHa 0OpOOKa [103BOJSIE 3MEHIINTH BIUTUB BHIIAJKOBHUX
MOXMOOK 1 HEeCTaOIIBHOCTI BHMIipIOBaHb, 3a0€3IeUyI0UYr OiNbII TOYHE Ta CTiiKe
BU3HAYEHHS KOOpAMHAT JDKEpela BHIIPOMIHIOBAHHS B JWHAMIYHHX YMOBax
paaioenekTpoHHOl mnpoTuii. dopMaabHO HPOIEC OI[IHIOBAHHS MOXHA OIUCATH
PIBHSHHSM:

Xg = X1 + K (z — h(xg-1)), (D

JIe X}, — OIlIHKa BEKTOpa cTaHy Ha kpomi k, K — marpuis koedimientiB Kanmana,
Zj, — BEKTOp BUMIPIOBaHb, h — HEJiHIHHA MO/IEb BUMIPIOBaHb.

[oni6uo no riopuanux cucrem Trmy EKF+ENN, mo 3acrocoByroThCs y 3a1a4ax
Jokamizamii B Mepexax 5G, 3alporoHOBaHUM MiJXi MOEIHYE KIACUYHI METOIU
OLIIHIOBAHHSI CTaHy 3 iHTEJIEKTyaJlbHUMHU aIrOPUTMAaM{ MAIlIMHHOTO HaBYaHHS, IO
3a0e3nedyye IMiJBHUINEHY TOYHICTh BHM3HAUEHHS KOOPAMHAT HAaBITh 32 YMOB
IHTEHCHUBHOTO ILIYMOBOTO BIUIMBY, HECTaOUIBHOCTI KaHally 3B’S3Ky Ta IIBHUAKOI
3MiHM TIapaMeTpiB cepelnoBuiia. Taka IiHTerpamis [JO3BOJISE€ KOMIIGHCYBAaTH
HEJIOJIIKYA KOYKHOTO 3 METOJIIB OKPEMO: HelipoMepekeBa MoJIelb 3a0e31euye THyYKe
anpOKCHMYBaHHSl HENIHIMHUX 3aJeKHOCTed MK BHUMIPSHUMH IapaMeTpamH
CUTHAJly Ta KOOpAWHATaMH JUKepena, ToAl sK posmmpeHudd ¢ineTp Kanmana
BUKOHYE CTATHUCTUYHY CTaOUTI3aIlif0 Pe3yJbTaTiB 1 3riaJKyBaHHS BHIAJIKOBUX
KOJIMBaHb OI[IHOK Yy Yaci.
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UeTepTHii eTan peaiizamii CUCTEMH IOB’SI3aHUN 13 MIATOTOBKOI0 HaBYAIBHHUX
JaHuX Ta (QOPMYBaHHSM peNpe3eHTaTUBHOI BHOIPKM Uil TpeHYBaHHA
HelipoMepexeBoi Mozeni. BpaxoByroun cKiIaJHICTh PeaIbHOr0 PaaioeIeKTPOHHOTO
cepeloBHIa, OylO 3aCTOCOBAHO METOJIU AayrMEHTallli JaHWX, IO JO3BOJSIOTH
PO3MIMPUTH HaBYAIBHUN TPOCTip 0e3 HeoOXigHOCTI MacmTa0HOTO HATYpPHOTO
EKCIIEPUMEHTY. 30KpeMa, y Tiporieci (hopMyBaHHS BUOIPKH JI0 TOYATKOBUX CUTHAIIIB
BBOJWIINCS CHHTETHYHI (Da30Bi 3CyBH, aIUTHBHI Ta MYJbTHUILUTIKATHBHI ITyMOBIi
KOMIIOHEHTH, a TaKOXK MOJICITIOBATUCS e(PeKTH 0araTONnpoOMEHEBOTO MONIUPEHHS i
BIIOUTTS CUTHAMIB Bij niepemmkoy. [lomiOHi miaxoau MMPOKO BUKOPUCTOBYIOTHCS Y
3agadax indoor sound source localization (SSL) Ta B anropuT™Max mo3uiioHyBaHHS
B Mepexax 5G, ne HeoOXiTHO BIATBOPUTH CKIAIHY CTPYKTYPY paXioKaHATy s
MiIBUIIICHHS y3arajibHIOBAILHOI 31aTHOCTI Mojieni [7, 8].

Puc. 1. CxemaTuuHe 300pakeHHs 30HH MEPETHHY KOJIa aMILTITYIHOI HOXHOKH 3 CEKTOPOM
TesIeHranii

3acrocyBaHHS ayrMeHTalii a03BOJMIO chopMyBaTH OUIbII peaicTUYHUI
HaBYaIbHUH HAOIp, 110 BimoOpaxkae MOXKIUBI clieHapil PyHKIIOHYBaHHS CUCTEMH B
yMOBax pajioe’ekTpoHHoi npotufii. e, y cBOl0 4epry, CpHsuio MiJBUIIEHHIO
CTIMKOCTI Helipomepe:keBoi MOJeNi 0 HEBU3HAUYEHOCTI Ta 3MEHIICHHIO PU3UKY
nepeHaBuaHHS.

VY mporieci MozieTFOBaHHs 0araTono3uiiiHOT CUCTEMHU MICIIEBH3HAYCHHS JDKEPeT
PaaioOBUIIPOMIHIOBaHHS OYJI0 peali3oBaHO KOMOIHOBaHUN MiAXiJl, SIKAH MOETHYE
aMIUTITYAHAN aHaji3 i3 BUKOPHCTAHHAM HanpsMKoBoOi iHpopmanii (puc. 1). Taka
THTETpaIlisl T03BOJISIE BPAXOBYBATH SIK EHEPreTHYHI XapaKTEepPUCTUKU CUTHAITY, TaK i
TEOMETPUYHI CIIBBIJHOIICHHS MK TNpPUUMaTbHAMHU IyHKTaMH Ta JDKEPEIIOM
BUIIPOMIHIOBAaHHSI.

Hnst mocnigxeHHs: eeKTUBHOCTI allrOpUTMIB OyJi0 c(OPMOBAHO CHUHTETUYHUI
naracer, mo wmictuth monHan 10 000 BapiaHTiB HPOCTOPOBOTO PO3TAITYBaHHS
JoKepes, BIAMOBIAHUX 3HAYCHb aMIUITYA, KYTiB MPUXOLY Ta 4aCOBHUX 3aTPHUMOK.
lenepaniss ganux 37iiicHIOBasacsi 3 ypaxyBaHHSIM TE€OMETpii po3TanryBaHHS
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CEHCOPIB, XapaKTEPUCTHK MEPEIaBATLHOTO TPAKTy Ta Bapialliid mapamMeTpiB MIyMy.
Takwii migxig JO3BOJIMB CTBOPUTH KOHTPOJBLOBAHE CEPENOBHLIC AJsl NEPEBIpKU
TOYHOCTI pPOOOTH aJIrOPUTMIB Ta OLIHIOBAaHHS BIUIMBY pi3HUX (aKTOpiB Ha
pe3yIIbTaTH JIOKaIi3arii.

His 06pobku chopmoBaHoro HaOOpPY MaHUX OYIO pPO3POOIIEHO 3TOPTKOBY
HEHpPOHHY MeEpexy, aJanToBaHy A0 pOOOTH 3 0araTOBUMIpHHMHU CIIEKTPaJIbHO-
MIPOCTOPOBAMH O3HAKaMH. ApPXITEKTypa Mepexi mepemdadae MOCIiAOBHICTh
3rOPTKOBUX OJIOKIB 13 HENMHIKHUMH (DYHKITISIMU aKTHBAIIi Ta IIapamMu HOpMaJTizailii,
mo 3a0e3nevyye CTaOUIBHICTh HaBYaHHS Ta €()EKTUBHE BHUIUICHHS KIIOYOBUX
XapaKkTepUCTUK CUTHAY. Pe3ynbraTn MoJenoBaHHS OKa3ajH, 10 3allPOIIOHOBaHA
CNN-MoJienb 103BOJISIE JOCSTTH BHCOKOI TOYHOCTI KOOPJMHATHOTO BU3HAUYCHHS
HaBITh y CIICHAPIAX 31 3HIKCHUM CIIIBBIJIHOIICHHSIM CHTHAI/IIYM Ta 4YacTKOBOIO
JeTpajialielo OKPEMUX CEHCOPHHUX KaHaiB.

TakuM YHHOM, TIOEJAHAHHS AaMIUTITYTHOIO Ta HANPsMKOBOTO aHAII3y,
HelfipoMepexeBoi 00pOOKU Ta aJalTUBHOTO 3JIUTTS JAHUX CTBOPIOE KOMILICKCHHIMA
MeXaHi3M OI[IHIOBaHHSI KOODPJMHAT, SKHW JEMOHCTPYE MiJIBUIEHY CTiHKiCTh,
MacIITa0OBaHICTh 1 TOYHICT, Y TIOPIBHAHHI 3 TPAAWIIHHAMH METOAaMHU
TPHAHTYJAIIT a00 meeHrarii.

BucHoBkn

Po3po0iieHO KOMIUIEKCHUH TiAXiJ J0 CTBOPEHHS IHTCIECKTyaJbHUX CHCTEM
paaionokanii Ta TeXHIYHOI PO3BiAKH, 10 MoeaHye SDR-TeXHOJIOTIi, KOrHITUBHE
YIIPaBIiHHS CIIEKTPOM, HeWpoMepexeBi MeToan Kiacugikarii Ta Oaratomo3uiiiHi
PO AYPH JIOKAJi3allii.

3anpornoHoBaHa ~ apXiTekTypa  3ale3nedye  aJanTUBHICTH 70  3MiH
PaaioeeKTPOHHOT 00CTaHOBKH, CTIMKICTh JI0 aKTUBHOTO I0JIABJICHHS Ta IiABUIICHY
TOYHICTH BU3HAYEHHS IIAPAMETPIB JPKepel BUIIPOMiHIOBAHHS.

OtpumaHi pe3ysibTaTd MOXYTh OYTH BHKOPHCTaHi MpPU CTBOPEHHI CHCTEM
TEXHIYHOT PO3BIJKH HOBOTO IOKOJIHHS, OPIEHTOBAaHWMX Ha (YHKIIOHYBaHHS B
YMOBaX Cy4acCHHX BOEHHUX KOH(IIIKTIB Ta TiOPHIHUX 3arpo3.
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DEVELOPMENT OF GEOGRAPHIC INFORMATION SYSTEMS
AS A TECHNOLOGICAL INNOVATION STRATEGY

Abstract. The purpose of the study is to identify information technology and
methodological ways to solve current problems of ensuring an increase in
development level of Geographic Information Systems (GIS) in Ukraine. A review
of publications of the world scientific community was conducted based on a search
in international and domestic scientometric databases, such as Scopus, Web of
Science, and the resources of the Vernadsky National Library of Ukraine. A survey
of the main stages of GIS development during the independence of Ukraine was
carried out. These reviews address the following research questions: a) what time
trends do research statistics demonstrate; b) what areas of GIS development and
use are covered in the research; c) what governance strategies are reflected in the
publications to overcome technological challenges in GIS development. The main
results show that foreign researchers pay attention to the GIS development in
various thematic categories, in particular, such as computer science and
information technology. At the same time, domestic researchers pay more attention
to providing general issue of GIS implementation, industry issue, and studying
foreign experience. This indicates the existing gap between the practical
achievements of GIS implementation in the country and the contribution of domestic
scientists and specialists to the technological aspects of this area. In particular, this
concerns the formation of information systems for processing spatial data, the
analytical component and decision-making support tools. Nevertheless, the results
of the review demonstrate that geographic information systems are becoming a key
element of the national information infrastructure, which ensures effective
management of territories, natural resources, defense and security. The conducted
systematic review may be useful for responsible persons, as well as directly for
scientists and specialists from various fields involved in the processes of formation
and modernization of information technologies, systems and resources, in particular
aimed at processing geospatial data.

Keywords: digital transformation, information technologies, decision making,
spatial data infrastructure, spatial analysis.
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O.B. Hecrepenko, ILIIL. Anyx
MixxHapoaHuit €Bporneiicbkuii yHiBepcuteT, KuiB, Yipaina

P03BI/ITOKUFEOIH@OPMAIIIﬁHHX CUCTEM SIK TEXHOJIOTTYHA
IHHOBAIIIMHA CTPATEI'IA

Anomauin. Memoio 0ocniodicenHs € GUsHAYEHHS IHPOPMAYIUHO-MEXHOIOTYHUX Ma
MEMOOON0IYHUX WIIAXI6 BUDIUIEHHA aKMYAabHUX npodiemM 3a0e3neyy8aHHs
niOBUUeHHs Pi6HA PO3BUMKY 2eoinopmayitinux cucmem 8 Yxpaiui. Ilposedeno
027110 nyoOiKayitl c8iMogoi HayKo8oi CRIbHOMU HA OCHOBL NOWLYKY Y MIJICHAPOOHUX
ma GIMUUSHAHUX HAYKOMEMPUYHUX Oa3ax Oanux, makux ax pecypcu Scopus, Web of
Science ma Hayionanvroi 6ibniomexu Ykpainu imeni B.1. Bepnadcvkoeo, a makooic
30IliCHEHO 0OCMediCeH sl OCHOBHUX eMAania PO36UMKY 2e0iHPOPMAYIUHUX cucmem 3a
yacu nezanedichocmi. Lli oensaou maroms Ha y8a3i maki 0OCHIOHUYbKI NUMAHHA: a)
AKI 4acosi MpeHou OeMOHCMPYE CMAmUcCmuka o0ocniodxcensb, 6) saki cgepu
CMBOPEHHsT Ma BUKOPUCAHHA 2e0IHOPMAYIUHUX CcUCmeM pPO32TA0armMbCs Y
docnioxceHHAX;, 8) AKI OepoiicasHi cmpamezii 8i00Opadceni 6 nyoniKayisx o0ns
NOOONAHHS MEXHONOSIYHUX NpOoOIeM pPO3BUMKY 2eOiHPOpMayiliHux cucmem.
OcHosHi pezyrbmamu c8i04amv, Wo 3aKOPOOHHI OOCHIOHUKU NPUOLIAIOMb Y8dz2y
NUMAHHAM ~ PO38UMKY  2€0IHQOPMAYIUHUX —CcUCeM 6 DISHUX —MeMamuiHux
Kamezopisix, 30Kpema makux sik KOMn 1omepHi Hayku i ingpopmayiiini mexnonocii. B
mou Jice uac GIMYU3HAHI OOCHIOHUKU NPUOLILioms Oilble y6azu 3aealbHUM
numanuam enposaodicenns I'IC, eanyzegum nUmMaHHuAM ma UEYEHHIO 3apPYOidHCHO20
doceiody. Lle ceiduums npo iCHYIOUUL PO3PUE MINC NPAKMUYHUMU OOCSCHEHHIMU
enposaddicennss T'IC 6 Kkpaini ma OAHUHON BIMYUSHAHUX HAYKOSYIE I (haxieyie
MmexHoN02IUHUM acnekmam yiei chepu, 30kpema @opmyeannio ingopmayitinux
cucmem 006poOKU NPOCMOPOBUX OAHUX, AHALIMUYHOI CKIa0080i ma 3acobam
niompumKu  npuiinamms  piwenv. Tum He MeHw pesyibmamu 0210y
O0eMOHCMPYIOMb, WO 2e0IHPOPMAYiliHI cucCmemMu nepemeoPIoImMbCs HA KIHYO08Ull
eleMenm HayioHanvbHoi IHGopmayiunol ingpacmpykmypu, skuil 3abe3neuye
epekmugHe YNpasiiHHA MepUmopiamu, NPpUpoOHUMU pecypcamu, 0O0pOHOK ma
besnexoio. Ilpogedenuil cucmemamuzosanuii 020 modxce Oymu KOPUCHUM Oas
8IONOBIOANLHUX 0CIO, a MaKoxc 0e3nocepeOHbO HAYKOSYSM I (Daxisysm pisHux
eanyset, 3aAy4eHux 00 npoyecié opmyseanHs ma MoOoepHizayii ingopmayitinux
MexHONozill, cucmem ma pecypcie, 30KpemMa CHPAMOBAHUX HA 0OPOOKY
2e0npPoCmMoposUx OAHUX.
Knwuosi cnoea: yupposa mpancgopmayis, —iHpopmayiini  mexnonozii,
NPUTHAMMS pitdeHsb, IHPPAcmpyKmypa npocmopo8ux OaHUx, NPOCMOPOSUll AHAI3.
https://doi.org/10.32347/2411-4049.2026.1.141-160

Beryn

CyuacHe cycHmiJIbcTBO JAeAaji Oifbllie 3ajJeXHUTh BiJl MPOCTOPOBHX HaHUX, LIO
BiJ10OpakaroTh PI3HOMaHITHI ACIIEKTH HaBKOJIUIITHLOTO CepeoBHIIa,
1HPPACTPYKTYpH Ta COIialIbHO-eKOHOMIYHUX TpolieciB. ['eoiHopmaiitai cucremu
(I'IC) — ue HaykoBa ¥ TEXHOJOTiYHAa OCHOBA Ul 30MpaHHA, 30epiraHHs, aHaIi3y,
MOJICJIIOBaHHs Ta Bi3yalisalii MPOCTOPOBO KOOPAMHOBaHOI iH(popmarii. Bonu €
KITFOYOBUM THCTPYMEHTOM IIJITPUMKH MPUHHSATTS PIlIEHh y TaKUX Taly3sX, sK
MPUPOJOKOPUCTYBAHHS, ypOaHICTHKA, TPAHCIOPT, EKOJOTIYHUHA MOHITOPHHT,
000poHa, yNpaBiHHs PU3UKAMU Ta HAA3BUYaWHHIUMHU CUTYaLliSIMH.
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IcTopis possutky I'IC y cBiTi Hanmiuye Bke moHax 60 poKiB — Bif MEpIIAX
eKCIIEpUMEHTAIBHUX CUCTEeM 00poOieHHs KapTorpadidaux aaHux y 1960-x pokax
JI0 CY4YacHHUX IHTENEKTyalbHUX IIATPOPM i3 iHTErpOBaHUMH 3aCO0aMHM IITYYHOTO
IHTENIeKTy, XMapHUX 004YrCiIeHp i Benukux nanux (Big Data). Lleit eBomomiinmit
MIUISIX OXOIDTIOE TIePEXifl BiJl aHAJTOTOBUX TEXHOJIOTIH 10 ITUGPOBHX, BiJl JOKATBHHX
CHCTEM [0 TJI00AbHUX TeONMpOCTOPOBHUX 1H(pacTpyKTyp, o 3abe3neuyroTh
IHTeTpaIlifo TaHUX y Macmradax ychoro CBiTy.

B VYxkpaiHi po3BHTOK TeoiH(pOpMAIifHUX TEXHOJIOTIH po3modaBcsl OIM3BKO
30 pokiB TomMy, y 1990-x pokax, Koy moyanu (opMyBaTHCs MEPILi HAYKOBI IIKOJH,
OCBITHI MIPOrpaMu Ta MPHUKIAIHI CHCTEMHU Ui MOTPeO yMpaBiliHHS TEPUTOPISIMH,
€KOJIOTIYHOTO MOHITOPWHTY, KamacTpoBuX 1 Tomorpadigaux podit. CroromgHi
ykpaincbka ['IC-ramy3p akTHBHO IHTETPYETHCS y CBITOBHI MPOCTIP, PO3BUBAIOYH
HallloHaNBHI TeoiHdopMalliifHi pecypcH, CEepBICH BIAKPUTHX HaHUX 1 CHUCTEMH
MIPOCTOPOBOI aHATII THKH.

CydacHuil miepexia Biff KUTBKOCTI HAKONMWYCHHWX JIFOJACTBOM iH(OpMAaIiitHIX
PECYPCIB JI0 IKOCTI BUPILLICHHS 3aBJIaHb, 110 CTOSTH NIepe] KpaiHaMH, IKUH OTpUMaB
Ha3BY «UM(pPOBi3allish» Ta KU MOB'SI3aHUN 31 3pOCTaHHSAM POJIi BUBYEHHSI AHUX,
0i3HEC-aHATITHKY Ta 3aCTOCYBaHHSIM 3aCO0IB IMTYYHOTO iHTENEKTY, CTBOPUB YMOBHU
JUIsL iHTeJeKTyai3alii yHpaBmiHHS Ta WIATPUMKHA TPUAHATTS pilieHb. Take
MIMPOKOMAacIITAOHEe BUKOPHCTAHHSI HOBUX TEXHOJIOTIH y BCix cepax HisUTbHOCTI He
MOXX€ HE MPUBOIUTH A0 IMOCTIHHOTO MiABUINEHHS €()EeKTUBHOCTI 3aJ0BOJICHHS
iHpOopMaLitHIX TOTped CyCHiIbCTBa Ta 3a0e3MeyeHHs] Horo (QyHKI[IOHYBaHHS Ha
HOBHX IA0JISIX Y PO3BUTKY.

B mexax 3aranpHOi mpobiemu 3poctanHs 3actocyBaHHS ['IC B pi3HHX ramy3sx
aKTyaJIbHOIO TIOCTAa€ 3ajada IMPOBEACHHS JOCHIIKeHb, IO MAlOTh BijoOpaxaTn
CYCHUIbHO-TEXHOJIOTIYHI YacOB1 TPEHAH y BKa3aHOMY HamnpsiMKy. Ha ix ocHOBI ctae
MOJKJIMBUM H€ JIMIIE CTBOPIOBATH YMOBH JJIs 3a0e3MeYeHHs €(DEKTUBHOTO PO3BUTKY
€KOHOMIKH, a 1 U1 BUOOPY Ta 3aCTOCYBAHHS HOBITHIX TEXHOIJIOTIYHHX 3aC001B HOTO
MiATPUMKH.

ITocTanoBka 3agaui

Merta  mOCHi/DKEHHS —  BHU3HA4YCHHS  1H(QOPMAIIMHO-TEXHOJOrIYHUX  Ta
METOJIOJIOTIYHHX IIIJISXiB PO3BUTKY Ta CTAHOBJICHHS T'eOiH(OPMAIifHIX CUCTEM Yy
cBiTi Ta B YKpaiHi Ta miABUIIEHHS PiBHS X BUKOPUCTAHHS 3 YPaXyBaHHSAM CyYacHUX
TEHJCHIIIA 1 TEXHOJOTIYHUX HANpPSMIB SK MDKIUCIMIUIIHAPHOT HAYyKOBO-
TEXHOJIOTIYHOT IIaTGOPMH.

LinboBa cpsAMOBaHICTb 00YMOBIIIOE JIOTIKY AOCIHIIKEHHS, sIKa HaIpaBieHa Ha
MOCTAaHOBKY Ta BUPIIICHHS HACTYITHUX 3aBJIaHb:

a) TPOBECTH CHCTEMATH30BaHWU OrJsA TMyOJNiKalid CBITOBOT HAyKOBOI
CHUIBHOTH Ta BITYU3HAHOI HAYKOBOI JIiTepaTypH 3a KaTeropiero «reoindopmaniinai
CUCTEMI»;

0) BU3HAYUTH OCHOBHI iHTEpPeCH HayKOBIIiB 1110J10 3a0e3nedeHHs po3sutky ['1C;

B) cpopMyBaTH OLiHKY (akTOpiB BILIMBY Ha BnpoBamkeHHs ['1C;

') 30IHCHUTH OLIHIOBaHHS CydacHOro ctany po3BUTKY I'IC B kpaini Ta CBITi i
HaTpsMIB PO3BUTKY B 1iH chepi;

) 3aIpOIIOHYBATH PEKOMEH/IAIIT 3 yJIOCKOHAJIeHHs mporieciB po3Butky ['IC Ha
OCHOBI ITU(POBi3allii Ta IHTEIEKTyaIi3aIlii.
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AHai3 gocaimkensb i myoaikamii

Po3BuTOK reoindopmManiiHIX CUCTEM Y CBITI Ma€ MOHA[ MIICTAECITUPIYHY 1CTOPIIO,
mig gac skoi epomrorisi ['IC BimOyBamacst B TICHOMY 3B’SI3Ky 3 PO3BHTKOM
KOMIT FOTEpPHUX TEXHOJIOTiH, IMUQpoBoi KapTorpadii, AMCTAHIIIIHOTO 30HIYBaHHSI
3emni Ta 3acobiB TenekomyHikaii. Ilepmi koHIenii aBToMaTH30BaHOI 0OpPOOKH
MIPOCTOPOBHX NMaHuX copmysamucs y 60—90-x pokax MHUHYJIOTO CTONITTS TiJ Yac
BUKOHAHHS KinbKoX mpoektiB y Kananmi, CIIIA ta Bemukiit bpuranii. Ogniero 3
MEepIIMX TPaKTUYHUX peaiizaniii BBakaeTbcs Canadian Geographic Information
System (CGIS), cTBopeHa y 1963—-1967 pp. ans motped 3eMENBHOTO KanacTpy
Kanamn. CGIS crana mpoToTurioMm cydacHUX TeoiH(GOpPMAmiiHUX CHUCTEM: BOHA
3a0e3mneyyBaia BBeICHHA, 30epeKeHHs, aHali3 1 Bi3yalizalilo MpOCTOPOBHX ILApiB
KapTorpadiyHuX JaHUX.

Boxe B mepmmx myO:mmikariisix, 1o moJaiy 3’ IBISITHCS Y CBITOBOMY AMCKYPC Y TO#
yac, Oy 3arporionoBaHi Bu3HadeHHs ['1C Ta ix ocHOBHI TeopeTnyHi ocHOBH [ 1, 2].
VY nojaneiomMy 3 po3BUTKOM TEXHOJIOTI JOCIHIIKEHHS MOYaIN OXOILIIOBATH yCe
OimpIn mUpOKWMH miama3oH TeM — Bix BukopuctanHs [IC B Oibmiorexax i
6i0mioMeTpii 10 CTBOPEHHS BipTYaAIBHOTO MOPCHKOTO CepefioBHUIIA Ta «ITUPPOBOTO
okeaHny» [3—5]. Cy4acHi gocinipkeHHs po3risaaroTs ['IC s mokpaineHHs HaJaHHS
MOCYT, MPUHHSATTS DIllIeHb Ta MPAKTHKH YIPaBIiHHS, a TakoX 3a0e3reueHHS
CTAJIOTO PO3BHUTKY Uepe3 YMpaBIiHHI HaHWUMH, OU(POBY TpaHcopmamiro Ta
BUKOPHUCTAHHS IITYYHOTO iHTETICKTY.

[MoctymoBe 30iNBIICHHS KUTBKOCTI MyOJNiKaliii MpHU3BENO 10 TOSBU HU3KH
OTJISIIOBUX POOIT (Systematic review), SKMX 3 4acOM CTaBalio yce OinmpIre. Merta nux
JOCII/DKEHb TOJISIra€ y BU3HAYCHHI OCHOBHHMX HANpsIMKIB Ta TEHAEHIIH, a TaKOX
y3arajbHeHHi HabyTOro J0cBiy cTBopeHHs i Bukopuctanns I'IC. Ix cnpsamosanicTs
JEMOHCTPYE MUPOTY BHUIIB JiSUTLHOCTI 1 TEXHOJIOTIH, SIK, HATIPUKIIAJ], apXiTeKTypa
nporpaMHoro 3adesnedenHs ais po3pooku I'IC 1 kopnopaTHBHHUX CUCTEM 3 OTIIALY
Ha BaXKJIMBICTh TMapajMrMyu KOMIIOHEHTHOI opieHTarllii [6], Biume Ha ['IC Benmukux
nannx (Big Spatial Data) [7], kaprorpadyBaHHSsI JTOKaJbHUX KIIMAaTUYHUX 30H B
yMOBax 3a0y10BH JTOBKiIA [8], BUMIpIOBaHHS BPa3IMBOCTI J0 TIOBeHeH [9], aHami3
HeOe3neKkn 3CyBiB, CHPUYMHEHHX ONaJaMM, Ha OCHOBI JaHMX AWCTaHLIHHOrO
30HAyBaHHs [10], BU3HAUCHHS KPUTEPIIB, 1110 BIUIMBAIOTh HA MOTCHIIAT MiI36MHUX
Box [11], BukopucTtaHHs nucCTaHmiiHOTO 30HAYBaHHS Ta [1IC miomo BIIMBY
BIiCEKOBHX JIili HAa HaBKOJIMIIHE cepenoBuile [12], BUpOOHHUIITBO, OpraHi3allis Ta
Ha/IaHHS TIOCIIYT 3 AOTIISTY 32 JTITHIMU JTt0bMH [ 13], ynpaBimiHHS CTATUM TYPH3MOM
[14], T'IC-kaprorpadyBaHHs B OaraTOKpHTEpiabHOMY aHami3l pilleHb s
BU3HAUEHHsS MICISl PO3TAIlyBaHHS Ta MPOEKTYBAaHHS MPOEKTIB BiJHOBIIOBAHOL
eHepreTukH [ 15] Ta yuMalto iHIIoro.

CrocoBHo ykpainchkoi wacTunHM ictopii ['IC MoxHa kazatu mpo 30-piuHuii
nepion, ajke MOYMHAEThCA BOHA 3 90-X pOKIB 3 PO3BUTKY reoiHOpPMATHUKH Ta
eKCIaHCii Ha Halll pUHOK BiJIOBIAHOTO 3aKOPAOHHOTO MIPOTPaMHOr0 3a0e3edeHHs,
y TOMy 4HCJII H TOTO, IO BUIBHO PO3MOBCIOUKYEThCs. CyTTEBUH BHECOK Yy
nommpenHs 3actocyBaHHa ['IC  wHa Hamiii Tepuropii mOB’A3aHME 3
PO3MOBCIOIKEHHSIM HOTYKHOT'O POrPaMHOTO 3a0e3reueHHs Bi BiToMOT1 KOMIaHii
ESRIL

[poniecu nommwmproBanns ['IC 3HadnuiM BigoOpakeHHS W B JOCIIIPKEHHSIX
BiTUM3HSHUX BYeHHX. OJHUM 3 TeEpmIUX JOCTi/KEHb, [0 3a]iKCOBaHO B
enekTpoHHUX (oHaax HarionansHoi 610mioTeku Ykpainu imeni B.1. BepHancekoro,
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€ HayKOBHH 301pHHUK « ATpoXiMisl i IpyHTO3HABCTBO» 1998 poky, 1e 3anpornoHOBaHO
BUKOPHUCTAHHS TeoiH(OpMAaLliiHUX CHCTEM Ul BEACHHS MOHITOPUHTY 3eMEJIbHUX
pecypciB. 2000 poky Buiinmia podota [16], B KUl HABEIEHO OTJIS] MPOTPAMHUX
3aco6iB xommanii ESRI must peamizamii KOpmopaTHBHHX CHCTEM YIIPABIIHHA 3
BHKOPHUCTAHHSM TeOiHPOPMAITIHHUX TEXHOJIOT 1.

Binpmr akTuBHEe mommpeHHs myOiikamii moyanoch aume 3 moyatky 2000-x.
OpHak, Ha BiIMiHY Bifl 3aKOPIOHHHX JDKEPEII, ¥ KOPIYCl BITYN3HAHUX MyOTiKaIii
MPAKTHYHO BiACYTHI OINISAIOBI POOOTH — MOXKe, 3-3a BIOJHOCHO KOPOTKOI icTopii
nomupenns ['IC B kpaini. OnHak Tpeba 3BepHYTH yBary Ha HasBHICTb HayKOBUX
MoHorpadii, sk Hanpukian [17], 1e po3riasHyTO BUKOPUCTaHHS reoiHPOpMaIiitHIX
TEXHOJIOTIH IS MPOBEJCHHS JiaXpOHHO-TEHETUIHOTO aHaJIi3y TePUTOPiid XapKoBa,
a TakoX myOmikamiid 31 cTpaTteriuHmx HampsiMiB. Cepel HMX MOXKHa BiAMITHUTH
poboty [18], B skuii onrcaHO iCTOPi0, MKHAPOIHUHA JOCBIJ Ta Cy4aCHHH CTaH
IHTENIEKTyallbHUX TeOoIHQOpPMamiifHUX cucTeM, nociimkeHHs [19], B saxomy
y3arallbHEHO CBITOBHH [JIOCBi Ta TEHIEHI pO3BUTKY iHPPACTPYKTYpH
reonpoctopoBux aanux (I['Jl) y po3BuHEHHX KpaiHax, OLiHEHO cTaH (OpMyBaHHS
HarionansHOi I['J] B VYkpaiHi, a TakoX MTpoBeAeHO imeHTH(]IKAIlI0 KITFOYOBHX
mpo0JieM i 3aBaHb 3a0e3MeUeHHs ii CTaJoro PO3BUTKY Ta (PYHKIIOHYBAaHHS, pOOOTY
[20], ne mpeacTaBieHO Te0iH(YOPMATUKY K IHCTPYMEHT IS MIATPUMKH IPUAHSTTS
pilleHb  MIOA0  IUIaHYBaHHS  MICBKOTO Ta  PETIOHAJIBHOTO  PO3BUTKY,
3eMJIEKOPUCTYBaHHA, IH(OPACTPYKTYpPH, PECYpCiB, YIPaBIiHHSA HABKOJIHIIHIM
CEPEIOBHIIEM 1 TPOCTOPOBOI'O aHAJII3y, & TAKOXK JCSKI iHII pOOOTH.

TakuM  4YWMHOM, HAyKOBO-METOJWYHI 3acaiyd  MOJANBLIOTO  PO3BUTKY
reoiH(GOpMaIlifHUX CHCTEM MOTPEOYIOTh TOJANBIINX JOCITIPKEHb B KOHTEKCTI
MPIOPUTETIB CydaCHUX TEXHOJIOTIYHUX TPEHIIB Ta COI[iaIbHUX, €KOHOMIYHUX Ta
eKoJIoTiyHuX mnpoOieM. KounentyanbHuid 0a3uc JOCHIDKEHHS I[MX IHTaHb
MpoTpecye, a 0COOIMBOCTI TEXHOJIOTIYHOTO CEPEIOBHUINA MOCTIHHO PO3BUBAIOTHCS.
ToMy axTyanbHICTH 3aBAAaHHS IMOJSITA€ y BpaxyBaHHI IHUX IPOLECIB Y
METOAOJIOTIYHAX  MPUHIMIIAX NPOEKTYBaHHS Ta  PO3POOKH  e(EKTHBHUX
reoiHQopMaliifHUX cHCTEeM Ta BiJNOBIJHUX EIEKTPOHHUX PECypciB  JUIA
3a0e3MedYeH s iX MUPOKOTo 3aCTOCYBaHHS B YCiX chepax CyCiabHOI AisTEHOCTI.

Pe3yabTaTi 10CaigKeHHS

3a micTAeCATHPIUHY ICTOPiI0 PO3BUTKY reoiHpoOpMaliifiHuX cucTeM B OaraThbox
myOmiKalissX B Pi3HUX KpaiHax CBITY 3alpOIIOHOBAaHI HU3KW HAOOPIB MPHUHIIUIIB
possutky ['IC Ta HaBejeHa pi3HOIDIAHOBA TMAHOpaMa TEM, IO OXOILTIOIOThH
HaNPSIMKH 1 TEXHOJIOTI] X pO3poOKH Ta BIOCKOHAJICHHS. YTIPOJOBXK IIOTO MEPioay
BKa3zaHa cepa iCTOTHO 3MIHUIACS 1 K JOCUTH MOTY)KHA 1H)KEHEPHA AUCLUILTIHA Ta
HAYKOBUI HAPSMOK CTPIMKO PO3BUBAETHCS.

VY upomy 3B’s13Ky KOpUCHI 3HaHHS i Teopii 1 mpaktuku ['IC MoxyTp HanaTu
CHCTEMAaTHU30BaHi OIJSIAM MyOJikamiii cBiTOBOI HAYKOBOi CHUIBHOTH, IO
PEECTPYIOTBCS Y MIDKHAPOJHUX HAYKOMETPUYHUX 0a3ax JaHUX, TAKUX, HAPHKIIA,
aK pecypcu Scopus Ta Web of Science, a TakoX BITUM3HSHHUX JDKEpell, 30KpemMa 3
HamionaneHoi  Oibmiorekn Yxkpaimm imeni B.I1. Bepnancekoro (HBYB).
[MoxuBUMOCH, sIKi 3100YTKH MICTATh BKa3aHi peCypCH.

3 3acrocyBanHsAM moiykoBoi cucremu Elsevier y Web of Science Core
Collection (WoS) 3a 3ammtom "Geographic Information System" oTpumaHO
59143 pesynprariB. CrarucThka mux IyOJikamiii 3a poKaMH BHIAHB 3a TEpiof
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31990 no 2024 poku mokazana Ha puc. 1. Posmomin myOmikamii 0 OCHOBHHX
KaTeropisix BUAAHb (Taly3sX 3HaHb), HABEJACHUH y TaOnl. 1, CBIAYMTH, IO OCHOBHA
KUTBKICTh MyOJiKaliii NpHCBSYEHA, OKPIM TPAAULIMHUX HAayK NP0 MPUPOITHE
CepeIOBHIIE, EKOJIOTII0 Ta reorpadiro, TEXHOJIOTTYHIUM HAIPAMKaM — KOMIT FOTepHI
HayKH, IHKAHIPUHT Ta 1HIT HAYKOBO-TEXHOJIOTIYHI TEMH.

3000

2000

1000

1990 1995 2000 2005 2010 2015 2020 2024

Puc. 1. Craructuka pesynbraTiB nomyky B Web of Science Core Collection 3a 3amurom
"Geographic Information System"

Tabmuus 1. Cratuctuka myonikaniit y Web of Science Core Collection mo ocHOBHUX
KaTeropisix 3HaHb

jji Kareropis Buganp KimpkicTs myOmikartiit E;EI;(;LOOI;S
1 Environmental Sciences 21,291 37,50
Ecology
2 | Computer Science 20,661 36,39
3 | Engineering 19,649 34,61
4 | Geography 12,789 22,53
5 Science Technology Other 9,683 17,06
Topics
6 | Biodiversity Conservation 8,359 14,72
7 | Agriculture 7,347 12,94
8 | Mathematics 7,272 12,81
9 | Geology 7,067 12,45
10 | Water Resources 6,391 11,26

BigmoBigHi pe3yjbTaTH MOMIYKY IO KpaiHaX, SIKI JEMOHCTPYIOTh HAaHBHIII
MOKAa3HMUKH 32 KiJIbKICTIO MyOJIiKaliid, HaBeaeHo Ha puc. 2. s nopiBHIHHA y LeH
MepesTik TaKoXkK JA0AaHO i YKpaiHy.

3 3acTrocyBaHHSM TONIYKOBOI cucTteMH Scopus 3a 3amutoM "Geographic
Information System" orpumano 106720 pe3yabtariB (o 2024 pik). Cratuctuka
nmyOumikawiii 3a pokaMu BUAaHb 3a nepiox 3 1990 no 2024 poku nokaszaHa Ha puc. 3.
Posnozin 3HaleHnX 3a 1el mepioj MyOiKaIii 3a rary3sMu 3HaHb, TIOKA3aHUH Y
Ta0I. 2, CBIIYUTB MIPO CXOXKICTh 3 pe3yJIbTaTaMu, OTpUMaHUMK B WoS.
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BinnoBigHi pe3ynbraT NONIYKY IO KpaiHax MmyOuTiKaIliii moka3asi Ha puc. 4.

CHINA 13.5
USA 11.51
INDIA 2.08

o B 5 o PL
AUSTRALIA . .

ENGLAND

BRAZIL
JAPAN

SPAIN

UKRAINE | 0.06

Puc. 2. Ton kpaiH 3a KinbKicTIO MyOiikaniii 3a pe3yabraTom nomryky B Web of Science Core
Collection 3a 3amutom "Geographic Information System"
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Puc. 3. CratucTrka pesysbrariB HoIIyky B Scopus 3a mepiox 3 1990 mo 2024 poku 3a
3anutoM "Geographic Information System"

HagezeHi pe3ynbTaTs CBi4aTh PO BEJMKY 3aI[iKaBICHICTh CBITOBOI HAYKOBOT
CHinbHOTH N0 cepu 3acTocyBaHHsA reoiHpopMmaniitHux TexHomorid. [lepiof
3pocTaHHs KinbkocTi myOuikanid y 2005-2010 poku, ki MOXHa CIOCTEpiraT
Ha Jiarpamax puc. 1 ta 3, 30iraeTtbcs 3 eramaMu po3BUTKY kommadiii ESRI,
Intergraph, MaplInfo, Autodesk Tta 3axomieHHs pHHKY IX TPOTPAMHUMH
NPOIYyKTaMH, a TAKOXK OYyPXJIMBOTO PO3BUTKY [HTEpPHET-TEXHOJIOTI# 1 HOIIMPEHHIM
WebGIS, xonu kopucTyBadi OTpUMaH IOCTYII 10 IPOCTOPOBUX JIAaHHUX Yepe3 BeO-
Opaysepu Ta 3’sBuiucs iHTepakTHBHI Kaptu (Google Maps, Bing Maps, Yahoo!
Maps) [21, 22].
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Tabmuus 2. Cratuctrka myOmikalii y Scopus o OCHOBHUX KaTEeTopisiX 3HaHb

Kareropist Bugasp KimpkicTs myOmikartiit Bizncorok 3 HalimeHOTO
Environmental Science 30141 15,4
Computer Science 28039 14,3
Engineering 26061 13,3
Earth and Planetary Sciences 25153 12,9
Social Sciences 19173 9,8
Agricultural and Biological 11831 6,1
Sciences
Medicine 9833 5,0
Mathematics 9600 4,9
Energy 5978 3,1
Physics and Astronomy 5856 3,0
USA 23,041

CHINA 18,308

INDIA 5,746

ENGLAND 0] O

ITALY 4,169 ‘ »

CANADA 3,858 ‘ ® A ‘ ®
GERMANY  [EFAL! @)
AUSTRALIA [EJEPE

SPAIN 3124

JAPAN 2,801 O
UkRAINE [l 493

Puc. 4. Ton-10 kpaiH 3a KiBKiCTIO Iy OITiKaIii 3a pe3yIbTaToM IOUIYKY B SCOPUS 32 3aITUTOM
"Geographic Information System"

Le cnpusino nemokparuzanii I'IC — mpocTopoBi cepBicH cTain AOCTYIHUMH
LIMPOKUM  KojlaM  KopucTyBauiB. [lomanpma myOnminucTH4HA — aKTHBHICTD
MOSICHIOETBCSI PO3BUTKOM CYITyTHUKOBHX JaHuX, GPS, MOOUTPHMX TEXHOJOTIH, a
Takox nmoyatrkoM iHterpamnii ['IC i3 cucremamu ynpasiinHs 0a3amu nanux, ERP-
CUCTeMaMH Ta iHCTpymeHTamu OizHec-aHamiTuku (BI), mo posmmpuno chepy
3acrocyBanHs ['IC y TpaHCIOpPTHIN JIOTICTHUII, €HEPreTHUIll, Oe3Mell, arpapHoOMy
cexropi. Came y 1eli iepion MikHapoHa oprasizaiiist Open Geospatial Consortium
(OGC) po3pobuna BiakpuTi ctangapta oOMiHy reoganumu — WMS, WFS, GML,
K1 3a0e3nednny iHTeponepadenbHICTh MiXK PI3HUMH CHCTEMaMH Ta I1aThopMaMu.
Bce 1e crano 3amopykor Mepexoay BiJ IHHOBAIM 1 HAyKOBOI'O IHTEPECY J0
noBcsikeHHoro Bukopuctanus ['IC B pisHux cdepax mismbHOCTI [23, 24].

3pocTaHHA KINBKOCTI MyOJiKamiili mpooBxyeThes i B Hauti yacu. Ha cyyacHomy
etam reoiHGOpMaLiiHI CHCTEMH EBOJIOLIOHYIOTh Yy OIK IHTEJIEKTyaIbHUX
MIPOCTOPOBUX IUIAT(HOPM, IO MOEAHYIOTh ITy4HHH iHTeNeKkT (Al), MarmHHE
naBuanHs (ML), Benuki nani (Big Data), xmapni oOuncnenHs ta [HTepHeT peueit
(IoT) [25-27]. CyuacHi pimenns (Google Earth Engine, Esri ArcGIS Online Ta iH.)
3a0e3MeuyloTh OOpOOJICHHS MAcHBIB CYIYTHUKOBHX 300paXXeHb y PEKUMI
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peaNbHOTO Yacy, a KOHIEMIsA «udpoBuxX ABIHHKUKIBY Teputopii (Digital Twin)
BIJKpHBAa€E HOBI MOMJIMBOCTI [UIi MOJENIOBaHHS ypOaHICTHYHHMX TPOLECIB,
IUTaHyBaHHS iHQPACTPYKTYpHU Ta yIpaBiiHHA eKocucTeMamu [28, 29].

Takum urHOM, cydacHi ['IC BHCTymarOTh He JHIIe SK TEXHOJIOTIYHI 3BEPIICHHS,
a SIK KOMIUTIEKCHI aHAIITH9HI €KOCHUCTEMH, IO IHTErpyIOTh I'e0JaHi, aJrOpUTMH,
CepBiCH, CEHCOPH Ta KOPUCTYBAYiB Y €AMHOMY T€OMPOCTOPOBOMY CEPEIOBHIIII.

[lomnBrMOCh, SK Ii TPOIECH 3HAXOAATH BiMOOPaKEHHS Y BITUH3HIHOMY
TUCKypCl Ha TPHUKIANl HAYKOBHX MMyOmikamiii, sKi MOXXHA 3HAWTH 3aBISKU
MOKIHBOCTsIM TomrykoBux cepsiciB HBYB. IlomykoBuii 3amuT MO KIIOYOBOMY
cioBy "reoindopm” B 6azi nanux "Haykosa nepioguka Ykpainu" HBYB mo 2024 p.
HazaB 722 pe3ynbTaTiB (puc. 5). 3a MMMA JaHUMHU HaIXOKEHHS 3a(ikcoBaHi JHIIe
3 2003 poky. Y Toli ke 4ac B pedepaTuBHi 0a3i manux "YKpaiHika HaykoBa'
3HaiaeHo 2009 pesynprariB, mounHaouu 3 1998 poky. HeoOXxigHo BigMiTHTH, 1110
HayxoBa mepiogmka YkpaiHm — 1€ eNeKTpOHHI Bepcii MepioAnYHMX HAYKOBUX
(haxoBHUX BUJIaHb HAyKOBHX YCTaHOB Ta HABUAJIHHHX 3aKiafiB. € HaHOUTBIIIM 3a
OXOIUIEHHSIM TIOBHOTEKCTOBMM pecypcoM B YkpaiHi. Y B/l «Ykpainika HaykoBa»
MpPEeCTaBICHO HAyKOBi MmyOmikamii 3 ycix ramy3eidd 3HaHb. OCHOBHI THITH
MIPEICTaBICHUX JOKYMEHTIB — MoHorpadii, aBTopedepaTn amcepramiid, CTaTTi 3
HayKoBOi ()axoBOi IIEPIOAHUKH.

120
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100
80
HNY
60
40

20

0
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

Puc. 5. Cratucruka pe3ybTaTiB Mmomyky B 0a3zax manux "Haykoma mepiomuka Ykpainu'
(HITY) ta "Ykpainika naykosa" (YH) HBYB 3a 3anurom "reoindopm”

SIKIIO PO3IIISIHYTH Tally3eBY TEMAaTHKY BITUYM3HSHUX MyOuTiKaiid, o 3i0paHi B
B/l "HaykoBa nepioauka Ykpainu" (Tabin. 3), He0OXiTHO BiAMITUTH, IO B LEOMY
KOPITyCi NepeBakaloTh MUTAHHS €KOJIOTil Ta MPUPOJOKOPUCTYBaHHS, YIIPaBIIiHHS
TEPUTOPISIMA Ta TEeMaTHKa OOOpPOHW 1 BilicbkoBOI cmpaBu. B Toii ke uac
iHhOpMAIITHIM TEXHOJIOTISIM TPUALISETHCS He BigdyTHa yBara. [Ipu oMy
JIOIIIBHO 3BEPHYTH YBary Ha Te, 1o B poboTax, Bimoopaxkenux y Web of Science
Core Collection Ta Scopus, mnepeBara BiJJIa€ThCsl B IEpHIy 4Yepry came
TEXHOJIOT15IM.

SIKII0 IPOBECTH JeTaTbHUIA aHAITI3 BITYU3HAHUX MyOTiKaIliii, MOKHA BU3HAYUTH
OCHOBHI €Tally, SIKi MPOWIIO CTaHOBJICHHS TeoiH()OpMaliiHUX CHCTEM B Hallii
KpaiHi 3a MoHaJ TPUIIATUPIUHY icTopito. [lepemayciM HEOOXiIHO 3a3HAYMTH, IO
po3Butok ['IC B YkpaiHi Biga3zepKaaioe 3araJbHOCBITOBI TEHACHINI CTAHOBICHHS
UUPPOBUX TEXHOJNOTIH YOpaBIiHHA MNPOCTOPOBHMH JaHUMH. YKpaiHChbKa
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I'C-rany3s ¢opmyBaiacs Ha mepeTuHi KaprorpadiuHol Hayku, 1H()OPMATHKH,
reozesii, eKoorii, 3eMieycTporo Ta ynpasliHHg Teputopisimu. EBomonito I'IC B
VYkpaini yMOBHO MOYKHA TIOAUTUTH HA /IBa OCHOBHI eTamnu — cTaHoBJeHHS Y 1990—
2000-x pokax Ta IHCTHUTYI[IOHAJi3aIil0 Ta pPO3BHTOK  HAI[lOHAIBHUX
reoindopmariitaux pecypcie y 2010-x, mo Bignmosimae rpadikam Ha puc. 5. Ha
XKanb, cydacHa mudposa TpaHcdopmaris 2020-X pokiB He 3HaWILIIA HAJIEKHOTO
BitoOpaskeHHs 3-32 0OMeKEHb BIICHKOBOTO CTaHy IIOTO TIEPIOAY.

Tabnuis 3. Temaruka myOumikariii 3a 3anmuToM "reoindopM” B 6a3i nanux "Haykosa
nepionuka Ykpainn" HBYB

KinbkicTs my0Omikariif 3a pokaMu
Ne Tastysp 3HaHb (y % mo pigHoro 00CATY IMyOITiKaii)
3/m 2024 | 2023 | 2022 | 2021 | 2020 | 2019 | 2018 | Cepenne
3a 7 poKiB
1. | Exomnoris ta 294 | 27,3 | 31,0 | 11,1 | 26,9 | 20,5 8,7 22,26
MIPUPOIOKOPUCTYBAHHS
2. | VYmopapniHHs 23,5 | 182 | 138 | 74 0,0 5,1 27,5 13,76
TEPUTOPISIMI
3. | Ob6opona ta 5,9 9,1 27,6 | 18,5 | 11,5 | 12,8 5,8 13,06
BIfICHKOBA CIIpaBa
4. | TpancnoptHa 8,8 4.5 0,0 14,8 7,7 5,1 11,6 7,55
iHOpacTpyKTypa
5. | Indopmaniitai 2.9 9,1 34 7,4 11,5 12,8 4,3 7,38
TEXHOJIOTii
6. | 3emmeycrpiii 5,9 9,1 0,0 7,4 7,7 2,6 1,4 4,89
7. | LluBinbHMI 3aXHCT 0,0 0,0 6,9 3,7 7,7 7,7 2.9 4,13
8. | Hucraniiiine 0,0 0,0 34 7.4 7,7 2,6 5,8 3,84
30HIyBaHHS
. | Teooris 2,9 4,5 0,0 3,7 3.8 2,6 5,8 3,36
10.| Cinbcbke rocniogapereo | 0,0 13,6 0,0 0,0 0,0 2,6 7,2 3,35
Ta arpoisuIbHICTh
11.| Kaprorpadis 8,8 4,5 0,0 0,0 0,0 0,0 2,9 2,36
12.| Teorpadiuni 2,9 0,0 34 3,7 0,0 2,6 1,4 2,03
JIOCITiDKEHHS
13.| Teonesis 5,9 0,0 34 0,0 0,0 2,6 1,4 1,93
14.] Tame 2,9 0,0 6,9 14,8 | 11,5 | 17,9 | 13,0 9,98

Y 1990-x pokax, kosum VYKpaiHa mNepexonwia OO HOBOI MOJITHYHOI Ta
E€KOHOMIYHOI CHCTEMH, PO3IIOYaBCs Iepiof NPHUBEPHEHHS yBaru 10 IHUTaHb
po3BUTKY 3aco0iB iHpopmarm3amii. Ha mouatky Ta B cepeauni 1990-x pokis
BUKOPHUCTAHHS KOMII FOTEPIB 11ie OyJI0 HEYUCIeHHNM. 3-3a I[bOTO Yepe3 BiJICYTHICTh
JOCTyTy A0 iHhOopMaIitHIX TeXHOJOTiH Ta [HTepHETY MOKIMBOCTI BIIPOBAIKEHHS
reoin)opMaIliiHUX CepBICiB OYyJH CYTTEBO OOMEKeHI. Y 3B’A3Ky 3 TaKUMH
TEXHOJIOTIYHUMH Ta OpTaHi3allifHIMH poOJIeMaMHu MTPOIieC BIPOBAKEHHS HABITH
enemenTiB I'IC OyB manonomiTHuM. OiHaK Bike y TOH dac OyJo JOKIaIeHO 3yChIlb
Il TIepexoy Bia aHajoroBoi kaprorpadii 1o uugpoBoi Ta, 3 MOSBOI HEPIIUX
BITYM3HSHUX MPOTPAMHO-aNApaTHUX PIllIeHb, JUTS 00pOOIIEHHS TPOCTOPOBHX JAHUX
[30]. V Toif yac y mpoOBiAHUX HAYKOBUX 1 HaBYAJIBHHX LIEHTpax copMyBaIucs
mepuri  HaykoBi mKkonu 3 reoiHpopmatuku. Y ueit mepiog I'IC mowanm
BIIPOBIXKYBATHCA y NMPAKTUKY 3eMEJIbHO-KaJaCTPOBUX, €KOJIOTIYHHX, TCOJIOTIYHUX
i tomnorpado-reogae3udHux pooitT. [IpoBOAMINCE AOCTIIKCHHS 3 MOJCIIOBAHHSI
€KOCHCTEM, MOHITOPUHTY 3a0pyJHEHHS JOBKULIA, aHami3y 3eMJICKOPHCTYBaHHS.
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Posmouanmcst gocmimkenns i 3 Hampsamky sukopuctanHs ['IC y mepxkaBHOMY
ynpasiningi [31, 32]. 3naunuii BHecok y momynsipusauito ['IC 3poOunu aepkaBHi
yCTaHOBH, 30KpeMa ['ofoBHe ympaBiiHHsS Teofesii, kaprorpadii Ta kKagacTpy, a
Takox HaykoBi iHcTuTyTH HAH Y)painu [16, 33].

ITepmi I'IC-pimeHHS pPO3POOIISIUCS TEPEBAKHO HAa OCHOBI 3aKOPIOHHHX
mwiardopm (ArcInfo, MapInfo, ERDAS), ogHak mocTynoBo 3’ iBUIIHCS 1 YKpaTHChKI
PO3POOKHM — [T eKOJIOTo-reorpadivHOro aHamily, MiCTOOYAIBHOTO IUIAHYBAaHHS Ta
YIpaBIiHHS 3eMeNbHUMH pecypcamu. Tum He menm BrpoBamxeras ['IC Bce mie
OyJi0 Mi3epHHUM 1 HOCHJIO TIEpEeBaXHO 1HGQOpMALIHHUKN XapaKkTep.

ITouwarox 2000-x poOKiB cTaB eTamoM iHCTUTYLiOHaJi3awii reoiHpopMaLiiHux
TEXHOJIOTIH B YKpaiHi. 3’SIBIAAIOTBCS  JEpKaBHI  MPOTpaMyd  CTBOPCHHS
reoiHQOpMaiiiHUX CHUCTEM, NMPOJOBKYETHCS HAMpPALIOBAHHS MPOIMO3MLINA M0N0
BukopuctanHs [IC 11 MIATPUMKH ENEKTPOHHOTO YpsSAyBaHHS, (OPMYIOTHCS
rary3esi 0a3u MPOCTOPOBUX JAHUX, PO3BUBAIOTHCS CTAHAAPTH TeOJaHUX 1 METOIU
JTUCTAHIIMHOTO JOCHIUKeHHS 3emui Ta Kaprorpadiunoi Bisyamizamii [34-37].
KirouoBrM npoekToM 110T0 mepioay crano hopmyBaHHs Jlep:kaBHOTO 36METHHOTO
KanacTpy, IIO 3aKJall0 OCHOBY JUIsl CTBOPEHHA HAallOHAIBHOI 1HPPaCTpyKTypH
npoctopoux AaHux [38]. IlapanensHOo BmpoBamxyBanucs perioHanbHi ['1C mist
MmictoOyaiBaoro ympasiinHs (I'IC Kwuesa, JIpbBoBa, XapkoBa), MOHITOPWHTY
JOBKIJIISA, TPAHCHOPTHOI JyioricTuku [39]. ¥V Ti yacu ¢akTu4HO 3abiuInaia 30ps
HACTaHHS «Te0iH(QOpMaIiifHOTO cycriibeTBay [40].

2010-x pokax MNPOAOBXKYBaBCsS MiAHOM iHTepecy N0 TeoiH(popMaIiiftHuX
cucreM. VYKpaiHa TpUenHanacs 10 €BpOMechKUX iHimiatTuB y  cdepi
reornpoctopoBux naHux, 3okpeMa INSPIRE (Infrastructure for Spatial Information
in Europe), mo cnpusno ajganrtanii €BpONeHChKAX CTaHIApPTIB JI0 HAIliOHAIBHOL
HOpMaTUBHOI 0a3u. CTBOPIOBAJIMCS BiJIKPUTI Te0iH(POPMAIIiliHI peCypcH, 30KpemMa
[TyOniuna kamacTpoBa KapTa YKpaiHu, reonopTainu JlepkreokanacTpy, CHCTEMH
MOHITOPHHTY JOBKIJIJISA Ta HaApoKopucTyBaHHs [41-43].

VY wme#i nepiog I'lC moyanu akTHBHO BUKOPHCTOBYBATHCS il B OCBiTi: OyIo
BIJKPHUTO HABYAIbHI NPOTpaMH 3 TeoiHPOPMATHUKH, JUCTAHIIHHOTO 30HyBaHHS
3emJ1i, MPOCTOPOBOrO aHaJli3y Ta €KOJIOTIYHOTO MOHITOPHUHTY [44, 45].

3a3HayeHi BUILIE MOJIl CTBOPUIM OCHOBY ISl 3a0€3MEeUCHHS HOBUX BHKIIUKIB.
V¥ 2020-x pokax pozsutok ['IC B VYkpaiHi BinOyBaeThcsi B ymMoBax HHU(GPOBOi
TpaHcopmalii, BIIKpUTTS MyONMiYHUX NAHUX 1 BIPOBAKCHHS 1HTEJIEKTYalbHUX
TEXHOJIOT1H aHanizy mpoctopy [20]. 3HauHy pojb BiIirparoTh HaLiOHAJIBHI Ta
perionanbhi  reonoptanu  (Geoportal.gov.ua, Exomana, Mamna BiJHOBJICHHS
VYkpainu), a TakoX Taiay3eBi CHCTEMH YIPaBIiHHS MPUPOJHHMH pecypcamu Ta
iHpacTpykTypoto [46].

BaxxmBuM  HanpsMoM  cTaia  iHTerpamisi TreoiH(OpMaliiHUX CHCTEM 13
CHUCTEMaMH aHAIITHKU Ta TMPOTHO3HOTO MOJICIIOBAHHS, IO 3aCTOCOBYIOTHCS Y
BICBKOBIi, T'yMaHiTapHil, eKoJioriuHiil 1 TpancnoptHii cdepax. Ilicns 2022 poky
I'lC orpumanu HOBUIA CTpaTeriYHUI BUMIp — K IHCTPYMEHT MOHITOPHHTY BOEHHUX
I, OI[IHIOBAHHS IIOIIKO/)KEHb TEPUTOPIH, BITHOBIACHHS I1HQOPACTPYKTYpH Ta
IUTaHyBaHHS 0€3MeYHOr0 BUKOPHUCTaHHA 3emMenb [47-51].

Vkpaina Takox Oepe ydacTh y MDKHapOOHHMX NPOEKTaX OOMiHY
reonpoctopoumu aanumu (Copernicus, GEO, UN-GGIM:Europe), mo cnpuse
iHTerparii B eBponeiicbkuit inpopmariitauii mpoctip [19]. AKTHBHO PO3BUBAIOTHCS
cTapTamnu y cdepi re0aHaliTHKH, CyITyTHUKOBOTO MOHITOPHHTY, XMapHHUX CEpBICiB,
arpo-I'IC 1 cmapT-yp6anismy [52, 53]. Cyuacuuii ykpaincekuit I'IC-cextop chepu
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IT moctymnoBo TpanchopMyeThes 3 HAOOPY OKPEMHUX CUCTEM Y MUTICHY HAIlIOHAIBHY
reoiHpopmManiiiny iHQPacTpyKTypy, IIO Oa3yeTbcs Ha BIAKPUTHX JaHHX,
crangaptax OGC Ta MbKHapOIHIH Koomepaii.

SIK OWIHWUTH PIBEHb PO3BHUTKY I[LOTO CEPEIOBHINA Y TIOPIBHSIHHI 3 TIEpEeIOBUMHU
Kpainamu cBiTy? Ha »xanp, cepen 4HCIEHHHX MDKXHAPOIHUX 1HIEKCIB PO3BUTKY
iHpopmaniiiHo-koMyHikaniitaux ~ texnonorii  (IKT) HEMae  OKpPEMOro
pelitaryBanHs 3a Kateropieto I'IC. Omnak, BpaxoBytoun, mo ['IC € BaximBoro
ckimanoBoro cepr IKT i Takox 3mificHIOE CBiif BIUIMB Ha BCi ChepH COIiaTbHO-
E€KOHOMIYHOI isUTBHOCTi, OMOCEPEIKOBAHO MOXKHA CIUPATUCS Ha AOCIiIKCHHS
po3Butky IKT-chepu B YkpaiHi 3a MiKHApPOJAHUMHU PEHTHHraMH Ta BU3HAYATH
MepCIeKTHBH PO3BUTKY. Cepes CydacHUX iHAEKCIB JOUITBHO PO3TIISTHYTH JHHAMIKY
3HAYCHb IS Ykpainu 3a CaiToBUM pEUTHUHIOM uudpoBoi
koHkypeHnTocnpoMmokaocti IMD (IMD World Digital Competitiveness Ranking —
WDCR), sikwii aHamizye Ta paHKy€e piBeHb BIPOBAKEHHS ITUPPOBUX TEXHOIOTIH,
0 BeJle A0 TpaHchopMallii ypsaoBoi Ta 6i3HeC MisTTBHOCTI 1 CYCIIIBbCTBA 3arajioM,
Ta ['moGansHuM inekcom inHoBarii (Global Innovation Index — GII), 110 HaiOiIBII
MIOBHO OI[iHIOE PiBEHb IHHOBAIIIMHOTO PO3BUTKY Ta €(PEKTUBHICTH IHHOBAIIMHOL
€KOCHCTEMH B €KOHOMIKax KpaiH cBiTy. Cepe[ IMOKa3HUKIB, SKi XapaKTepU3yIOTh
IHHOBAIIMHUN PO3BUTOK, 10 ckiany GII BXoHmATh MOKa3HUKH, IO OLIHIOKTH i
pe3yabTaTi po3BUTKY cekTopy IKT.

3Ba)karouM Ha Te, IO 31 3PO3YMUIHX MMPUYXH JOCTOBIPHICTH TAaHUX, 310paHUX IS
VYxpainu, Oyna oomexeHoto, 3a peiituaroMm WDCR Hama kpaina He Oyiia BKITroueHa
10 3BiTiB 2022 — 2024 pokiB. Y mocaimkenni x 3a 2021 p.! Ykpaina snaxoaunach
Ha 54-my micii 3 63 kpaiH cBiTy. Takuif HU3EKHI PiBEHb TIOB’ I3aHNN 3 HEBHCOKUMHU
MO3ULISIMU [0 OKPEMHX MOKa3HHUKAX LbOI0 PEUTHHTY, 30KpeMa 3a MOKa3HUKAMH
«udposi rexnomnorii» i «ludposa roroBHicTH (00HaBa 58-Me Mictie).

3a GII Vkpaina cranom nHa 2024 pik mae 60-te micue® 3 133 kpain (omyctunacs
Ha 11 mo3wuriit y mopiBHsHHI 3 2021 pokom) i mocimae 4-te Mmiciie cepes rpyIu KpaiH
3 pIBHEM JI0XOJy HIDKYE cepeaHboro. Ha 11 mo3uiliro HalO1IbIe BIUITMBAE A IHHS
MOKa3HHMKIB, OB’ s3aHUX 3 1i iHcTuTyHisiMu (107-Me Miciie) Ta JT0ICbKUM KarliTaioM
i mocmimkenHsmu (54-te micue). llpummB npsMux 1HO3eMHHX IHBECTHIIH, IO
nokasye 88-Me Micle, TaKOXK 3HAYHO CKOPOTHBCS. 32 OKPEMHUMH IOKa3HUKAMH
possutky IKT 3HaueHHs BiIYyTHO BHUII, aje # TYT € Taki, MO TATHYTb JOHH3Y,
30kpemMa Taki gk «Bukopucranus IKT», «Immopt nociyr IKT» Ta meski inmi.

3 IuX AaHUX BUIUTUBAE, 1[0 HE BCE 1€ 3poOJIeHe B KpaiHi HaJeKHUM YHHOM JJIs
possutky IKT-chepu. e 1998 poky Oyno mpwuiiHsito 3akoH Ykpainum “IIpo
Hamionansny mporpamy iHdopMaruzaiiii”, ajge BIPOJOBXK KIUIBKOX POKIB
¢inancyBaHHS 1Ii€i mporpamu OyJO CYTTEBO CKOpOYEHE i BOHA MPAKTUYHO
nepecrana QyHKI[ioHyBaTH. TakiMM YHMHOM, CTBOPEHHS HEOOX1IHOT OpraHi3aliiiHoi i
MpaBoBOi 0a3u iH(OPMAIIHHOT TaTy3i Ta MOCTYIY Y TEXHOJIOTIYHOMY PO3BUTKY BCE
me norpedye BIOCKOHAIEHHS, 30KpeMa 3YCHIUISIMA TPOMAJACBKOCTI, Oi3Hecy W
JepKaBu. BakmuBuUM KpPOKOM y IIbOMY HAIPSMKY cTano NpUHAHATTS 2022 poky
HOBOTO 3akoHy npo HamionansHy mporpamy indopmaru3zaiii, cepea OCHOBHHX
3aBJaHb SIKOi 3HAYMTHCS PO3pOOKa, BIpoBaykeHHs Ta 3actocyBanHs IKT y pisHux

" https://www.imd. org/wcce/world-competitiveness-center-rankings/ world-digital-
competitiveness-rankings-2021/

2 https://www.wipo.int/web-publications/global-innovation-index-2024/en/gii-2024-
results.html
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chepax misibHOCTI. BpaxoByrouu, 10 3rigHO 3 HOBUM 3aKoHOM I eHepasibHUI
3aMOBHUK HarionaneHoi nporpamu iHpopMaTu3amii mopoKy Mae MmoJaBaTu 3BiT Mpo
cTaH iHQopMaTH3auii Ta XiJ BUKOHAHHSA 3aBAaHb, MPOTpaM, MPOEKTIB, POOIT 3
iH(opMaTH3alii, HeBIOB31 MOXKHA OyZe MEepioJUYHO CIIOCTEPIraTé 3a MOJAIBITIM
MIPOCYBAHHSM 1 BITIyTHHIA TIporpec YKpainu y 1iit chepi.

OnHouyacHO HEOOXigHO 3a3HauMTH, 10 po3BUTOK IKT — e onuH i3 BaknIuBUX
HaIpsIMKIB CHiBIIpaIii Mik Ykpainoro i €sponeticekum CorozoM. OTke, MeTa, 110
YkpaiHa mqocsTHe €BPOIEHCHKOTO pPIiBHSA PO3BUTKY B Il cdepi, 3aMIIAE€THCST
peanbHOI0. KpiM TOro, Heo0XiTHO 3a3HAYUTH, IO AKTYAIBHICTh I[LOTO MATAHHS IS
CYTTEBIIIE 3pociia Mij 4ac MOBHOMACIITaOHOTO BTOPIHEHHSI arpecopa Ha TEpUTOPiI0
kpainu. [lorpeba amanmtyBaTHCs 1O HOBHX peajlii BOEHHOTO Hacy, IO BHMAarae
KOHIIEHTpalii Ta MBHIKUX [id, TOpKHyJaca i mporeciB nudposizamii, ski Ha
JIOBOEHHUWI Yac aKTUBHO BinOyBamucs B YKpaini. B Takiii ckmagniii curyamii
iH(dopMarIiiiHi TexHoorii, 6€3yMOBHO, BIIITPalOTh BAXKIMBY POJIb y 3a0e3MMeueHHi
000pOHO3IATHOCTI, €(EKTUBHOCTI JEPKaBHOTO YNPABIIHHS Ta MiATPUMII
HaceneHHs. [lpukimagom Moxke Oyt MoOOUTBHMN 3acTocyHOok "Jlist", sKwid,
MIPOTIOHYIOYHN Bce OiNbIlIe MMOCIYT, III0 MOXKHA OTPUMATH IMPSAMO TYT i 3apa3, 0e3
JOBIJIOK, TE€YaTOK 1 Bi3WTIB J0 YCTAaHOB, BXKE JTABHO CTaB OIHHUM i3 OCHOBHUX Yy
cmaprdoHax ykpaiHimis. [ mnpupoanpo, mo came «Jliro» 3 MOYATKy
MOBHOMACHITAOHOTO ~ BTOPTHEHHS B HAHKOpPOTIII ~ TEpMiHH  TOYaJH
nepeopMaToOBYBaTH B YHIBEpCaJIbHY IIATPOPMY, SIKa MAE JOTIOMAraTH HACEIICHHIO
HE JIMIIe Yy MUPHHUIA Yac, a W MijJ 4ac BiliHW, HaJaBaTH MOCIYTH, aKTyaJlbHi JJIs
BOEHHOT'O Yacy.

Ha 3aBepmieHHst He0OXiTHO BiIMITUTH, 1110 3aIPOBAKEHI 32 POKU HE3AJIEKHOCTI
3YCHJUISIMH JIepKaBH, O13HeCY ¥ TpOMaIChKOCTI KPOKH 11010 po3BUTKY IKT, monpu
BCIO TXHIO BaKJIMBICTh, TPHBAJIMHA Yac BCE K 3aJMINAIUCH (parMeHTapHUMH 1 He
3a0e3rneuyBain CTBOPEHHS HEOOX1THOT OpraHi3amniiHoi Ta TeXHiYHOT 6a3u. 30Kpema,
e BigOyBaJIOCh i3-32 HEMOBHOTH, HEe(EKTUBHOCTI U CYNEepewsIMBOCTI YHHHOI
HOPMAaTHUBHO-IIPaBOBOi 0as3u iHdopmaririHoi ranysi. HemocTatHbor0 CKitaganach i
nmyOumikailiiiHa yBara 3 00Ky HayKOBIIiB Ta (axiBIliB 70 TOTOYHUX MPOOIEM PO3BUTKY
iH(dopMariitHux cucteMm i cepricis. [Ipumipom, i moci, micnst 30 pokiB, Maibke HeMae
poOiT, sixi 6 y3aranpHIOBaM HaOYTHI TOCBIJ Ta MPOBENH aHAMI3 ICHYIOUOI CUTYyaIlii
B c¢epi ['IC. I Tinpku B OCTaHHI KiNbKa POKIB CUTYaIllis [MOYalia 3MiHIOBAaTHCh Ha
Kpaiue.

BucHoBku

AHaii3 mpoueciB po3BUTKY reoiHPOpPMaLiiHUX cHCTeM B KpaiHax CBITy Ta B
VYkpaiHi, npoBe/ieHHH Ha OCHOBI OTJIsTy MyOJiKaliii CBITOBOi Ta BIiTYM3HSHOI
HAYKOBOI CITIJIBHOTH, CBIJYUTh NPO BaXKIHMBY POJb TEXHOJOTIYHOI CKJIAJIOBOI B
3a0e3neyeHHl iX NpUCKOpeHHs Ta edekrtuBHOCTi. CaMme 3aBISKH BUKOPUCTAHHIO
Cy4YacHUX 1H(QOPMAIIfTHUX TEXHOJIOTii Ta 3ac00iB MOOUTLHUX KOMYHIKaIlii YKpaiHi
BJIAJIOCS] B OCTaHHI POKH IICJISI TPUBAIIOTO 3aCTOO MTEPEHTH Y CBITOBUX pEHTHHTAX Yy
HanpsIMKy BHCOKHX IIOKa3HHMKiB. Be3yMOBHO, Il CTajl0 MOXJIMBHM 1 3aBISIKH
OpraHi3aliifHO-MOTITHYHOT MIATPUMIIL 3 OOKY KEpPiBHULTBA JAEPKABH.

CycrijpbHAN MOMUT Ha BUCOKOSIKICHI iH(OpMaIliiiHI TOCITyTH B yMOBaX muppoBoi
TpaHcopmarii Oyae OesmepepBHO 3pocTaTd. Y 3B’SA3KY 3 HOBMMH BHUKIHUKaMH
HaApOIIYIOTHCS i BUMOTH A0 TisUIBHOCTI Oi3HECOBHUX CTPYKTYp 1 OpraHiB BIajau Ta
e¢(hEeKTUBHOCTI pillleHb, 10 mpuiiMaroThcs. [IpoBemeHHi aHadi3 CBIQYHUTH IIPO
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ICHYIOU1 PO3PHUBH MiXK TEXHOJOTIYHUMH TPCHIAMH Ta 3ac00aMH 3a0€3MeUeHHS X
cupsiMyBaHb. UYuMano Cy4acHHUX TexHoyoriyHux TeHgeHnidi B cdepi [IC
BiJOoOpakeH1 Yy BITYM3HSHUX NyOJiKalisiXx BiZHOCHO HeBaroMumu. OCHOBHI
MPUYUHN [HOTO MOJIATAIOTh y MOBUIBHOCTI ajamnTariii Iep>KaBHOI CHUCTEMH 0
MOTOYHUX TEXHOJNOTIYHUX 3pYIICHb, a TaKOX B CEKOHOMIYHHMX TPYJHOIIAX
3allpoBa/KCHHSI W OMaHyBaHHS CyYacHMX iHpOpMauidHuX TexHomorid. g
KOHTpPOBEp3a MOPOKY€E CTPUMYBaHHs 1HHOBaIiiHOI aktyamzamii cepu IKT, mo
HETaTUBHO BIUTHBAaE W Ha TeMIH BHUpoBammkeHHS 3aco0iB ['IC. Takum uwmHOM,
KIIOYOBUM DpIICHHAM Mae OyTH 3HAuHEe MiJBUILCHHS PiBHA YBard BHUIIOTO
JIep>KaBHOTO KEPIBHUITBA Ta HAYKOBO-TEXHIYHOI CIIBHOTH 10 BKa3aHUX MUTAHb.
Takwit migXinq MOXKe CTBOPUTH YMOBH JUISI 00’ € THAHHS BCiX YYaCHHUKIB CYCIUTBHAX
MPOLIECIB B €IUHIN CHCTEMI i, K HACIIIOK, JO3BOJHTH B MOAAIBIIOMY MOCHIUTH
no3wuilii KpaiHu B €BPONEHCHKIH 1 CBITOBIN CIIJIBHOTI.
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Abstract. The purpose of the study is to review and systematize current text analytics
and natural language processing methods for knowledge extraction from
unstructured social media content, with a focus on Ukrainian-language sources.

A comparative analysis of topic modelling methods (LSA, NMF, LDA, HDP,
Top2Vec, BERTopic), ontology construction approaches, OSINT data collection
tools, and the F1 evaluation metric for named entity recognition tasks was
conducted.

Comparative analysis of four topic modelling methods applied to real Twitter
datasets demonstrated that BERTopic (coherence score 0.62) outperforms LDA
(0.45) and Top2Vec (0.56) for short texts;, the NER-UK 2.0 corpus provides a
baseline solution for Ukrainian named entity recognition with an F1 score of 0.89.

Theoretically, the selection of methods that take into account the temporal dynamics
of topics is justified. Practically, five-block pipeline architecture for knowledge
extraction from Ukrainian-language social media is proposed.

The originality of the work lies in the adaptation of the Methontology-based
approach to ontology generation for short unstructured Ukrainian-language texts.

Further prospects include practical implementation and validation of the proposed
pipeline on real Ukrainian social media datasets.
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[HCTHTYT TemekoMyHiKalii i rmodansHOTO iHGOpManiiHoro npoctopy HAH VYkpainm,
M. KuiB, Ykpaina

AHAJII3 METO/IIB TEKCTOBOI AHAJIITUKH )11 BAIOBYBAHHS
3HAHbB 3 YKPAIHOMOBHOI'O KOHTEHTY COIIAJIBHUX MEPEX

Anomauin. Mema docniodxcenns nonaeac 8 aHanizi ma cucmemamusayii Cy4acHux
Memooie meKcmosoi aHanimuxku 01 8U000Y8aHHs 3HAHb I3 COYIANbHUX MepediC 3
aKyeHmoMm Ha YKpaiHoMmoeHuti konmenm. byno eukowano nopisuanvHuil awanis
wecmu memooie memamuyunozo mooeniosanus (LSA, NMF, LDA, HDP, Top2Vec,
BERTopic), nioxodie 0o nobyodosu owmonociti ma epagie 3HaHb, [HCMPYMEHMIE
OSINT, a makooc mempuxu FI ona oyinoéanus 3aedamnv po3nizHaAaAHHS
imenoganux cymmocmetl.
Topienanvrutl ananiz Memooie memamuiHo20 MOOeI08AHH HA PedaIbHUX Habopax
nosioomnens noxkasas, wjo BERTopic (kocepenmuicmo 0,62) nepesuwyye LDA (0,45)
i Top2Vec (0,56) na xopomxux mexcmax, kopnyc NER-UK 2.0 3a6e3neuye bazoge
piwenns NER ona ykpaincokoi mosu 3 mounicmio F1 = 0,89.
Teopemuuro 06IpyHMOBAHO 8UOIP MEMOOI8 3 YPAXYBAHHAM YACOB0T OUHAMIKY meM,
0711 ROOANbLULIO20 BUKOPUCMAHHS 8 OUCEPMAYIUHOMY 00CHIONCeHHI. 3anponoHosano
KOHYENMYaivbhy apximexmypy n’smubioko8o2o KOHEeepy, O/ NPaKmuiHo2o
BUKOPUCMAHHSL.
Opuzinanbricmo 00CAIONHCEHHS NOAA2AE 8 A0ANMAYLL 3A2ANbHOBI00MO20 NIOX0JY Nid
Haszeolo Methontology do eenepayii onmono2it 0 KOPpOMKUX HECMPYKMYPOBAHUX
VKPAiHOMOBHUX MEKCMIE.
Ilepcnexmusu nodanvwioi pobomu — npakmuuua peanizayis ma anpobayisi
KOHBEEPY HA PeabHUX OAHUX YKPAITHOMOBHUX COYIANbHUX MepPediC.
Knrouosi  cnosa: mexcmosa awanimuka, 00poOKa  Oauux, Koegiyicnm
yzeoooicenocmi mem, F1-wempuka, LSA, NMF, LDA, Top2Vec, BERTopic, OSINT.
https://doi.org/10.32347/2411-4049.2026.1.161-170

Beryn

BunoOyBaHHS 3HaHB 13 TEKCTOBHX MAacCHBIB COLIAJIbHUX MEPEXK € aKTyaIbHUM
3aBJIaHHSIM, SIKE JIO3BOJISIE aHAJi3yBaTH CYCIHiIbHI HACTPOI, BHABISATH TPEHAU Ta
3MIHCHIOBATH MOHITOPUHT iH(OpMaIiiitHoro mpocTopy. Sk 3a3HauaroTs ¢axismi [1],
comiaibHi mI1aTGopMHu HAKOMUYYIOTh 3HAYHI OOCSITH HECTPYKTYPOBAaHOTO TEKCTY,
ONpallOBaHHSI  SKOTO  MOTpe0ye  3acTOCyBaHHS ~ KOMIUIEKCY  METOJIB
IHTETIEKTYalIbHOTO aHami3zy jgaHux. s yKpalHOMOBHOTO KOHTEHTY 3a3HaueHa
3ajada Mae 0co0nMBy crenn@iky depe3 MOBHI 0COOIMBOCTI OHJIAHH-KOMYHiKalii Ta
O0OMEKEHICTh CIIelialli3oBaHuX iHCTPYMEHTIB 70 2022 poKy.

3aBJaHHs aBTOMATH30BaHOTO aHAJi3y TPOMAJICHKOT JYMKH dYepe3 COIliaibHi
MEpeXi aKTUBHO AOCIIIDKYETbCA SIK Uil 3arainbHuX [4, 6], Tak i A1 KPU30BHX
KOHTEKCTiB [5]. 30kpema, JoCIiIKeHHs YKpaiHOMOBHHX TOBitoMiIeHb 3acobamu NLP
(Natural Language Processing — 00po0ka pupoHb01 MOBH), MAITMHHOTO HABYAHHS
[2] Ta BusiBneHHs Ae3iHdopMalil B yKpaiHCbKOMY MeaianpocTopi [3] 7eMOHCTpYyIOTh
3pocTaroumnii iHTepec 10 Wi€l mpeaMeTHOI Tamysi. JJocBix aBTOPChKOro KOJIEKTHBY B
KJactepu3ailii HOBUHHHX TekcTiB MetojoM SVD (Singular Value Decomposition —
CHHTYIISIpHE PO3KJIajaHHs) i3 BUKOpUcTaHHsIM cucteMu SAS Enterprise Miner [20]
(SAS — Statistical Analysis System) TakoX NiITBEpAUB NPAKTUYHY LiHHICTH
ABTOMATH30BAHOT'O TEKCTOBOTO aHAJI3y ISl BUSBICHHS TEMAaTUUHUX IPYII 1 TPEHIIB.
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AHaJIi3 OCTAaHHIX JOCTI/KeHb 1 my0aikanin

[NopiBHsUTbHMI aHATI3 METOAIB TEMaTHYHOTO MOJISITIOBAHHSI 171l KOPOTKUX TEKCTIiB
i3 COIIaJTbHIX MEPEXkK CTaB MPEMETOM HU3KU CYUaCHHUX JIOCTIDKCHb. Y TOCIIKECHH]
[8] BukoHaHO TOpiBHSIHHS TakuxX MeToxiB, sk LDA (Latent Dirichlet Allocation —
nmatenTHe posnoniuteHas [lipixie), NMF (Non-negative Matrix Factorization —
HeBin’emMHa MatpuuHa (aktopusauis), Top2Vec (Topic to Vector — Big Temu a0
BekTopy) Ta BERTopic (tematnune monemroBanHs Ha ocHoBi BERT-oBchKko01 Mozeni),
Ha Kopmyci, mo ckmagaetsess 3 31 800 TexcTroBmx moBigomieHb. Y poOoti [9]
JOCTITHUKAMHA TIPOBEJCHO aAHAJIOTIYHE TMOPIBHAHHSA Ha TBITaX 13 XCIITEroM
#covidtravel. OOuaBa pocmimkenns [8, 9] mnpoaeMOHCTpyBalu Y3roIKeHi
pesynbrati moxo nepesar MetoiB BERTopic Ta NMF nax LDA ta Top2Vec y pasi
00pOOKH KOPOTKHMX TEKCTiB. AMEpHKaHCBhKI mociigHuku Ankan Caxa Ta Bikac
Cingxsati B po6oTi [ 10] po3poomu niaxia Dynamic NMF (Dynamic Non-negative
Matrix Factorization) 3 4acoBO¥O peryispu3ami€cio, MpU3HAYSHUH IS BiICTS)KEHHS
€BOITIONII TEM Y COIIATPHAX MEPEKax MPOTATOM Jacy.

3 mo3unii BUAOOYBaHHS 3HaHb i3 COLIAJBLHUX Me/dia Ta MOOYIOBH OHTOJOTIH
MOKa30BOK0 € pobota [1], y skii anmsa TexctiB Facebook 3acTocoBano xomrmiekc
TEXHIK KJIACTepH3allii Ta TEeMaTHYHOTO MojemtoBaHHA. Orism MeToaiB moOymIoBU
OHTOJIOTiH Ha OCHOBI TeKCTy [ 14] cucTeMaTH3ye miIXxo1u — BiJ IPOCTOTO BUITY4YCHHS
TEPMIHIB [0 TIOBHICTIO aBTOMATH30BaHHMX PIlICHh Ha 0a3l BEIUKUX MOBHHX
moxeneit. s 3amad moOynoBu rpadiB 3HaHP Ta BCTAHOBJIEHHS CEMAHTUYHHAX
3B’SI3KIB M’ CYTHOCTSAMU €(DEKTHBHMM BU3HAHO IiJIXiJl, ONUCaHMid y pobori [15].

VY KOHTEKCTI yKpaiHOMOBHOI 00pOOKH MPUPOAHOT MOBU KIIOYOBUM PECYPCOM €
kopryc NER-UK 2.0 (NER — Named Entity Recognition) [7], sikuii 3abe3neuye
OCHOBY JIJIsl PO3MIi3HABAHHS IMCHOBAHUX CYTHOCTEH B YKPAiHCHKHX TEKCTaX PI3HUX
KaHpIB, 30KpeMa B JIOMUCAX COIIaTbHUX MEPEX.

Meta gocJaigKeHHS

MeTor NOCHIDKeHHST € aHalli3 Ta TMOPIBHSAHHS ICHYIOUMX METOJIB TEKCTOBOL
AHANITHKH 32 KUIbKICHUMH Ta SIKICHUMH KPHUTEpisSIMH, a TaKOXX OOIPYHTYBaHHS
BUOOPY MiAXOJIB sl PO3pOOKH iH(pOPMAIiHHOT TeXHOIOTIT BUI00YBaHHs 3HAHb 3
YKpaiHOMOBHOT'O KOHTEHTY COLIIQJIbHUX MEPEK.

TeopeTH4Hi OCHOBH J0CTiIZKEHHS
MeToaH TeMAaTHYHOI0 MOJIETIOBAHHS

TemaTnuHe MOIENIOBaHHS Ja€ 3MOTY aBTOMAaTHYHO BHSBJISATH NPUXOBaHi
CMUCIIOBI CTPYKTYpH B TeKCTOBUX Kopiycax. Meronu LSA ta NMF nHanexats 10
anreOpaiyHUX METOMIB, SKI 3IIHCHIOIOTh (QAaKTOPU3AII0 MATPHUIll «TepMiH—
nokymeHT™. Meton NMF 3acrocoBye TF-IDF-3BaxxyBanus (Term Frequency —
Inverse Document Frequency) ta oOMexeHHsI HEBiL €MHOCTI, 10 3a0e3euye BUILLY
TOYHICTH BHSABJICHHS TEM TIOPiBHSAHO 3 MeTOioM LSA [9]. V cBoto uepry meton LDA
€ IMOBIPHICHOIO 0aifeCiBCHKOIO MOJICILITIO, Y SIKiF JIOKYMEHT PO3TIISIAE€THCSI SIK CYMIlIl
TEM, a TeMa — sIK PO3IIOJILT Ha/l CJIOBHUKOBUM 3aracoM. [ BiqCTeKEeHHS 3MiH TeM
y 4aci po3pobieno Dynamic Topic Model (DTM), mo posmmproe LDA nuisxom
ypaxyBaHHS 4acOBHX 3pi3iB [10].
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BERTopic migxim 6a3yerbcsi Ha TpaHCHOPMEPHUX MOMAETAX I OTPUMAHHS
LITFHUX BEKTOPHUX MPEACTaBlIeHb JOKYMEHTIB, MICIS YOTO 3aCTOCOBYE aJlTOPUTM
UMAP (Uniform Manifold Approximation and Projection — piBHOMipHa
ampoKCHMAIlisi Ta TPOEKIis OaratoBuay) A 3MEHIICHHS PpO3MIPHOCTI Ta
HDBSCAN (Hierarchical Density-Based Spatial Clustering of Applications with
Noise — anropuT™ iepapxiuyHOi MIUIBHICHOT MPOCTOPOBOI KiacTepusalii 3
ypaxyBaHHAM ImIymy) miasi kiactepusarii. [lopiBassHO 3 LDA ta NMF, meton
BERTopic kpalre crpaBisSeThCs 3 KOPOTKUMH Ta CEMAHTHYHO HEOTHO3ZHAYHHMH
TeKcTaMu comianbHux Mepex [8, 9]. Top2Vec mae momiOHmiA mifxin, mporte
nocrtynaerbesi BERTopic y 4iTkocTi po3MexyBaHHS TeM i reHepye OibIy KITBKICTh
MTepeKpUBaIOYNX KiIacTepis [8].

Metpuxa Coherence Score 1Jis1 OHiHIOBaHHSI TEMATUYHUX MoJeJieit

Jyis  00'€KTHBHOTO TMOPIBHSHHSA METOJIIB TEMaTHYHOTO MOJICIIOBaHHS 0¢3
3alydeHHs] Py4YHOI EKCIIepPTHOI OLIHKH BHKOPHCTOBYeThcs Merpuka Coherence
Score (koedimieHT Y3ro/LKEHOCTI TeM). 3ajady aBTOMATUYHOTO OIliHIOBaHHS
y3rO/DKEHOCTI TeM yrepiie cucreMatuaHo copmynroBaiu Jlesin Hetoman, [xei
Xan Jlay, Kapn I'pizep Ta Timoti Bonmyin B cBoiit po6ori [11], BcTaHOBHBIIH, IO
Mipa Ha OCHOBiI B3aeMHOI To4koBoOi iH(popMmarii (PMI — Pointwise Mutual
Information), po3paxoBaHa Ha KOpPIyCi BCECBITHBO BiIoMOi [HTepHET-eHIMKIIOE i1
Wikipedia, nocsrae piBHs KopensLii 3 oninkamu mroaeit p = 0,78 (3a koedimieHTOM
kopensii CriipMeHa) Uit HOBUHHUX TeKcTiB. [li3nime mocniganku Mixaens Penep,
Awnppeac bot ta Onekcannp XiHHeOypr B CBOEMY AOCIHiIKeHHi [ 12] 3anpornonysanu
yHipikoBaHMI (PEVMBOPK, IO OXOIUIIOE BCi BiIOMI MipH KOT€PEHTHOCTI.
Haiikpama 3 BusiBIeHMX HUMU Mip — C),, SKa TOEIHYE HENPsAMY KOCHHYCHY
nmoniOHicTh i3 HopmamizoBaHoro PMI (NPMI — Normalized Pointwise Mutual
Information) Ta KOB3HMM BIKHOM, JOCSATAHOYU CEPEIHBOI KOPEIALIi 3 JIFOJChKUMHU
orinkamu 0,731.

3aranpHa Qopmyna merpuku koedinieHta ysromkeHocti TeM UCI (ckopoueHo
C_uci Big UCI coherence), iyist OKpeMOT1 TEMHU, OITUCAHOT MHOKHHOIO 3 N KITIOUOBUX
ciiB W = {wy, ..., wy}, BU3Ha4Ya€eThcs SIK HOpMOBaHa cyMa nomapaux PMI-omiHok
[12]:

5 N-1j N
CUCI = m Z Z PMI(WU W]); (1)
i=1 j=i+1

ac

P(w;, wj)+e

PMI(wi, wj) = log P PW))’

(2)

3nauenns iimosipHoctelt, P(w;) — mosisu i —ro cioba Ta P(w;, wj) — cymicHoi
MOSIBA OJTHOYACHO [ —T'0 Ta j —T0 CIIiB, OLIHIOIOTHCS HA OCHOBI CTATUCTHKH CITLTBHOT
3yCTpi4aNbHOCTI CIIiB Y KOB3HOMY BiKHi Ha BEJIMKOMY KOPITyCi TEKCTiB. 3HAUEHHS
Koe(illieHTa y3roKEHOCTI TeM HaJIeXKHUTh 110 iHTepBaiy [0; 1], ne Oinbine 3HaUeHHS
BIJIMTOBI1a€ Kpallliil inTeprperoBaHocTi TeMu. Ha marepiaii 1BOX peajibHUX HaOOPIB
nanux kopotkux TekctiB BERTopic nocsr naiiBumoro 3aauenss 0,62, B Tol yac sk
LDA nume 0,45 [13].
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Metpuxka F1 nns oninroBanus pesyabratie NLP

KinrodoBoro MeTpuKOrO Uit OLIHIOBaHHS 3agad OOpOOKM HpPUPOIHOI MOBH,
30KpeMa posmizHaBaHHs iMeHoBaHux cyTHoctell (NER), € mipa F1. Bona moegnye
touHicTh (Precision, mo3nadaerbes sk P) Ta moBHOTY (Recall, mo3nagaeTses sik R) B
onHomy moka3auky. [litep Kpicren, JleBin Jx. Xenna ta Himani Kipienie B cBoemy
nociipkenHi [19] y rpyHTOBHOMY OTJIsifl 3a3HadaroTh, mo F1 € rapmMoHiHHUM
cepenHim P ta R 1 o6unciroeTses 3a hopMynoro:

F_Z-P-R_ 2-TP
Y™ P+R ~ 2-TP+FP+FN’

(3)

ne TP (true positives) — KibKicTh BipHO ineHTH(]iIKOBaHUX cyTHOCTei; FP (false
positives) — xubHo Bm3HaueHi cytHocTi; FN (false negatives) — mpomymeni
cytaocti. 3Hagends F1 € [0; 1], ne 1 BigmoBimae imeampHOMY pe3ynbraTy. Lls
METpPHUKa BBa)KAE€ThCS CTaHIapToM olliHioBaHHS NER-cucTteM Ha Habopax JaHUX
CoNLL (https://huggingface.co/datasets/eriktks/conll2003) Ta ACE
(https://catalog.ldc.upenn.edu/LDC2006T06)  [19], 1m0 BHUKOPUCTOBYIOTHCS
(haxiBrsamu s tecryBanHs Moaeneit. s kopmycy NER-UK 2.0 [7] 6a30Ba Monens
Ha ocHOBI RoOBERTa-large nocsirae 3saxkeHoro 3Hauenns F1 = 0,89 Ha 13 kareropisx
IMEHOBaHMX CyTHOCTEH B yKpalHCHbKHUX TEKCTAaX.

IloOynoBa onToJIOTIN Ta rpadiB 3HaHb

OHroJtorist B KOHTEKCTI iHQOPMAaLiHHUX CHCTEM SIBIISE COO0I0 (popMalTbHUI OTIHC
MOHATh TPEAMETHOI Taiy3i Ta BiJHOCHMH MiX HHMH. Y pobOoti [14] Onekcanap
Maenxe ta Ultedden lllTtaad BHOKPEMIIOIOTH T’ATH CTYIEHIB aBTOMATH3AIlil
npoiiecy NoOy0BH OHTOJIOTIM: Bi/i py4yHOT0 MPOEKTYBaHHs B mporpami Protege [18]
JI0 TIOBHOI aBTOMATH3allli Ha OCHOBI BEIHMKMX MOBHHX Mozemei [16]. Jlus
3a0e3leUeHHs] CTPYKTYpPOBAaHOTO 30€peXeHHS JaHMX Ta iXHbOI CYMICHOCTI
BUKOPHUCTOBY€eThCS TexHonoriuauii ctek RDF (Resource Description Framework —
CTaHIAPT JJIs PEe/ICTaBIICHHS ITaHUX y BUIIISAI rpady 3Hans), OWL (Web Ontology
Language — moBa st onricy ontororiii) Ta SPARQL (SPARQL Protocol and RDF
Query Language — MmoBa 3anutiB 11 poboTu 3 nanumu B popmari RDF). Peanizaris
MocHiZIoBHUX (a3 3a wmerozosoriero  Methontology (Bixm cherudikamii 1o
IMIUIEeMeHTallii) Moke OyTH BiATBOpeHa uepe3 (OpMyBaHHS CTPYKTYPOBaHHX
iHCTpYKUiH (mpomnTiB) 11 cyyacHuX LLM (Benmukux MOBHUX mMozedeit) [16].

[IpupoanuM iHCTPYMEHTOM 115 Bizyasi3alii BUSIBICHUX CyTHOCTEH Ta iICHYIOUHX
MiXX HAMH 3B’SI3KIB BUCTYMAaIOTh Tpadu 3HaHb [15]. B yMoBax aHami3y coriaabHHUX
mwiatpopM By3namMu rpada CTalOTh BIANOBIAHI KOHUIENTH (0coOH, JOKalii,
opraizamii M moxii), a peOpaMu — BCTaHOBJIEHI CEMAaHTHUYHi BiJHOIICHHS.
[NoeaHaHHS TEMAaTHYHOTO MOJICIIOBAHHS 3 IPpad)OBUMH TEXHOJIOTISIMU JI03BOJISIE HE
JIUIIE OKPECITIOBATH KOJIO TeM, a i (iKCyBaTH KOHIICTITYaIbHi B3aEMO3B’SI3KH MiXK
HUMH.
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Pe3yabTaTn gociaigxeHHs
[opiBHATLHUI aHAJTI3 MeTOAIB TEMATHYHOI0 MOJEJTIOBAHHS

Ha ocHOBI mpoBemeHOro OrJsAy JITEpaTypu CKIAJICHO TOPIBHSUIBHY
XapaKTEePUCTUKY IIECTH METO/IIB TEMATUIHOTO MOJIEIIFOBAHHS 3 I’ SIThMa SIKiCHIMHU

kputepismu (tadmurs 1).

Tabmuns 1. SkicHe NOPiBHAHHS METOJIIB TEMATHYHOT'O MOICITFOBAHHSI

Meton TTipxin Juunamika | [puaathicTs Ans HinTpumka
y 4aci KOPOTKHUX TEKCTIiB YKp. MOBH

LSA Matpudna Ob0mexena | Cnabka [otpebye
(haxTopu3aris amarrrarii
(SVD)

NMF Matpudna Ob6mexena | JloOpa [otpebye
(haxTopusaris amarrrarii
(TF-IDF)

LDA baeciBchkmii Yepes DTM | Cepenns Taxk
TeHepaTUBHUI (3 KopmycoMm)

HDP Henapamerpuunuii  Yactkosa Cepenus Taxk
OalieciBChKUI (3 KopmycoMm)

Top2Vec @ BekrtopHi Oomexena | JloOpa Taxk
BKJIaJICHHS (mBERT)

BERTopic | Tpanchopmepni Bucoka Bucoka Tak (uk-BERT,
Mozeni mBERT)

KinbkicHEe TOpPIBHSHHS METOIB TEMAaTUYHOI'O MOJICIIIOBAHHS 3IIHCHEHO Ha
MIJCTaBl JaHUX JOCHIDKCHHS 3 pobotu [11], BUKOHAHOTO Ha JBOX peaIbHHX
Habopax JaHMX, 10 MICTATh KOPOTKi TekcTu. lleprmwmii Habip maHWX CKIIATAeThCs 3
29 200 KOpOTKHX BiATrYKiB KOpHCTYyBadiB AepkaBHoro noprany OAE, npyruii HaOip
naHux ckiaamaerbess 3 1 600 rorenpHuMx BiarykiB tatdopmu  TripAdvisor.
OmniHtoBaHHS POBOMIIOCH IIPH JIBOX 3HAa4eHHAX KimbkocTi TeM (k=5 ta k= 10) 3a
METPUKOI0 KoedilieHTa y3romxeHocTi TeM. OTpuMaHi pe3yabTaTH MOPIBHSHHS
HaBeJeHl B Tadymi 2.

Tabnuus 2. 3HaueHHS METPUKH Koe(iLlieHTa y3roIKEHOCTI TeM IS pI3HUX METOIB
TEeMAaTHIHOTO MOJIeTIOBaHHS [13]

Meron Iepumii Habip [epmwii HaOip Hpyruit Habip | dpyruit Habip
JIaHux, k =5 naHux, k=10 JIaHux, k =5 naHux, k =10

LSA 0,5 0,53 0,46 0,39

NMF 0,49 0,5 0,33 0,31

LDA 0,45 0,4 0,42 0,48

PAM 0,49 0,44 0,32 0,31

Top2Vec 0,56 0,54 0,38 0,33

BERTopic 0,62 0,56 0,58 0,6

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHs, BuIl. 1 (57), 2026



~ 167 ~

3 tabunui 2 BuaHO, 110 BERTopic qeMoHCTpye HaliBuIle 3HaUeHHS KoedilieHTa
y3ro/DKEHOCTI TeM Ha 000x natacerax (0,62 ta 0,58 mpu k = 5), mo miaTeepmkye
Horo mepeBary Uil KOPOTKMX HECTPYKTYpOBaHUX TeKCTiB. IIpumiTHO, 1m0 MeTox
NMF nokazye 6mm3bki 1o BERTopic pesynsratn Ha iepriomy Habopi nanux (0,49),
OJTHAK CYTTEBO TOCTYyMAaeThCs Ha Apyromy Habopi manux (0,33) — TOOTO ¥OTO
e(eKTHBHICTb 3AJIC)KUTH BiJl XapakTepy BXigHUX AaHuX. LDA nemMoHCTpye BiTHOCHO
cTabinpHI pe3ynbTaTH Ha 000X HabopaxX AaHWX i 30epirae mepeBary JUIsi 4acOBOTO
aHauizy 3aBasku posmmpenHio DTM [10]. OxpeMo BapTo 3a3HAYUTH, 110 IS 381241
pO3Mi3HaBaHHs IMCHOBaHUX CYTHOCTEH B YKpaiHOMOBHHX TekcTax kopmyc NER-UK
2.0 3abe3neuye 6azoBuii piBens F1 = 0,89 na 13 kareropisix cytHocteit [7], 110
MiATBEP/UKYE  JocTaTtHiCTs HasBHOI NLP-indpactpykrypm mus  peamizarmii
3allPONOHOBAHOI apXiTEKTypH.

AHaJi3 miaxoxiB 10 mo0y10BH OHTOJIOTIH

[lopiBHSAHHSA TiAXOMIB A0 TOOYIOBH OHTOJOTIM 3MiMCHIOBAaJIOCA 3a TpbOMa
KpUTEpiAMU: piBEHb aBTOMAaTH3allii, aJalTOBAHICTE JO HECTPYKTYPOBAHOTO
KOHTEHTY Ta MiATPUMKA YKpaiHOMOBHHX TEKCTiB. PyuHuid miaxix Ha OCHOBI
BHUKOpHCTaHHS nporpamu Protege [18] 3a0e3nedye HaliBHIy SKICTh, aje MOTpedye
3HAYHUX 3yCHIIb EKCTepTa 3 BiANMOBiAHOI mpeaMeTHoi oomacti. NER-TtexHOMOTIUHI
nporiecu Ha 0a3i Bukopuctanas NER-UK 2.0 [7] € 4acTkoOBO aBTOMaTH30BaHUM Ta
Oe3nocepelHb0 NPUIATHUM JJIs YKpaiHOMOBHHMX TekcTiB. LLM-minxim [16] i3
cTpykTtypoBaanmu Methontology-npomnTaMu € HalOIIBII aBTOMAaTH30BaHUM,
MpOTe PO3POOISABCS Uil CTPYKTYPOBaHUX AHTIIOMOBHHX JTOKYMEHTIB i HOTpeOye
ajanTarii sl KOPOTKKX JIOMKCIB Y COIlIAIbHUX MEPEKaX.

KonuentyajabHa apxiTekTypa iHdopmaniiinoi TexHoJi0ril

Ha ocHOBI npoBeieHOro aHaji3y 3apONOHOBAaHO KOHIENTYAIbHY apXiTEeKTYpy y
BUTJISII 11’ SITHOJIOKOBOTO KOHBEEPY JUIsl BUAOOYBaHHS 3HaHb 3 YKPaiHOMOBHOT'O
KOHTEHTY COllialbHUX Mepex (puc. 1).

Bbuaok 1. 36ip nannx (OSINT-moayib). ABTOMaTH30BaHUN 30ip TEKCTOBOTO
KOHTEHTY Ta MeTananux 3 mardopm Telegram, YouTube, Facebook uepes odiritini
APIL. Pa3om i3 TekcToM (iKCYIOTHCS METPUKH 3alTy4eHOCTi (Teperisiau, peaxiii,
KOMEHTapi, perocTy) Ta 4acoBa MiTKa ITyOiKatii.

Bnox 2. TIlomepenns  NLP-00po0ka. TokeHnizamis, JieMaTu3alis,
MopdosoriuHuii  aHami3 Ta  BHJAJIEHHSA  CTOM-CIiB 13  BHKOPUCTAHHSIM
iHCTpYMeHTapito Ui ykp. MoBu: Mogeneil Ha 6a3i BERT Tta xopnycy NER-UK 2.0
[7] nuis po3mi3HaBaHHS IMEHOBAHUX CYTHOCTEH.

Baok 3. TemaTnuHe MoJeJI0BAaHHA TA KJacTepu3anis. BusapneHHs TaTeHTHUX
TEMaTUYHUX CTPYKTYp i3 Bukopuctanusm LDA/HDP a6o BERTopic. s ananmizy
JMHAMIKH 3aCTOCOBYETBCS YacoBo-3pi3oBuit miaxif [10]: xopmyc po3OuBaeThcs Ha
4YacoBi BiKHA, a MDKBIKOHHE 3iCTaBJICHHS JI03BOJISE BIJCTCIKYBATH EBOJIOIIO
TEMAaTUK.

Buiok 4. IlodyaoBa oHToJI0riii Ta rpadiB 3HaHb. Ha 0CHOBI BUABIEHHX TEM Ta
IMECHOBaHMX CYTHOCTEH aBTOMATUYHO OyIyIOTbCS OHTOJIOTIUHI CTPYKTYypH Y
¢dopmari OWL 3a mpuniunamu Methontology [16]: (1) riocapiii TepMmiHiB,
(2) TakcoHOMisl KOHLENTIB, (3) curyaTuBHi 3B’s13ku. ['padu 3HaHE HOPMYIOTHCS Ha
OCHOBI1 CEMaHTHUYHOI OJIM3BKOCTI Ta CHIJILHOT 3yCTPIHaIbHOCTI CYTHOCTEH Y TeMax.
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Bbaok 5. Bisyauizanisi Ta iHTepnperauisi. BimoOpakeHHS BUSABICHUX TEM,
4acoBOI JUHAMIKU Ta KOHIENTYaJIbHUX 3B'SI3KiB. [HTErpariss MeTpUK 3ay4eHOCTI
JIO3BOJISIE PAHXKYBATH TEMU 32 CTYIICHEM PE30HAHCHOCTI B ayUTOPIi.

1) 36ip nanux 4) OuroJorii Ta
(OSINT-monyJib) rpagu 3HaHb 5) Bizyaaizauisa
- Telegram, - NER — riocapiit - I'pach 3HaHb
Facebook API - Takconomis (is-a) - YacoBa nuHamika
- Texct + MeTamaHi - CUTYyaTHBHi - PamxyBanHs TeM
- Metpuxu 3B’SI3KH - Jam6opn / 3BiTH
3amy4eHocTi -OWL/RDF/
- Yacora miTka SPARQL
2) NLP-06podka 3) TemaTnuHe
- TokeHizartist MO/IeJII0BAHHS
- Jlemaru3arist -LDA /HDP 3oporiit
- Mopdoananis - BERTopic 3B A30K
-NER-UK 2.0 |$ - Yacosi 3pizn
- Bunganenus - KoeilieHT
CTOII-CIIiB Y3TOKEHOCTI TeM

Puc. 1. KonuentyanpHa apxXiTeKTypa KOHBEEPHOI CHCTEMH Al BUAOOyBaHHS 3HaHb
3 YKpPalHOMOBHOTO KOHTEHTY COLIaJIbHUX MEPEK

BucHoeku

VY craTTi mpoBeeHO aHaNi3 Ta MOPIBHSHHSI METOIB TEKCTOBOI aHANITUKH IS
3aj1adi BUIOOYBaHHS 3HAaHb 3 YKPaiHOMOBHOTO KOHTEHTY COI[iaIbHUX MEpEex.
OTpuMaHO HACTYIHI PE3yJIbTATH:

1. 3a pe3ynpTaTamu KinbKicHOTO mopiBHAHHS [13] BcraHOBNEeHO, 10 BERTopic
(roedimient y3romkeHocti Tem = 0,62) nepesuinye LDA (0,45) ta Top2Vec (0,56)
JUIs. KOPOTKHX HECTPYKTYPOBAHHX TEKCTiB, 110 o0rpyHToBye BubOip BERTopic sik
OCHOBHOTO METOJly TEMaTHYHOTO MOJENIOBaHHS B 3allpOIIOHOBAHIN apXiTEeKTypi;

2. moka3zaso, 1o xopryc NER-UK 2.0 [7] i3 6a3zosum F1 = 0,89 € npaktuunum
IHCTPYMEHTOM Il pO3Ii3HAaBaHHS iMEHOBaHMX CyTHOCTeH y 13 Kareropisix
YKpaTHCHKUX TEKCTIB, BKIIFOUHO 3 KOHTEHTOM COIIiaIbBHUX MEPEK;

3. obrpyHToBaHo, mo LLM-minxix 10 aBToMaTnyHOi moOya0Bu oHTONOTIH [14]
Ha 0a3i Bigmomoi Meroauku Methontology € mepcrneKTHMBHHM, ajie MOTpedye
aganrarii mj crnenuiky KOPOTKMX YKPAITHOMOBHHX TEKCTIB COLIAJBHUX MEPEK —
Ha BiAMiHY B1Jl CTPYKTYPOBaHMX TEXHIYHUX JOKYMEHTIB, AJISl SIKUX BiH PO3POOIISIBCS;

4. 3ampONOHOBAHO KOHIENTYaJIbHY AapXiTeKTypy IT'STHOJIOKOBOTO KOHBEEPY
(OSINT, NLP-06po0ka, TeMaTH4HE MOJICIIIOBAHHS, OHTOJIOTII, Bi3yasli3ailis), 110
IHTErpye METPUKH 3aJIy4€HOCTI ayIquTOpii Ta [03BOJSIE BiACTEXKYBATH YacOBY
JTUHAMIKY TEM.

[IpakT4He 3HAYEHHS TOJSITAE B TOMY, IO 3apPONOHOBAHA apXiTEKTypa MOXKe
CTaTd OCHOBOIO Il PO3POOKH CHUCTEMH MOHITOPUHTY yKpaiHOMOBHOTO
iHpopmauiitHoro npocropy. IlepcnekTnBr mojanbmIUX AOCHIIKEHb — MPaKTHYHA
peanizaiisi KoHBeepy, naociipkeHHs edexktuBHocti BERTopic i3 momensmu
uk-BERT Ha peanpbHMX YKpaiHOMOBHUX NaHHUX COIIIAJILHUX MEpPEeX Ta po3poOka
CHeIlialli30BaHUX OHTOJIOTIH /Il OOpaHUX MPEeIMETHHX 00JIacTei.
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OF RUSSIA'S ARMED AGGRESSION ON THE ECOLOGICAL
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Abstract. The article is devoted to solving a pressing scientific and practical
problem, which consists in developing and implementing information
technology for remote and geoinformation monitoring of nature reserves in
Ukraine in conditions of military operations. The research is aimed at
increasing the reliability of assessing environmental losses, detecting
mechanical damage to landscapes, temperature anomalies, fire centers,
hydrological disturbances and structural changes in the earth's surface. The
work uses optical and radar satellite data, index analysis, multi-temporal
composites, digital terrain models and machine learning algorithms. The
proposed conceptual model of an integrated system allows for spatio-temporal
analysis, generating analytical maps and supporting decision-making on the
preservation and post-war restoration of natural ecosystems. The results
obtained confirm the significant scale of degradation of protected areas and the
need for systematic satellite monitoring as a tool for the evidence base of
environmental losses. The work uses a set of satellite data of different spatial
and spectral resolutions. Optical images of Sentinel-2, Landsat-8/9,
PlanetScope and WorldView allowed to perform an analysis of vegetation cover,
to detect traces of mechanical damage and burns. Radar data of Sentinel-1 and
ICEYE provided monitoring regardless of weather conditions.

The mathematical apparatus of the study involves the use of classification
algorithms of machine learning for automated selection of damaged areas.
Spatio-temporal dynamics were analyzed by comparing multi-temporal
composites.

Keywords: information technologies, remote sensing of the Earth, geographic
information systems, nature reserves, military operations, environmental
security, satellite monitoring, automated system, modeling accuracy, post-war
recovery, communication channels.
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THcTUTYT TenexoMyHikamiii i moGansHOro iH(opmarniiinoro mpoctopy HAH VYkpainwm,
M. KuiB, Ykpaina
’HanionansHuii yHiBEpCHTET 6i0pecypciB i PUPOIOKOPHCTYBaHHS YKpainu, M. Kuis, Ykpaina

I[PICTéHII}fIHI METOAH JOCIIKEHHS ONIHKH BIIINBY
3bPOMHOI ATPECII POCII HA EKOJIOITYHY BE3NEKY
MHNPUPOJHO-3ATIOBIJHUX TEPUTOPIN

Anomauyia. Cmammsa npuceéaueHa GUPIWEHHIO  AKMYANbHO20  HAYKOBO-
NPAKMUYHO20 3A60AHHA, WO NoAA2dA€ )y PO3pOOIeHHI ma npoeadIHCeHHi
inpopmayiinoi  mexHono2ii  OUCMAHYIUHO20  Ma  2e0IHOPMAYIUHO20
MOHIMOpUHY NPUPOOHO-3AN0BIOHUX Mepumopill YKpainu 6 ymoeax 80€HHUX Oill.
Hocniooicennss  cnpamosane Ha  NiOSUWeHHST OOCMOGIPHOCMI  OYIHIOBAHHS
€KONO2IUHUX ~ 6Mpam,  GUABNEHHA  MEXAHIYHUX  PYUHY8AHb  AAHOWADMIE,
memnepamypHux aHOMarill, NOJICENHCHUX 0CepeoKis, 2i0poN02ivHUX NOpYUeHb ma
CMPYKMYPHUX 3MIH 3eMHOI noseepxwi. Y pobomi eukopucmano Onmu4Hi ma
paodionoKayiuKi CynymHuKo8i Oami, iH0eKCHUll ananiz, 6a2amo4acosi KOMRO3umu,
yugposi mooeni penvedy ma aneoOpUMmu MAWUHHO20 HA8UAHHA. 3anpononosana
KOHYEenmyanibHa Mo0elb IHmeepo8anoi cucmemu 0036015€ 30ilCHIOBAMU
nPOCMOPO6O-4aAco8Ull anais, hopmyeamu anarimuyni Kapmu ma NIOMpumyeamu
RPULHATMA piulenb Wooo 36epencens i NiCIA80€HHO20 GIOHO6NEHHA NPUPOOHUX
exocucmem. Ompumani pezyromamu NIOMEEPONCYIOMb 3HAYHUL Macumab
Odeepadayii  3an0GIOHUX  mMepumopiti ~ ma  HeoOXIOHIiCMmb  CUCMEMHO20
CYNYMHUKOB020 MOHIMOPUHZY AK IHCMPYMeHmY O00Ka3060i 6a3u eKoi02iuHux
empam. Y pobomi 6UKOPUCMAHO KOMNJIEKC CYNYMHUKOGUX OAHUX pI3HOT
npocmoposoi ma cneKmpanibHoi po30inbHoi 30amuocmi. ORMuYHi 3HIMKU
Sentinel-2, Landsat-8/9, PlanetScope ma WorldView 0o3eonunu sukonamu ananis
POCIUHHO20 NOKPUBY, BUABUMU CAIOU MEXAHIYHUX PYUHY8aHb mMa 32apuiy.
Paodionoxayiiini oani Sentinel-1 ma ICEYE 3a6e3neuunu MOHIMOpUuHe He3a1eHCHO
810 NO20OHUX YMO8.

Mamemamuynuti  anapam  00CHiOdceHHs — nepedbauac  BUKOPUCMAHMHS
KAACUDIKAYITIHUX aN2OPUMMIE MAUWUHHO20 HABYAHHA OJi A6MOMAMU306AHO20
BUOINIeHHS NOWKOONCEHUX — OLIAHOK. Ilpocmoposo-uacosa ounamixa
AHANI3YEANACA WAAXOM NOPIGHANHA 0A2AMOYACOGUX KOMNOZUMIE.

Knrouosi cnosa: ingopmayitini mexnonozii, oucmanyiiine 30HOYS8AHHA 3eMili,
2eoinopmayitni  cucmemu, HPUPOOHO-3aN0GIOHI mepumopii, B0€HHI Oii,
eKon02iuHa Ge3nexa, CYnymHUKoSUti MOHIMOpUHe, asMmMoMamu308and cucmemd,
MOYHICMb MOOENI0BAHHS, NOBOCHHE BIOHOBNICHHS, KAHANU 36 3K

https://doi.org/10.32347/2411-4049.2026.1.171-178

Beryn

[NoBHOoMacmiTabHa 30poiitHa arpeciss pociiickkol (¢emepartii npoTH YKpaiHu
CHpUYMHIIA Oe3Mpelie/ICHTHHI HEeTaTUBHUI BILUTUB Ha ITPUPOIHO-3aMI0BIIHUI (HOH/
JepkaBd. 3HauHa YacTWHA 3aloBiJHUKIB 1 HalliOHAIBHUX MPHUPOAHUX IAPKIB
ONMMHWIACS B 30HI aKTUBHUX OoOHOBHX Jiii abo TUMYacoBOi OKymarlii, IIo
YHEMOJXKJIMBHJIO TPOBEACHHS TPAJAMIIHHOTO HA3EMHOTO €KOJIOTIYHOTO KOHTPOITIO.
Y Takux yMoBaX OCOONMBOrO 3HAYEeHHs HAOyBarOTh MJUCTAHIIAHI METOIU
JOCIIDKEHHSI, K1 3a0e3MeuyroTh onepaTuBHEe OTpUMaHHs 00’ eKTHBHOI iH(opMmarii
PO CTaH TEPUTOPi HE3AIEIKHO BiJ JOCTYITHOCTI MiCIIEBOCTI.
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[IpupoaHO-3am0BiAHI TEPUTOPIT € KITFOYOBUMH €JICMEHTAMH €KOJIOTIYHOT MEpexki
VYkpainu, BHKOHYIOTh (yHKIii 30epekeHHS OiOpPI3HOMAHITTS, MiATPHUMAHHS
T1IPONOTIYHOTO pEXUMY, cTalimizamii KIIMAaTHYHUX NPOLECiB Ta 3a0e3neueHHS
eKOCHCTEMHHUX MOCITYT. IX MOIIKOIKEHH s Ma€e JOBrOTPUBAJI HACIIIKA He JIUIIE IS
JIOKAJTFHUX €KOCHCTEM, a i 711 periOHAIBHOI €KOJIOTIYHOI Oe3IeKH.

B ymoBax BoeHHHMX [iii BHHHKIA HEOOXiJHICTh CTBOPEHHS IHTETPOBAHOI
iH(OopMaIifHOI CHCTeMH, 3[aTHOI TOEIHYBaTH CYIYTHHUKOBI CIIOCTEPEKEHHS,
reoiH(OpMaIifHII aHami3 Ta ajJrOPUTMH IITYYHOTO 1HTENEKTY Ul KOMIUIEKCHOT
OLIIHKU MacIITabiB Aerpaaallii IpUPOJHUX TEPUTOPIH.

AHaJIi3 ocTaHHIX J0CTiMKeHb i myomikaniid. CBiTOBHI Ta BITYM3HIHUHN JTOCBIJ
MiATBEP/DKYE BUCOKY €()eKTUBHICTh 3aCTOCYBAaHHS CYITyTHUKOBUX TEXHOJIOTIN IS
MOHITOPHHTY €KOJIOTIYHUX KaTacTpod, TEXHOTEHHHUX aBapiif, MaCIITAOHUX TOXKEXK,
MOBEHEH, TiAPOJOTIUYHUX MOPYIIEHb Ta HACTIAKIB BOEHHUX KOH(MIIKTIB. AKTHUBHUHA
pOo3BUTOK KocMiuHuX mporpam Sentinel, Landsat, WorldView, PlanetScope, a Takox
pamionokaniaux tiardgopm Sentinel-1, ICEYE, Capella cyrreBo posmmpus
MO>KJIMBOCTI OINEPATHBHOTO aHai3y 3MiH 3€MHOI MOBEPXHi, OCOOIMBO B YMOBax
00MEXEeHOTO TOCTYITY A0 TEPUTOPIiii, 10 3a3HATN PyHHYBaHb.

Kommunekcni reoindopmariiiini  TOCIIKEHHS BOJHUAX €KOCHCTeM YKpaiHW,
BUKOHaHI mia kepiBHUITBOM O.M. Tpodumuyka Ta 3a yuactio B.M. TpucHioka,
€.C. Auminosoi, O.C. byrenka, B.}O. BumnskoBa, cdopmyBanu cydacHy
KOHIIEMIII0 TIPOCTOPOBO-YaCOBOTO MOHITOPHHTY BOJHUX CHCTEM i3 3aCTOCYBAaHHIM
reoinpopMaIliiHUX MOJEICH 1 TPOTHO3HUX CIleHapiiB. Y 1ux poborax
MIKPECIIOETHCS 3HAYCHHS OaraTomapoBoi IHTEerpaiii JaHWX JJIsS OI[iHIOBAaHHS
€KOJIOTI9HOI Oe3nexu TepuTopiit [2-4, 7].

Mertopomnoriuni 3acagy Cy4yaCHOTO OUCTAaHLIMHOIO MOHITOPHUHIY NPHPOJHHUX
mporieciB Ta karactpodiunux siBuil Oynu chopMoBaHi y Iparsgx yKpaiHCBKHX 1
3apyOiKHUX JTOCHITHUKIB. 3HAYHUI BHECOK Y PO3BHTOK €KOJIOTTYHOTO MOHITOPUHTY
pPIYKOBHX JONHH Ta TEPUTOPIH i3 KaTacTpo(iyHUMH IMaBOAKAMH 3pOOIEHO
O.M. Anamenkom Tta J[.O. 30piHuM, AKi y pamMKax JOCHipKeHb J{HICTpOBCHKOTO
MPOTHUIIABOJIKOBOTO  TOJIITOHY  OOTPYHTYBalM HEOOXIMHICTH  KOMILIEKCHOTO
BUKOPHUCTaHHS reoiH(opMaIlifHuX TEXHOJIOTIH 1 TaHUX TUCTaHIIIHHOTO 30HAyBaHHS;
JUTSL OI[IHKHM €KOJIOTIYHOTO CTaHy TEPUTOPIH Y KPU30BUX yMoBax [1, 5].

3Ha4HMI BHECOK Y PO3BUTOK KOCMIYHOTO MOHITOPHHTY O€3IIEKH BOJHUX CHUCTEM
3pobuB [.5l. KpacoBchkuii, sikuii OOTpyHTYBaB BHUKOPHCTAHHS TeOiH(GOpPMAIiHHIX
TEXHOJIOT1H I OIIHKK CTaHy BOJHHUX OO €KTIB Ta 1X 3aXUCTy BiJl TEXHOT'€HHOTO
BIUIMBY. VIOro JOCIiKEHHS 3aK/IalMd OCHOBY JUIsl BIPOBA/KGHHS KOMILICKCHHX
CHCTEM €KOJIOTIYHOTO MOHITOPHHIY Ha JIeP’KaBHOMY PiBHI [8].

CyuacHi migxogum A0 0OpoOKH CYIYyTHHUKOBHX JaHUX IependayaroThb
BUKOPUCTAHHS CHEKTPAIbHUX 1HIEKCIB JUIsS OIIHIOBaHHS CTaHy POCIHHHOCTI,
BOJIOTOCTI TPYHTIB 1 TOBEpXHEBUX BOJ, aHAN3 TEKCTYPHUX XapaKTEPUCTUK
300pakeHb, OararoyacoBe MOPIBHAHHS CLEH, a TAKOXK 3aCTOCYBaHHS aJlTOPUTMIB
MallMHHOTO HaBYaHHS, 30kpeMa Random Forest, Support Vector Machine Ta
rOokux HehpoHHux Mmepex tuny U-Net. JlocmimkeHnHs y cdepl OIiHIOBaHHS
JOCTOBIPHOCTI iH(oOpMamii B ymMOBaX HeBH3Ha4deHOCTi, BUKOHaHi C. 3aiiueBum,
B. Bacunenkom, B. TpuchHrokom Ta T. TpHCHIOKOM, pO3MIMPHUIM MOKIHBOCTI
QIalITUBHOTO aHaJ3y BEJIIMKUX MAacHBIB JIaHUX Y CKIQJHUX I1HQOpMAIiifHNX
Cepe/IoBHINAX, 0 € OCOONMBO aKTyalbHUM JUIi MOHITOPUHTY TEPUTOPIH Yy 30HI
OotioBUX i [6].
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TakuM YWHOM, HAKOMHMYCHWH HAYKOBUH MOPOOOK y Tally3i IHUCTaHIIIHHOTO
30HAyBaHHS 3eMili, reoiH(OPMaIlifHOTO MOCIIOBAHHS Ta aHANi3y CKOJOTIYHUX
PHU3HUKIB CTBOPIOE MIIHY TEOPETUKO-METOAOJIOTIYHY OCHOBY Ui JTOCHIIKCHHS
BIUTHBY 30pOIfHOT arpecii Ha MPUPOAHO-3aMOBiIHI TepuTopii. BomHodac crermdika
BOEHHHMX BIUIMBIB BHMAra€ IOAAJBINOI amanTamii iICHyIOYHX METOAWK /10 YMOB
HETIOBHOTH JaHWX, CKJIaJHUX aTMOCQEpHHX SIBUII, HASBHOCTI AMMOBHX 3aBIC,
py¥iHYBaHHS 1HOPACTPYKTYpH Ta BHUCOKOI TUHAMIKH MpocTopoBux 3MiH. Came i
oOctaBuHH  OOyMOBIIOIOTH  HEOOXIAHICTb  pPO3POOJIEHHS  IHTETPOBAHUX
iHpOpMaIifHMX TEXHOJOTiM, 10 TOEAHYIOTh JUCTAHILIWHUN MOHITOPHHT,
reoiHpopManiiiHuii aHami3 1 CHUCTEMH WIATPUMKHA MPUAHATTSA pIMICHb IS
3a0e3redeHHs eKONOTI9HOI Oe3MeKH Iep)KaBh B YMOBaX BOEHHUX BHKJIHKIB.

MeTto pob60OTH € PO3pOOJICHHS HAYKOBO-METOAMYHHUX 3acajy 1 MporpamHO-
AQHAJITHYHOTO iHCTPYMEHTApIIO0 IS OL[IHKH BILTUBY 30pOiHOT arpecii Ha eKoJOTiuHy
0e3neKy NPUPOIHO-3AMOBIMHUX TEPUTOPIM 13 3aCTOCYBaHHAM JTUCTAHIIIHOTO
30HAyBaHHS 3eMJIi Ta TeoiHpOPMAIITHIX TEXHOIOT 1.

JJist JOCSITHEHHS! TOCTaBIEHO METH BUPIIIICHO TaKi 3aBIaHHS:

— 3MIACHUTH IPOCTOPOBO-YACOBHU aHAIII3 TEMIIEPATypHIX aHOMATIH;

— BUSIBUTH MEXaHIuHI pyHHyBaHHs JaHImAadTIB Ta imKeHepHi popTUdikarii;
— OL[IHUTH 3MiHH 3eMENLHOTO MIOKPHBY;

— noOynyBatu inTerpoBany ['IC-Mozeb BOEHHHX €KO3MiH;

— copMyBaTH AOKa30BY KapTorpadiuny 6a3y eKOIOTidHUX BTpAT.

O0'exToM aociaimkeHHsl € Tpolec iHOOPMAIIHUX TEXHOJOTIH Ui OLIHKH
BIUIMBY 30pOIHOI arpecii Ha eKOJIOTiYHy Oe3MeKy MPUPOIHO-3aI0BITHUX TEPUTOPIMH.

Buxkiaa ocHOBHOro MaTepiajty 10C/IiIKeHHs

Po3poGiiennss iH(pOpMAaIiHHOI TEXHOJOrl JUCTAHIIMHOTO OIIHIOBAHHS BILIUBY
30poiiHOi arpecii Ha eKoJoTiYHy Oe3leKy NPUPOJIHO-3aNOBIIHUX TEPUTOPiit
IPYHTYEThCS HAa CHCTEMHOMY TIJIXO/Ai [0 aHaNi3y JMOBKIJUIS SK CKIAJHOI
0araTopiBHEBOI IPUPOTHO-AHTPOIIOT€HHOT CHCTEMH, IO QPYHKIIIOHYE Y POCTOPI Ta
gaci. Y MeXax 3alpoNOHOBAaHOI KOHUEMLii NPUPOAHO-3AMOBiAHA TEPUTOPIS
PO3IIISIAETHCS K TUHAMIYHUNA 00’€KT CIIOCTEPEKSHHS, CTaH SKOTO BU3HAYAETHCS
CYKYIHICTIO  010()i3MYHUX, TiAPOJNOTiYHUX, JAaHAAQTHUX Ta OIOTHYHUX
XapaKTepHUCTHK, 1110 NepeOyBarOTh Y B3a€EMO3B’ SI3KY Ta B3a€EMO3aJICKHOCTI.

VY noBoeHHMI mepiol Taka cucTeMa (PYHKIIOHYE Yy BiTHOCHO CTaOilIbHOMY
peKHMMI, [0  XapPaKTEPU3YEThCS  CE30HHOK  LUKJIIYHICTIO, TNPUPOJTHUMHU
GuyKTyarissMi Ta aganTHBHAMH MEXaHi3MaMH camoperyismii. 30poiHa arpecis
BUCTYNA€ MOTYXHMM 30BHILIHIM JAECTPYKTHBHUM (DakTOpoM, SIKMA MOpyLIye
yCTaJeHi eKOJIOT1UHI 3B’ SI3KU, TPAHCHOPMYE CTPYKTYPY JaHAIIA(TIB Ta CIPUINHSIE
HE3BOpPOTHI 3MiHM Y (YHKIIOHYBaHHI eKocucTeM. boioBi ii, apTHIEpIHChKI
00CTpiaM, MiHyBaHHsI, IEPEMILLIEHHS] BaKKOI TEXHIKH, CTBOPEHHsI (opTUdikaLiiiHnx
CHOpPY/, pyHHYBaHHS Ti[POTEXHIYHUX 00’ €KTIB Ta MOXKEXKi (HOPMYIOTh KOMILICKCHUH
BIUIMB, III0 M€ SIK IPsAMI, TaK 1 orocepeikoBaHi Haciaku [2, 3].

VY 3B’s3Ky 3 IIMM BHHHUKAa€ HEOOXiAHICTH GopMmyBaHHs iH(opmamiiiHoi Mozeni
TepUTOPii, siKa J03BOJISIE BioOpasuTH ii cTaH 0 MOYaTKy BOEHHHUX [IiH, y mporeci
aKTUBHOT (pa3u KOHQUITIKTY Ta Ha eTari MmicIsaBoeHHOT Tpanchopmarrii. Taka Moenb
OyayeThCsl HA OCHOBI iHTETpallii 6araToCIeKTPaIbHUX CYITyTHUKOBHX 300pakeHb,
panmionokauiiHUX JOaHWX, UOu(poBux Moaenedl penbedy, KapTrorpadidHHX
MaTepiaiiB Ta CTATHCTUYHUX MTOKAa3HHUKIB.
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Ha mnepuiomy erami 3aificHiOeTbess (opMyBaHHS 0a30BOr0  €KOJIOTTYHOTO
npodinto Teputopii, skui BigoOpakae MPUPOIHI Mexi naHamadTiB, CTPYKTypy
POCIMHHOTO TIOKPHBY, TiAporpadiuHy Mepexy, TUIH IPYHTIB Ta MPOCTOPOBHUI
posmoxin GiotomiB. Lle¥ mpodins € eTATOHHUM CTaHOM, 3 SKHM IOPiBHIOIOTHCS
momaibini 3MiHM. ba3oBuil cTaH BW3HAYAETHCS MUIAXOM aHANI3y apXiBHUX
CYMYTHUKOBHX JaHUX 3a JEKiJIbKa POKiB JI0 MOYaTKy aKTUBHOI (a3u OOHOBHX i,
110 A03BOJISIE BpaxXyBaTH MIPUPOIHY MIXKPIYHY MiHJIHBICTb.

Hpyruii eran nepenbadae (ikcamiro Ta JOKaJi3alil0o BOEHHO 3yMOBIEHUX 3MiH.
JIs 1bOTO 3aCTOCOBYETBCS 0ararodacoBWii aHAJi3 3HIMKIB, SKHIA JI03BOJISE
iIeHTU]IKYBaTH AUSIHKH, IO 3a3HAIM Aerpaaauii. 3MiHH POCIMHHOTO MOKPUBY
MPOSBISIOTECS Yy 3MEHIICHHI IMITBHOCTI Olomacu, 3MiHI CHEKTpaIbHHUX
XapakTepUCTUK abd0 IMOBHOMY 3HHUIICHHI POCTMHHOCTI. Taki AUISTHKH 4iTKO
BUAUISIOTBCS Ha  0araTOCHEKTpPalbHUX 300paKEHHAX Ta MOXYThb OyTH
KiacuQiKoBaHi sIK 30HH MOXKEeXK a00 MEXaHIYHUX PyHHYBaHb.

MexaHiuHl TOMKOMKEHHS JaHAmadgry MaroTh crenudidai MopdoIoriyHi
O3HaKH, TIOB’s3aHi 3 TOPYIICHHSIM MIKpOpeNbeQy Ta CTPYKTYpPHU TIPYHTOBOTO
nmokpuBy. CTBOpEHHS OKONIB, TpaHIIEH, YKPUTTIB [UIsI TEXHIKM Ta IHIIAX
IHKEeHEepHUX cropyA (GopMye XapaKTepHi JiHIWHI Ta TOJTITOHAIBHI CTPYKTYPH, IO
no0pe ieHTU(IKYIOTBCS Ha 3HIMKaX BUCOKOI po3AuIbHOT 3naTHOCTI. [lepecyBanus
Ba)KKOI TEXHIKH CIIPUYMHSE YIIITbHEHHS IPYHTY Ta MOSBY CIIiJIB, IKi 30epiraloThCsl
TPHUBAJIMI Yac 1 BINIWBAIOTH HA MTOAJIbIIE BiAHOBICHHS POCIHHHOCTI.

[loxkexxHa aKTHBHICTh AaHANI3YEThCS Yepe3 IMPOCTOPOBY  KOHIICHTPAIO
TEPMIYHHX aHOMAJIil Ta 3MiHY KOJBOPOBHUX XapaKTEPHCTHK MOBEPXHi. Y BOEHHUIA
MepioJ] KUTKICTh MOXKEX 3HAYHO TEPEBUIIYE HOBOEHHI IMOKA3HHUKH, IO CBIAYUTH
npo iX aHTPONOreHHEe IOXOKEeHHS. MacoBi TOXEXi NPH3BOAATH 10 BTpPATH
010pi3HOMaHITTSI, pyHHYBaHHs MiCllb THi3JyBaHHsS MNTaxiB, 3HUIIEHHS PiAKICHUX
POCIUHHMX YIPYIOBaHb Ta 3MiH y TPO(IUHUX JIAHIIOTaX.

OcoOnuBe 3HAa4YeHHs Ma€ aHali3 TiAPOJIOTIYHUX 3MiH, OCKIUJIbKH PYyHHYBaHHS
T1IPOTEXHIYHKX CIIOPY/] Ta MOPYIISCHHS BOJJOOOMiHY BIJIMBAIOTH HA BEJIUKI TEPUTOPII.
[ligrorieHHss NPUOEPEKHUX 30H, 3MiHA COJIOHOCTI BOJM Ta HAIXO/DKCHHS
3a0pyHIOIOYMX PEYOBMH (POPMYIOTh BTOPHHHI €KOJIOTivHI edekTn. [lucraHmiiHi
METOAM JI03BOJISIOTH OI[IHUTH 3MiHY IUIOII BOAHOTO J3€pKaja, BU3HAYUTH 30HU
MiITOTUICHHS Ta BCTAHOBUTH HAIPSIMKH TpaHCcopMarlii BOJHO-00JOTHUX €KOCHCTEM.

BaxiMBOIO CKIIAQJI0OBOIO € TPOCTOPOBO-4AacOBA arperaiis OTPUMAaHHUX TaHUX.
KosxHa TepuTopiasbHa OIUHUI OTPHMY€E KOMIUIEKCHY XapaKTepHCTHKY CTYIICHS
MOIIKO/DKEHHS, sIKa BPaXxOBY€ I1HTEHCHBHICTh TMOXKEXK, IUIONIYy MEXaHIYHHUX
pyWHYBaHb, 3MiHY POCIHMHHOCTI Ta TigpoJioriuHi TpaHcdopmaii. Takuil mmimxis
703BoJIsIE€ ChOPMYBATH KapTy €KOJOTTYHOIO PUHKY Ta BUALIUTH NPIOPUTETHI 30HHU
JUISL BIJTHOBITIOBAIBHUX 3aX0IiB.

Just 3a0e3reveHHs] JIOCTOBIPHOCTI aHalli3y BUKOPUCTOBYETHhCS IepexpecHa
nepeBipka pi3HUX Kepen iHdopmanii. JJaHi oNTHYHMX CEHCOPIB 31CTaBIISAIOTHCS 3
panioNoKaliiHUMHK, IO JO3BOJISIE 3MEHIIMTH BIUIMB aTMOC(EpHHX YMOB Ta
XMapHOCTi. bararouacoBi KOMIIO3UTH JIO3BOJISIFOTh BPaxyBaTH CE30HHY MiHJIMBICTh
Ta BUKJIIOYUTHU NPUPOIHI (pakTOpH, HE OB’ sA3aH1 3 BOEHHUMH HisiMH [6].

[aTenekryanbHi anroputMu Kiacuikaiii aBTOMAaTHU3YIOTh Ipolec O0OpOOKH
BEJIMKHX MACHBIB JJaHUX. MoJieNni MallliHHOTO HaBYaHHS HABYAIOThCS Ha BHOIpKax,
c(OpPMOBaHHUX EKCIEPTHHUM IIUIIXOM, 1 HaJlaJli 3aCTOCOBYIOTHCS JIO BCi€l TEpUTOPIi
nocmimpkeHHs. Le 1o3Boisie 3a06e3meunTy onepaTHBHICTh OTPUMAaHHS Pe3yJIbTaTiB Ta
MiHIMI3yBaTH cy0’eKTUBHHN (DaKTOp.
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OcobnuBy yBary mpuiiieHo (OPMYBaHHIO IHTErpOBaHOI reoiH(OpMaIiiHOT
0a3m, sKa aKyMylllO€ BCi pe3yiabTaTd aHaiily. baza JaHuUX MICTHTh IIapu
MOILIKO/DKEHb PI3HOTO THITY, IO MOXYTh OyTH KOMOIHOBaHi Ui MPOBEACHHS
KOMIUTIEKCHOTO aHamizy. KoxkeH map mae aTpuOyTHBHY iH(GOpMAIliIO0 MIOAO JaTH
(hikcarii, TUTOIII TTONITKO/KEHHSI Ta THITY BILUIABY.

BucHoBku

VY pe3ynbpTaTi BHKOHAHOTO AOCHIIKEHHS CPOPMOBAHO HAYKOBO OOIPYHTOBaHY
KOHIIETIIIF0 TUCTAHIIIHOT OI[IHKU BIUIMBY 30pOMHOI arpecii Ha eKoJIoriuHy Oe3reKy
MIPUPOIHO-3aMOBITHIX TepuTopiii YKpainu, mo Oa3yerbcs Ha iHTerpamii
0araTocrekTpalbHUX ONTUYHUX, PaIiONOKAIIHHUX Ta TEPMIUYHHX CYMYTHHKOBHX
JaHuX 3 TeoiH(QOpMaliiHUMU METOJaMH aHali3y MPOCTOPOBO-YaCOBHX 3MiH.
3anpomoHOBaHUN TIAXiJ TO3BOIISE PO3TISAATH MIPUPOTHO-3AIMOBITHI TEPUTOPIT SIK
CKJIaJIHI IMHAMIYHI CHCTEMH, CTaH SKUX TPaHC(HOPMYEThCS ij] BILTABOM BOEHHUX
JiHA, 1 3a0e3meuye KUIbKICHE Ta sIKICHE OI[IHFOBAHHS MacIITaOiB 11iel Tpancdopmarlii.
3acTocyBaHHS 0araTo4acoOBUX CYITyTHUKOBUX KOMITO3HTIB JO3BOJIHIIO BIIOKPEMHTH
MIPUPOTHY CE30HHY MIHIJIMBICTB Bil aHTPOTIOTEHHMX 3MiH T4 BCTAHOBUTH NMPHUYHUHHO-
HACJIIJTKOBI 3B’SI3KH MiXK BIHCHKOBOIO aKTUBHICTIO 1 IErPaaIli€lo eKOCHCTEM.

Y mpotieci TOCIHIHKEHHS M ITBEPIKESHO, 1110 BOEHHI JTii MPU3BOASTH 10 3HAYHOTO
3pocTaHHs (parMeHTanii MPUPOMHUX JaHMA(TIB, 3HIKEHHS MPOTYyKTHBHOCTI
€KOCHCTEM, IOPYILICHHsI CTPYKTYpH 010TOMIB Ta BTpaTH 610pi3HOMaHITTsL. Oco0INBO
BPa3JIMBUMH BUSIBUJIHCS TPHOEPEKHI Ta BOAHO-00JIOTHI €KOCUCTEMH, JI€ TOEAHAHHS
MEXaHIYHUX PYWHYBaHb 1 TIAPOJOTIYHUX TpaHChopMalliii GopMye TOBroTpHUBaii
HeraTHBHI Hachiaku. OTpuMaHi pe3ylbTaTd CBiguaThb OpPO Te, W0 Macurad
EKOJIOTITYHUX 3MiH Ma€ CHUCTEMHHH XapakTep 1 BUXOJUTH 32 MEXKi JOKAIbHUX
MOIITKO/KEeHb, BIUTMBAIOYH Ha PETiIOHANBHI PUPOHI KOMILIIEKCH.

IHTerpamiss CynmyTHHKOBUX JaHUX pi3HOI (i3WYHOI TpHpomu 3abe3rnednsia
MIJBUIICHHS JOCTOBIPHOCTI OIIIHIOBaHHS CTaHy JJOBKULII. HaykoBa HOBH3HA
JOCII/PKEHHSI TIOJISTae Yy CTBOPEHHI iHTErpoBaHol iH(pOpMAIiiHOT MOJIeNli BOEHHO
3yMOBJICHUX €KOJOTIYHMX 3MiH, IO TMO€AHY€E OaraToCIEKTpaIbHUN aHali3,
MPOCTOPOBO-YaCOBE MOJICIIOBAHHS Ta €JIEMEHTH CHCTEM MiATPUMKH TPHAHSITTS
pileHb. 3amnporoHOBaHA MOJENb J03BOJsSE€E He Jmiie (ikcyBatu ¢akT
MIOIIKO/PKEHHS, ajie ¥ OIiHIOBAaTH 1HTEHCUBHICTH, IPOCTOPOBI MEXI Ta MOTEHITIHHI
JIOBrOCTPOKOBI HACIIIKH JAeTpajallii MpUPOJTHUX KOMIUIEKCIB.

[lpakTyHe 3HAa4YeHHS OTPUMAHMX pE3yJbTaTiB IMOJSITa€ y MOXKIMBOCTI
(dhopmyBaHHsI 10Ka30BO1 0a3u EKOJOTIUYHUX 30MTKIB, MIATOTOBKH aHATITUYHUX KapT
JUISl OpraHiB AeP’KaBHOI BIaM Ta MPUPOIOOXOPOHHUX YCTAHOB, a TAKOXK PO3POOIICHHS
pEeKOMEHAII 1100 IICAIBOEHHOTO  BIJHOBJICHHS €KOCHUCTeM. IHTerparis
Pe3yJIbTATIB IUCTAHIIIHHOTO MOHITOPUHTY JIO CUCTEM IMIITPUMKH MIPUHHATTS PillIeHb
CTBOPIOE IEPEIyMOBHU JJIsl BOPOBAIKEHHS 0araTOKpUTEPiaIbHOTO aHaJli3y PU3HKIB,
MPOTHO3YBAHHS CLICHAPIiB BiZIHOBJICHHA Ta ONTHMI3allii yIPaBJIiHCHKUX PillICHb.

[lepcnekTrBH MOJANBIIMX  JIOCHDKEHb TOB’s3aHI 3 YJOCKOHAJICHHSM
ITOPUTMIB aBTOMAaTHYHOTO PO3Mi3HABAHHS HOIIKOIKEHb, PO3IIUPEHHIM CIIEKTpa
BUKOPUCTAHUX CYNYTHHKOBHX CEHCODIB, 3allydeHHSM OE3MUJIOTHUX JiTalbHUX
amapariB Jii BHCOKOTOYHOTO JIOKAJIFHOTO OOCTEXEHHS Ta pPO3pOOJICHHSIM
CKOHOMIYHHMX MOJe/CH OI[IHKM €KOJOrIYHUX 30UTKIB. PO3BHTOK I1HTErpoBaHUX
iHpOpPMaLIHHUX CHUCTEM EKOJIOTIYHOTO MOHITOPHUHTY € Ba)KIMBOIO CKIIAJ0BOIO
3a0€3neYeHHS EKOJIOTIUHOT Oe3MeKH AepKaBH B YMOBaX CYYacHHUX BUKIIHKIB.
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ASSESSMENT OF THE DYNAMIC PARAMETERS OF COLUMN-TYPE
BUILDING STRUCTURES UNDER SEISMOACOUSTIC MONITORING

Abstract. The paper considers an approach to assessing the dynamic parameters of
column-type building structures under passive seismoacoustic monitoring. To
describe the response of the object, a mathematical model in the form of a
superposition of damped oscillators is proposed, and its parameters are determined
by minimizing the agreement criterion between the model and the experimental data.
Spectral analysis, the Levenberg—Marquardt method, and Monte Carlo trials are
used to obtain the optimal solution. It is shown that the free parameters of the model,
in particular the damping characteristics, are informative for identifying the
technical state of the object and can be used for long-term monitoring. The results
indicate that, at the time of observation, the object was in a stable stationary state.
Keywords: passive seismoacoustic monitoring, superposition of damped oscillators,
nonlinear optimization, Levenberg—Marquardt method, damping characteristics.

B.C. Mocrosuii', A.Il. Kopo6enko?

IHCTHTYT TeJeKOMyHiKamili i riao6amsHOro iHdopmamniiinoro mpocropy HAHY, . Kuis,
VYkpaina
2KuiBchbKUii HaioHABHUH yHiBepcuTeT iMeHi Tapaca Illepuenka, M. KuiB, Ykpaina

ONIHIOBAHHSI IMHAMIYHUX ITAPAMETPIB BY IIBEJIbHUX
KOHCTPYKIIN KOJIOHHOTI'O THUITY B YMOBAX
CEMCMOAKYCTUYHOI'O MOHITOPUHTY

Anomauin. Y cmammi po3ensnymo nioxio 00 oyiHo8anHs OUHAMIYHUX NAPAMEmpPI6
0y0igebHUX ~ KOHCMPYKYill ~ KOJIOHHO20 ~ Muny 6  YMOo8ax  NACUBHO2O
celcMoaKycmuuHo2o moHimopuney. /[na onucy peaxyii 06’€kma 3anponoHo8aHo
MamemMamuyHy Mooens Yy Gueisioi  CYynepno3uyii 3amyxarouux oCcyuisimopis,
napamempu Kol U3HAUAIOMbCA WIIAXOM MIHIMI3ayil KpUmepiio y32004CeH s MIdIC
MOOENI0 ma eKCNepUMEeHMANbHUMY OaHuMU. J{isi HOWYKY ONMuUMAibHO2O
PO38 3Ky UKOPUCIAHO CReKMPAbHULL ananis, memoo Jleeenbepea—Mapreapoma
ma eunpobysanusi Monme—Kapno. Ilokazano, wo 6inbHi napamempu Mmooeii,
30Kpema 0emMnghy8anbHi XapaKxmepucmuxy, € inpopmamueHumu 0t ioenmuixayii
MEeXHIYH020 CINAHy 00 €Kma ma MOXNCymob Oymu uKopucmari 0isi 00820MpUALO20
Mouimopuney.  Pezynemamu  Odocnioxcennsi  3aceiouunu, wo HA MOMEHM
cnocmepedicenb 00 ’ekm nepedy8as y Cmitikomy cmayioHapHoMy CIaHti.

Kniouosi cnosa: nacugnuii  ceucMOaKycCmudHull  MOHIMOPUHS,  CMAPIHHS
mamepiany, GilbHI napamempu MOOen, HeNHilUHa onmumizayis, Memoo
Jlesenbepea—Mapreapoma, cnekmpanbHull aHali3z, OeMnQyeanHs.
https://doi.org/10.32347/2411-4049.2026.1.179-189
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Beryn

[IpakTu4HUil [OCBiA, HAKONMMYCHWH AaBTOpaMH MiJ Yac MOHITOPUHTY HH3KH
NPOMHUCIIOBUX CIIOPYX, Ia€ IiJCTaBU CTBEPUKYBATH, IO IPOIEC CTAPIHHS
KOHCTPYKIIf MOXXKHa ONHMCATH 4Yepe3 MEeBHHH MPOCTip O3HAK, SAKHA (POPMYETHCS
CYKYIHICTIO TapaMmeTpiB, MOB’SA3aHUX 3 MPY)KHUMH BIACTUBOCTSMH MaTepiaiiB
JOCHiKyBaHUX 00’€kTiB. OCKIJIBKM IIBHAKICTH TOMIMPEHHS, a TakoX Qopma
MO370BXKHIX 1 MONMEPEeYHNX XBWJIb y MaTepiali BH3HAYAIOTHCA HOTO MPYKHUMH
XapakTepucTuKamMu, 30kpeMa Monyiem FOnra Ta xoedinientom Ilyaccona, 3mina
IUX BEJIMYMH HEMHUHYYE BiAOMBA€THCS 1 HA CHEKTPAIbHUX MapaMeTpax CUTHANIB
eMmicii, o0 BUHUKAIOTh y MaTepiaji B mpoiieci Horo cTapiHHs.

BrnacuHi wactoTH JOCHiPKEHHX KOHCTPYKLiM mepeOyBaiu B celcMidHOMY
niamazoni. s o0’exta, skuil mepeOdyBae y cTalliOHApHOMY CTaHi, Y peXuMi
MACHBHOTO MOHITOPHHTY CIIOCTEPIranocsi CTiiKe MepeMillleHHs BEKTOpY CTaHy B
MPOCTOpI O3HAaK y Mekax BIJHOCHO HEBENHKOro erincoima obeprannsa. Lle
MOSICHIOETBCSL  CTOXAaCTHYHOIO MPUPOAOI0 CaMOro TMpOILECy CIIOCTEPEeKEeHHS.
[ToniOHMiT XxapakTep MOBEAIHKH 30€piracThCs JOTH, JOKH B MaTepialli He MOYNHAIOTh
PO3BUBATHUCS SIBUIIIa BTOMH. 3 MO3UIII MaTepiaJo3HABCTBA BTOMA PO3TIISIAETHCS SIK
MOCTYIIOBE HAKOMWYEHHS JIOKAIBHUX CTPYKTYpPHHX TOIIKO/XKEHb, 110 BHHUKAIOThH
ITiJ] JTi€F0 NUKIIIYHUX HaBaHTaXeHb. [Ipy IbOMY MaKCHMaJIbHI HANIPY)KCHHS B ITUKJI1
3aJUIIAIOTECA HIDKYMMH SIK 32 TpaHWYHE HAMpyXKEHHs, TaK 1 3a MeXY MIITHOCTI
BIJIMTOBITHOTO MaTepiaiy.

PylinyBanHs MaTepialy sIK elleMeHTa KOHCTPYKIIi1 MOJISiTae y BTPaTi HUIM HEeCy4oi
3MIATHOCTI, a B TPAaHUYHOMY BHTAJIKy — Y BTPATi MPAIe3JaTHOCTI BCi€i KOHCTPYKIIii.
Takuii mporiec MOYNHAETHCS TO/I, KOJIM HAIIPYKEHHST HAOIIKAIOTHCS 10 KPUTHIHHX
3HAUYCHb 1 CIIPHYMHSIOTH HaAMIpHI Jedopmaliii, 3a SIKKX MaTepiai Micis 3aBeplIeHHs
[UKITy HABAaHTa)KEHHS BXKE HE TIOBEPTAETHCS JI0 IOYATKOBOrO cTany. Came B IbOMY
pa3i TpOSBIAETbCA TiCTepe3uC. byIb-SKuii Tepepo3noin eHeprii BcepeluHi
Marepiary CynpoBOKY€EThCS TIOSIBOIO CUTHAMIB eMicii. Taki CUTHa! SBISIOTH COOO0F0
XBHJII Halpy>KeHb, 10 BUHHKAIOTh YHACIIJIOK panToBOi BHYTPIIIHBOI NepeOya0BH
HaIpy>XEHOT0 CTaHy MaTepiary, CHpHYMHEHOT 3MiHaMH HOTO MIKPOCTPYKTYPH.

[MpyumHamMK TakuX BHYTPILIHIX 3MIH MOXYTh OYTH 3apO/KEHHS Ta PO3BUTOK
TpimuH, (a3oBi MEPETBOPEHHS B CYLUILHUX Marepianax, a TaKoX IOCTa0JIeHHs
3B’S3KIB MK CKJIaJOBUMH €JIEMEHTaMM CTPYKTypu. 3MiHa MapaMeTpiB eMiciiHuX
CUTHaNiB y 4aci BimoOpaxkae TpaHcopmaiito TPYXKHUX BIACTHBOCTEH
JnociipkyBaHoro o0’ekta. lle o3Hauae, 1m0 JUHaMiKa XapaKTEepUCTHUK emicii
MOB’si3aHa 3 JMHAMIYHUMH BJIACTUBOCTSAMH caMoOi KOHCTpyKIii. OmHak uepe3
HasBHICTh CTOXAaCTHYHOTO (POHOBOTO IIyMY IiJl YaC MOHITOPHHTY IO 3aJIEKHICTh
JOIUTBHO PO3TJISIATH K CTATHCTHYHY. Y 3B’S3KY 3 IIMM OJIHUM i3 KIIFOUYOBHX
3aBJlaHb € BU3HAYCHHs HaWOLIbII iHGOPMATUBHUX MapaMeTpiB Uit (OpMyBaHHS
MPOCTOPY O3HAK, Y MEXaX SIKOTO MOKHA aHaJIi3yBaTH IXHIO MOBEIIHKY B JUHAMIII
Ta Ha LIl OCHOBI OyAyBaTH BHUpIIIAIbHE MPABWIIO AJISl MPOTHO3YBAaHHSA TEXHIYHOTO
crany o0’ekta [1].

TakuMm 4nMHOM MocTae mpolbiiemMa aJeKBAaTHOIO BHMOOpPY MPOCTOPY O3HAK, IO
BioOpakae cTapiHHS Ta BTOMY KOHCTpYKUii. OcKiibky akTH4YHa iHpopMais Ipo
CTaH 00’€KTa JIOCTYIIHA JIMIIE OIOCEPENKOBAaHO — Yepe3 XapaKTePHCTHKH
3apeECTPOBAHUX CHTHAJIB eMiCii, — OI[IHFOBAHHS TaKOXK Ma€ HENPSMUI Xapakrep i
0a3yeTbcsl Ha aHai3i NOMIMPEHHS XBWIb eMmicii. J[MHamiyHi 3MiHM IHUX XBWJIb
TIPOSIBIIIOTHCS Yepe3 3MiHM iXHIX CHEKTPaTbHUX IapaMeTpiB. BimmosimHo, mpocTip
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CTIEKTPAIBHUX XapaKTePHCTHK (OPMY€EThCS HAa OCHOBI IApaMeTpiB, CTATHCTUYHO
MOB’s3aHUX 31 CcTaHOM camoro o0’ekta. CTOXacTWYHI BJIACTHUBOCTI TaKOTO
CKJIaJJHOTO BHIIAIKOBOTO MPOLECY 1 BiIOOpaKaroTh 3MiHY MPYKHUX XapaKTEPUCTHK
Matepiany. ToMy 3amada OIIHIOBaHHS MapaMeTPiB IBOTO TMporecy (HaKTUIHO
3BOJIUTHCS 10 BU3HAYCHHS TXHIX allOCTEPiOPHHUX IMOBIPHOCTEH, TUHAMIKA SIKUX JTa€
3MOTY CYJIUTH PO PO3BUTOK BTOMH Ta CTAPiHHS KOHCTPYKLII.

[lin macuBHUM CEHCMOAKyCTHYHUM MOHITOPHHTOM OymiBeNTFHUX 00’ €KTIB
PO3YMIIOTh CHCTEMaTHYHE CIOCTEPEKEHHS 3a IapaMeTpaMH HPHPOIHOrO (GOHY
JOCHTIKyBaHOT KOHCTPYKLii. Takuii mpuponHuil GoH € CyNepHo3uLi€l0 CUTHAIB
eMicii, 110 BHHUKAIOTh SIK YHACTIIOK BHYTPIIIHIX 3MiH CaMOro 00’€KTa, HapHKJIa]
YTBOpPEHHS MIKPOTPIIIIMH, TaK 1 BHACTIIOK HOTO peakiii Ha 30BHIimIHI 30ypenHs. Jlo
Takux 30ypeHb HaJieKaTh BITPOBI HABaHTAXKEHHSI, TPAHCIIOPTHI BIUTUBH, CEHCMiuHI
MoJIi1, KOJMBaHHS TPYHTY, a TAKOXK BiOpallii, mopo/pkeHi iHmUMH 00’ €eKTaMu pi3HOT
MIPUPOJIH, SIKi TAKOXK PearyoTh Ha 30BHIITHI YUHHUKH.

Orxe, MaTeMaTHYHa MOJICTb CTapiHHSA KOHCTPYKIIl TOBHHHA BPaxOBYBAaTH SIK
XapakTep 30BHIIIHIX BIUIMBIB, Tak i crenudiky peakmii camoro o0’ekra Ha i
BILTHBH. B OCHOBY 3aIpONOHOBAHOTO ITiXOAY MOKIAACHO TIilOTe3y, 3TiTHO 3 KO0
OyIb-siKe 30BHINIHE 30ypeHHS (opMye peakililo KOHCTPYKHii y BHTIAIL
CYINEpIO3uIlii OCHWIATOPIB, YaCTHHA SKUX BHHUKAaE B MeXax iHTepBaly
CTIIOCTEPEIKEHHS, a YacTUHA — 1Ie J0 Horo modatky. Came peKMMHE BiJCTEKEHHS
OUHAMIKH TapaMeTpiB Ii€i CYKYITHOCTI OCIWJIATOPIB 1 CTaHOBUTH CYTHICTh
MACHBHOTO CEHCMOAKyCTHYHOTO MOHITOPHHTY, CIPSMOBAHOTO Ha OIiHIOBaHHS
CTYICHS CTapiHHS JIOCIIIXKYBAHOTO 00 €KTA.

MareMaTu4Ha MOJeJIb
Sk auHAMIYHY MOJICNb JOCITIJKYBAaHOTO 00 €KTa PO3IJIAIAEMO CYIEPIIO3UIII0

3 [ + 1 ocuunsATOpiB, KOKEH 3 SKUX MOYMHAE JISITH Y BIACHUHA MOMEHT 4acy lgy;,
XapaKTepU3yEeThCsl TIEBHOKO aMILTITYA0IO0 [1,;, TapaMeTpoM 3aTyXaHHS KOJHMBaHb 3

MOCTIHHOIO Yacy l,,; 1 BIACHOI KyTOBOI 4acToToto l3,;,1=0,1 [2].
M(t,2) = Ti_o P(t = Apsso)hissq[eMes+aEAes+0)sin(d ;.545) (€ = Apsio)]] (1)

Je A — BEKTOp BUIBHHX MapaMeTpiB Mojemi, S — KUIbKICTh BIJIBHUX MapaMeTpiB
miamoneni, I + 1 — KibKiCTh miaMoIeNiei, siki 6epyTh ydacThb B cyneprnosuiii, P (z) —
onuHNYHA QyHKIis XeBicaiima. KoxkHa 3 migmoneneld — 1e Qi3uvHO 3aiiiCHEHHa
xewis [3]. SIx Bumno 3 (1), mume mapametpu l;, when mod(i, 4) = 1 Bxoasars 10
MOJIeJI JIIHIHHO, TOJII SIK pelTa napaMeTpiB MalOTh HENIHIWHUHA XapakTep.

OnrtumanpsHe OLHIOBAHHS NapaMeTPiB CUTHAIY NOJArae y BU3HAYCHHI TaKOTO
BEKTOPY BUIBHUX MAapaMeTPiB MOJIENI, 32 SIKOT'O JOCATAETHCS HAUKPALIE Y3TOPKEHHS
MiXK MOJICJIbHUM OITMCOM 1 EKCIIEPHMEHTAJbHO CIIOCTEPEKYBAHUMHU JIAHUMHU.
Y po0OTI pO3MISIHYTO BiIHOCHO MTPOCTHI BUIIAIOK, KOJIM MIPOO TaKOl Y3r0IXKEHOCTI
0o0paHO KBaJpaT BiIXWJIEHHS MoJeli Big o0pobieHnx naHux y(¢) y merpuni L. 3a
X YMOB KpuTepiit F (A) 3a1a€ThCsl CITiBBIHOIICHHSIM:

FQ) = [ [y(® — M(t, V)]dt , 2)

a ONTUMalbHA OIiHKA BUTBHMX MapaMeTpiB A* BU3HAYAETHhCA SIK TOYKA, sKa
MiHIMi3ye (2) B ipocTopi mapameTpis [4]:

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHs, BuIl. 1 (57), 2026



~ 182 ~
F(A") = r){lellrxl F(d)

y(t) — aHaniTHYHA AaNPOKCUMAIIisl BEKTOPY 3HAUYCHb 0OPOOICHHX CIIOCTEPEKYBAHUX
TaHuX, A - MHOKMHA MO>KJIUBHX 3HAUYCHb BEKTOPY A.

J11st 3HaXO0KEHHSI MiHIMYMY KpUTEpito HEOOXiAHO 00UMCINTH YaCTUHHI TOXiIHI
AF()

, k=0, K, TyT K+ — KiITBKICTB BCiX BIIbHUX MapaMeTpiB Mojeii. [IpupiBHsABIIN

EY
aap ;D’ k=0, K no Hys, OTPUMAEMO CHCTEMY PIBHSIHB, IO MA€ TAKUW BUTIIS:
k
OF(A) _ _ ML) ,, o
i = (O —MED] == dt = 0k=0,K. 3)

Cucrema piBHSIHD 3BOJAUTHCS 10
S ly@® -D(M(t,0)]dt = [ [M(t,2) - D(M(¢,1))]dt. 4)

Tyr D(M(t,1)) — Bextop dyHKLis, chopMoBaHuil 3 MOXIAHMX MOZEN MO BCix
KOMITOHEeHTaX BeKTopy A. s moxeni (1) 11e#t BEKTOp Mae BUIIISII:

M) | —

D(M(t,2)) = 7S =0S8;i=01I, (5)

i — mopsaKoBHH HOMep miamonedi B (1).

Jis moanbiux 00YMCIICHb IOIUTBLHO MOIaBaTH BEKTOP BUIBHUX MapaMmeTpiB A.

OntumaneHy OLIHKY MaTpHUIl BUIBHMX MapaMeTpiB A BHU3HAYalOTh SK TaKy
OLIIHKY, 10 3a0e3neuye HallMEHIEe 3HAYCHHS KPUTEPiI0 cepell yCiX JOKalIbHUX
MiHIMyMiB. Ko)xHUI JTOKaJIbHUIM MIHIMYM 3HaXOIATh SIK HAHOIMOKYHI 10 BUTIAJKOBO
o0paHOi TOYKM Yy MPOCTOpi MapaMeTpiB, fKa 3aJa€ThCS IICEBIOBUIIAIKOBHM
BEKTOPOM BiAMOBiAHOT po3MipHOCTi. [IpakTnyHO mponenypa modymoBaHa Tak: s
MHOXHHHU 3 M TICEBIOBUIAIKOBUX MaTpULb A OOUMCIIIOIOTE HAHOIMKYI JIOKaJIbHI
EKCTPEMYMH, MICIIsl 4Oro cepell YCiX 3HalJIeHUX JIOKaJbHUX MiHIMYMIB OOHparOTh
rnobaneHuit. CaMe Touka, 1o 3a0e3nedye HalMEHIIe 3Ha4eHHS KpUTepilo y Sx/
BUMIPHOMY IIPOCTOPI IMapaMmeTpiB, i IPUAMAETHCS K ONTUMAIIbHA OIliIHKA BUTBHUX
mapameTpiB  MOJeNli CHUTHaIy. 3acTOCyBaHHs Takol MpOHEeAypH JMda€ 3MOTY
3a0e3neynuT 301KHICTH JI0 ONTHUMAaJbHOTO PO3B’SI3KY 32 WMOBIPHICTIO 3i
301IBIIEHHSM KIIBKOCTI BUIIPOOYBaHb, TOOTO 31 3pOCTAHHSAM YHCIIa BUKOPUCTAHUX
TICeBIOBUITAIKOBUX MaTPHUIlh apameTpis A [5].

IIpuiaaHe Ta nmporpamMue 3ade3nevyeHHs J0CTiIZKeHHS

[lixg yac mpoBeneHHs MOCIKEHHS K YyTJIUBI €JIEMEHTH CUCTEMH peecTpalli Ta
00poOKM naHuX OyJno BHKOPHUCTAaHO TPHUKOMIIOHEHTHUH BEJIOCHMETp, SKHUIl
CKJIaJIa€ThCSI 3 TPHOX B3a€MHO MEPIEHANKYJIIPHUX CEHCOPIB 13 BY3bKOIO JiarpaMmoro
crpsiMmoBaHocTi. OJMH 13 HANPSIMiB OPIEHTOBAHO BEpTHKAIBLHO. [lomepenHiit anai3
pe3ynbTaTiB BUMIPIOBaHb MMOKa3aB, MO B I[bOMY HAaNpsMi piBEHb KOJHMBAaHb €
OpUOJIM3HO HAa TMOPAAOK MEHLIMM, HIK Y TOPU3OHTAIBHIN IJIOMIMHI, TOMY B
MOJANIBIINX PO3paxXyHKax BEPTHKaJIbHY CKJIaJ0BY He BpaxoByBayiu. CrekTpajibHa
XapaKTepUCTUKa TOPU30HTAJIBHO OPIEHTOBAHMX JIATYMKIB TPUIIAYy  Mac
JTBOMOJAIILHUH BUTIISL 13 MakcuMyMamu 1mo0iu3y 0.7 Tipi 13 I,
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AmapaTHa YacTHHA CHCTEMH CIIOCTEPS)KCHHS MOOyIOBaHAa SK ITOCIITOBHE
3’€¢IHAHHA KUIbKOX (DyHKIiOHaNbHHUX OJOKIiB: CEHCOpPIB, KaHaldy IMepeaaBaHHs
CHUTHAIy, aHaJIOT0-IM(POBOTO MEPETBOPIOBAYA Ta KOMIT I0Tepa.

HocnimxyBaanii 00’€KT € IHXEHEPHOIO CIIOPYIOI0, TOB’S3aHOI0 3 BEIHKOIO
KUTBKICTIO TIPUCTPOIB, IO MPAIOIOTh Ha MPOMHCIIOBIH gacToTi. Uepes e GoHOBI
3aBajii Ha Li{ YacTOTi Ta Ha MOB’A3aHMX 13 HEIO TAPMOHIKAX 1CTOTHO MEPEBHUIIYIOTh
piBEHb CHTHAIIB, 3aPEECTPOBAHNX HA BJIACHHUX YacTOTaX KOHCTpyKiii. Came Tomy
OTPUMaHi eKCIIepUMEHTAITBHI JaHi TOTPeOyBalli I'pPyHTOBHOI IOTIEpeTHFOT 00POOKH.

VY HamoMmy BUMAJKy Npolec BUMIPIOBAHHS 10 MOMEHTY HaJXO/UKEHHS AaHUX Y
KOMIT'IOTEp MOXKHA MOJATH Y BHUIVIALI CUCTEMH, IIO OMHUCYETHCA CYHNEPHO3ULIEIO
3ropTok curHainy S(z), hi(t) — mepeaarHoi ¢GyHKIIT npuOOpy (IS KOXKHOTO 3
npuOoOpiB BOHa iHAMBiAyanbHa), h,(t) — mepematHoi QyHKUII KaHANIB 3B’S3KY,
h;(t) — nepenatHol (GYyHKINI aHAIOTOBO-IU(POBOro mepeTBoproBaya [6]. B il
cucteMi S() — CUrHal, AKHif OCTYIAe B CHCTeMY, S(t) — MepeTBOPEHHI CHCTEMOIO
curHain. B miHililHOMYy mpHOIMDKEHHI MareMaTHdHa MOJEIh BHUMIPIOBAaHHSI
TPE/ICTABISIETHCS Y BUTIIS:

S() = S() * hy (t) * hy(8) * hs(8) + n(t) = S() * H(®) +n(),  (6)

ne  n(t) — BUIAAKOBAa CyMapHa IMOTPIIHICTH BiJ 30ypeHb, IO BUHHUKAIOTH Y

KOKHOMY €JIEeMEHTI cucTemu, a H (t) — mepeaaTtHa QyHKIiS CHCTEMU BUMIPIOBAHHS
B HitoMy. CUMBOI * — 11e orepartop 3ropTku. CTaTUCTUYHUI aHai3 MEPElKo/ 1a€
3MOTY MPUIYCTUTH, 110 N(t) MOXHA MOJCIIOBATH OUTUM IIyMOM. MareMaTu4Ha
006pobKa 3BOAUTECA 10 Mobya0BU onepatopa H~1(t), 3BopoTHOro 10 omeparopa
cuctemu H(t) Ta KOpeKIIii CHrHaJIiB IXHBOKO 3rOPTKOIO 3 onepatopom H ~1(t).

H(t) «H () = 6(¢) . (7)
B 1ipoMy BUTIIaJIKy MOJIENb CHCTEMH BUMIPIOBaHb MPUIIMAE BUTIISL
SO =[S@®*H® *n®)]*H(t) =S +n(t) * H(¢) . (8)

3 OCTaHHBOTO BUpa3y BHJIHO, IO Jis KOPUTYBAJIBHOTO OllepaTopa, Xoda i
3a0e3reuye BiHOBJICHHS CUTHATY, BOJHOYAC MOXKE MOTiPUIYBATH CITiBBiTHOIICHHS
CHT'HAJI-TIEPEIIKO/1a.

MoHiTopuHr 6yaiBeJIbHOI KOHCTPYKIIii KOJIOHHOTO THILY

3anponoHoBaHUI MiAxix OyJio 3aCTOCOBaHO MiJ Yac MOHITOPUHTY OyIiBeNbHOI
KOHCTPYKIIiT KOJIOHHOTO THITY. METOI0 JTOCIIPKEHHS OYJIO BIJCTEKEHHS JHHAMIKH
BEKTOPY BIJIbHHUX TMapaMeTpiB Mojieli 00’€kTa B 0OpaHOMY NPOCTOPi O3HAK, SIKi
OIUCYIOTh MOTOYHHUI CTaH AOCIHIIKYyBaHOI KOHCTPYKUii. SIKIIO crocTepiraroThes
ICTOTHI 3MiHM IUX MapaMeTpiB, IIeé MOXE CBIJYUTH NPO HASIBHICTH CTPYKTYPHHUX
MEPETBOPEHB B 00 €KTI.

[lig icTOTHOIO 3MIHOIO CHiJl PO3YMITH BHUXiJ BEKTOPY BUIBHHUX MapaMeTpiB 3a
MeXi 00JacTi CTaliOHAPHOCTI, SIKa B MPOCTOpI O3HAK CTapiHHSI MoAeNi 00’€KTa
3aJ]a€ThCSl  TIEBHOIO OOMEXYBallbHOK IOBEPXHEI0, HANPHKIAA  eIIIcoiIoM
obOepranHs (ikcoBaHoro o00’emy &. Taka o0macTe CTAI[lOHAPHOCTI €
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IHOIUBIMyaIbHOIO  JJIT  KOXKHOi KOHKPETHOI KOHCTPYKINI W BHU3HAYAETHCS
JOCHITHUKOM 3 ypaxyBaHHSIM yMOB IPOBEJCHHSI CIIOCTEPEKEHb Ta OCOOINBOCTEH
caMoro 00’exTa.

SIK mapamMeTpudHUN MPOCTIp 03HAK CTAPIHHA JOCIHTIHKYBAHOTO 00’ €KTa AOIIITHHO
BHKOPHCTOBYBATH TPOCTIp BIIBPHUX MapaMeTpPiB paHille 3arporiOHOBAHOI MOJEII,
y AKiif 00’ €KT TOAaHO y BUTTISI CYNEPHO3HULIT OCIHUIISTOPIB.

Ha pucynky 1 HaBeZieHO aHANMITHUYIHY KYCKOBO-JIiHIIHY alpOKCHMAIIII0 BEKTOPY
3HAYCHb IIONEPEIHBO OOPOOICHMX EKCIEPUMEHTATbHUX IaHWUX [UIS OXHI€el 3
TOPH30HTAJIBHUX KOMIIOHEHT, 3apEECTPOBaHUX Ha AUMOBIi TPyOi.

100

50 1

-50

- 100
0 5 10 15 20

Puc. 1. ®parment tpuBamictio 20 ¢ JaHUX CIOCTEpPEKEHHS 00'€KTa KIIOHOBOTO THITY. Ha oci
abcruc NoaHo Yac y CeKyH/axX, Ha Oci OpJUHAT — aMILTITy U MIBUAKOCTI 3apeeCTPOBAHOTO
CUTHAJIy Y BITHOCHHX OJUHUIISIX

[lomani Ha pucyHKy | maHi TomepenHBO MPOHIIIN 0OpOOKY, 30KpeMa OyIo
BUKOHAHO (PiNbTpallito 3apeecTpOBaHUX CUTHAIIB 3 ypaxXyBaHHSM OCOOJIMBOCTEH
¢dhonHoBoTO MIyMYy [7].

10

hﬂn Ik \ﬂn" 4 ﬂm. nhﬂl
Sk LA

-10
3 4.7 6.4 8.1 9.8 1.5 13.2 149 16.6 183 20

Puc. 2. ®parment tpuBamictio 20 ¢ BiA]iITPOBAHMX MaHHWX CIIOCTEPESKEHHA 00'ekTa
KJIOHOBOTO THIy. Ha oci abGcuuc momaHO Wac y CeKyHJax, Ha OCi OpAMHAT — aMILTITyId
LIBHUIKOCTI 3aPEECTPOBAHOTO CUTHAITY Y BIJIHOCHHUX OJMHHMISIX

Ha pucynky 3 naBemero ¢parment ®@yp’e cnekrpa Ha inrepsani [0,10 Hz] 3
inrepBany [0,50 Hz] aHaniTHUHOI anpoKcHUMalii BEKTOPY 3HAYEHb MONEPEIHBO
00po0IIeHnX eKcriepruMeHTaIbHUX danuX. [1o oci abciuce mojaHo 4acToTy B replax,
a 10 OCi OPAMHAT — MOJIYJIb CIIEKTPa Y BiTHOCHUX OJUHUIISX.

OmiHKkyd JOOPOTHOCTI BJIACHUX YacTOT, a TaKOXK CIIBBIAHOIICHb MIiX
aMIUTITyIaM{ BJIAaCHUX YacTOT, OTPMMaHI Ha OCHOBI mepeTBopeHHs Dyp’e, nar0Th
3MOTY BH3HAUUTH MOYATKOBY TOYKY B MPOCTOPI O3HAK JJIS MOJANBIIOTO MOIIYKY
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MIHIMyMy KpuTepito MeromoMm JleBenOepra—Mapkpapara [8] y Mexkax cepil
BunpoOyBanb Monrte—Kapino. ['mobanbHuil MiHIMyM y 1IbOMY BUNAJIKY BiAINOBiTae
ONITUMAJILHOMY PO3B’SI3KY 3a7adi.

10 1.1
8
6
4
5 |
\,\A'A%v--w e ]
0
0 ] 2 3

Puc. 3. ®yp’e cnexTp naHuX, HaBegeHux Ha puc. 2. [lo oci abcuyc BigKIaAEHO YacTOTY
B repliax, [0 0Ci OpJIMHAT — 3HAUYCHHsI MOJTYJIS CIIEKTPA Y BITHOCHUX OJHHHUIIAX

VY tabnuii 1 HaBeACHO 3HAYCHHS YOTUPHOX OCHOBHUX MOJI CIIEKTPA, [TOJaHOTO
Ha pucyHky 2. IlapaMeTpu po3MIIICHO B TOPSAAKY CHAaJaHHA aMILTITY]
CHEKTPATLHUX KOMITOHEHT. Y MEpHIOMY CTOBIII MOJAHO YaCTOTH KOMIOHEHT Y
repuax, y IpyromMy — 3Ha4€HHs aMIUTITY T BiIIOBITHUX CIIEKTPAIbHUX CKJIIQJOBUX Y
BIJIHOCHUX OJMHHUIISX, & B TPETHOMY — KPaTHICTh 4aCTOT.

Tabnung 1. 3HaueHHs I’ SITH OCHOBHHUX CKJIa/IOBUX CHEKTPa, MOJAHOTO Ha pHC. 2

Yacrora B ['1 Awmmnityna y Kparnicth yacToT
BiJIH. OJI.
0.01667 224.95
0.11667 113.71 7
1.8 79.616 107.998
3.6 53.03 215.996

JlaHi HaBeJeHO B MOPSAAKY CIAJaHHS aMIUNTY] CIEKTPAIBHHX KOMIIOHEHT.
VY niBoMy CTOBIIIII BKa3aHO YaCTOTH KOMITOHEHT Y Tepliax, y MpaBoMy — aMILTITY 1
BIJIMOBITHUX CIIEKTPAIbHUX KOMIIOHEHT Y BiJJHOCHUX OJIUHHIISX.

I3 nanux TabnMuUi BUIUIMBAE, IO CIIEKTPAJIbHA CTPYKTYpa CUTrHaly (GopMyeThCs
OCHOBHOIO FapMOHIKOIO Ta HU3KOIO KPaTHUX i CKIaJOBUX, 30KpEMa CHOMOIO, CTO
BOCBMOIO Ta JIBICTI IIICTHAIISTOI TAPMOHIKAMH.

HaBeneni B Tabnuiii 3HaYeHHS Hajalli BUKOPHCTOBYIOTHCS B aJTOPUTMI SIK
MOYaTKOBI HAOMMKEHHsI B MPOCTOPI O3HAK MiJl Yac MOLIYKY MiHIMyMYy KPHUTEpirO
MetosioM JleBeHOepra—MapkBapara B Mexax cepii Burpooysanb Monte—Kapiio.

Y nmocmipkeHHI OyJ0 PO3MISIHYTO JBI MOJENI: Meplly — 3 JABaHaAATbMa
BIJIbHUMU MTapaMeTpaMH, i APYTy — 3 MIiCTHaAATbMA. [HaKIIe KaxXy4n, HAETHCS PO
MOJIeJIl, Y SIKUX CUTHAJ OMHCYETHCS CYNEPHO3ULIEI0 BiAMOBIIHO TPHOX 1 HOTHPHOX
OCIMIIATOPIB. SIK TOKA3HUWK SIKOCTI MOJENi OOpaHO 3HAYEHHS KPHUTEPil0 B TOYII
rJ100aJILHOTO MiHIMYyMy. AHaji3 KpUTEpil0 ONTHMAIBHOCTI 3aCBiYMB, IO APYra
MOJIEJIb Y3TO/KY€ETHCS 3 eKCIIEPUMEHTAIbHUMU TaHUMU Kpallle, HiX mepiia.
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JIyisi HAOYHOTO TOSICHEHHsI 0COOJIMBOCTEH MpONEeNypy HeNiHIHOT onTuMizariii
JOLITBHO PO3MVIIHYTH KinbKa ()parMeHTIB Kputepito (2) B OKOJNi T100aibHOTO
MiHiMyMy. [Ipum mpoMy Bci mapamerpu Mogeni (iKCylOTbcs Ha ONTHMalIbHUX
3HAYEHHSX, a 3MIHIOETHCS JIMIIE OIHA BHOpaHa Mapa mapameTpiB y Mexax Maioi
OKOJIUII TTI00ATBHOTO MiHIMYMYy. 3a TAKUX YMOB KPHTEPi MOKHA IHTEPIIPETYBAaTH
SK (PYHKIIFO JBOX 3MiHHUX.

Ha pucynky 4 kputepiii mosano sk GyHKIiI0 mapamMeTpiB A, 3 i A3 3 y Mozeri (6).
i mapamerpu BigNOBiAAalOTh YacTOTaM Jpyroi Ta TPeTbOI MOJ Y CIEKTpi
MOJICTILHOTO CHUrHaiy. Ha ropu30HTaNBHIN IUIONMHI PUCYHKA BiIOOpaKeHO
Tororpadiro KpUTepito, Ky y BUDIAI KapTy MOJAHO HA PHCYHKY 5. I3 HaBeneHuX
300pakeHb BHJHO, IO HAaBiTh MOONM3Y TI00aIBHOTO MIHIMYyMY iCHYE BEIHKa
KUTBKICTB JIOKQJIbHUX MiHIMYMIB, 1 came IIe CTAHOBHUTH OJIHY 3 TOJIOBHUX TPYTHOIIIIB
HesiHiiHOT onTuMizauii. BomHouac s mapamerpiB, IO BXOASATH A0 MOJAENI
NiHiIHO, 32 00PaHOro KPUTEPIIO JTOKAIbHI EKCTPEMYMH HE BUHUKAIOTh, & ICHY€ JIUILIE
0JIvH TyI00anbHul MiHiMyM. Lle UmocTpyoTh pucyHku 61 7.

Uﬁj

05|
04~

03 4

02

Puc. 5. Tomorpadis kputepiro pucyHka 3
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Puc. 6. IloBeninka KpUTEPitO B OKPY3i IBOX JIIHIHHO BXiTHHMX B MOJIENb MAPAMETPIB A, 5 1 43,

Pucynok 7 mo3Boissie mO0AuNTH MOBEAIHKY KPUTEPII0 B OKPY3i NBOX JiHIHHO
BXiIHMX B MOJIEJIb NApaMeTPiB A, , 1 A3 5. Lli napamMeTpu € aMIIiTY1aMu APYTroi Ta
TPETHOI MOJ] B CIIEKTPi MOJIEIIi CUTHAITY.

40

30

0

10

Puc. 7. Tomorpadist kpuTepito pucyHka 5

Haseneni Buiie po3paxyHKy MOJAHO Ui TOTO, HI00 MPOJEMOHCTPYBAaTH MOBHY
MOCJIIZIOBHICTh JIIH Yy KOMIT FOTEPU30BaHIM METOMUIN OI[IHIOBAHHSA BIIBHUX
napameTpiB Mojesel i3 BUKOPUCTaHHIM HelliHiHOT onTuMizaltii. [Ipy nboMy BoHH
BUKOHAHI JIMIIE A7l O/IHI€T 3 KOMIIOHEHT 3alKCy KOJIMBAIBHUX MIBUAKOCTEH. J{ms
THIIIOT KOMITOHEHTH 0OYUCITIOBAIIbHA NIPOIIEYPa € aHATOTIYHOKO Ta 31HCHIOETHCS 32
THM CaMUM TEXHOJIOTTYHUM aJITOPUTMOM.

HaiiOinpury ¢ismuHy 3HaAuYylIicTh MalOTh HacamIlepel 3HaileHi 3HadeHHs
BIJIbHUX TapaMeTpiB MOAENT, SKi BUKOPUCTOBYIOThCS Ui imeHTH(]ikauii cTany
JOCTIIKYBaHOTO 00’ €KTa, TOOTO HapaMeTpH, 3adikCcoBaHi y CIiBBIAHOIICHHI (6).

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHs, BuIl. 1 (57), 2026



~ 188 ~

Oco0iuBy yBary Ciaix ONPUAUIATH IeMII(pyBaIbHUM XapaKTEPUCTHKAM, OCKIIbKH
caMme BOHH BiOOpaXkaroTh JOOPOTHICTH CHUCTEMH, TOOTO ii 37aTHICTh aKyMyJIFOBaTH
SHEpriro 30BHIIHIX 30ypeHb 1 30epiratu ii MpOTAroM MEBHOTO 4Yacy. Bucoka
JIOOPOTHICTH, IO BiANOBIAA€ MAIOMY JEKPEMEHTY 3aTyXaHHSI Ha OKPEeMHX 9acTOTax
MOJIeJNi, CBIAYUTH MPO MiABUINEHY YYTJIMBICTh KOHCTPYKINI A0 30BHIIIHIX BIUIMBIB
caMme B IIMX YaCTOTHUX Jiana3oHax. Hanpukias, 3MEHIIICHHS ICKPEMEHTa B TAHAMIIT
MOJKE€ PO3TIIIIATHCS SIK O3HAKa TOTO, IO 00’€KT HaOMIMKAETHCS IO CTaHy, 32 SIKOTO
HaBiTh HE3HAYHE 30BHINTHE HABAHTAXKEHHS 3/IaTHE CIPUYMHUTH PyHHYBAHHS.

Jiis 3a0e3neueHHs HaliiHOCTI Pe3yJIbTaTiB KUIBKICTh OOUMCITIOBAILHUX IHKITIB
Mae OyTH TOCTATHBHO BEJHMKOI. Pa3oM i3 THM 3i 3pOoCTaHHSM PO3MIpHOCTI MOAemi
Taka BIMOTA iCTOTHO YCKJIQTHIOE OOYHMCIIOBANBHHN mpotiec. [Ipore 3a HasBHOCTI
JIOCTaTHRO OOTPYHTOBAaHUX AamNpPiOPHHUX YSBICHb MPO OUIKYBaHWUH pe3ysbTaT
KUTBKICTh ITUKIIIB MOYKHA CKOPOTHTHU 0€3 CYTTEBOT BTPATH SIKOCTI OIliHIOBaHHS [9].

BucnoBku

[lopiBHAHHS pE3yJbTATIB PO3PAXYHKIB IJII BUMipIOBaHb, BUKOHAHUX 13 YaCOBUM
IHTepBaJIOM Yy IIiB POKY, A€ MiACTaBU CTBEPKYBATH, IO ISl 00’ €KTIB BUOPAHOTO
TUIy TapaMeTpu, BUKOPHCTaHi AJs igeHTH]ikamii IXHHOro CTaHy, € JIOCTaTHHO
CTaOUTbHUMH ¥ MOXYTh OyTH HAJIIHHOI OCHOBOI JUJI JOBTOTPHUBAJIOTO
MOHITOPHHTY. /1)1 BUSBICHHS BUPQKEHOTO TPEHY 3MiHH TOUKH, IO XaPAKTEPHU3YE
CTaH 00’€KTa B MPOCTOpi MapameTpiB, iHTEPBAN Yy IIICTh MICSIIB, OYEBHUIHO, €
HepocTaTHIM. BopHouac Takuii 4acoBH KPOK y PEKUMHHX CIIOCTEPEKEHHSX €
MPAKTUYHO MAOIUTBPHUM, OCKIUIBKH Ja€ 3MOTY CBO€YACHO 3a(iKCyBaTH IOYATOK
ICTOTHUX CTPYKTYPHHUX 3MiH 1 HE MPOIYCTHTH KPUTHYHUI MOMeHT. Ha TenepinrHiii
Yac J0CIipKyBaHui 00’ eKT iepeOyBae y CTIHKOMY CTaI[iOHApHOMY CTaHi.
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INFORMATION TECHNOLOGY FOR MONITORING
ENVIRONMENTAL THREATS USING AEROSPACE DATA
AND ARTIFICIAL INTELLIGENCE

Abstract. The article is devoted to solving an urgent scientific and applied
problem related to the development of information technology for monitoring
environmental threats based on the integration of aerospace data and artificial
intelligence methods. Modern environmental monitoring systems require the use
of advanced information technologies capable of processing large volumes of
heterogeneous spatial data and providing reliable information about the state of
natural and anthropogenic systems.

The proposed approach is based on the integrated use of satellite remote sensing
data, unmanned aerial vehicle observations, geoinformation technologies, and
machine learning algorithms. The developed information technology includes
methods for collecting, processing, and analyzing aerospace data, as well as
algorithms for automated identification of environmental threats.

Special attention is paid to the use of artificial intelligence methods for automated
interpretation of satellite images and the detection of environmental changes in
marine and coastal ecosystems. Neural network models are used to perform
classification and segmentation of remote sensing data, which significantly
increases the accuracy of identifying environmental hazards. The main functional
subsystems of the technology have been identified, which provide a consistent
information processing cycle — from the collection of aerospace data to the
formation of analytical materials for assessing the state of the natural
environment.

The proposed technology also provides the creation of geoinformation models for
assessing environmental risks and forecasting the development of hazardous
processes. The developed algorithms make it possible to automate the processes
of environmental monitoring and support decision-making in environmental
management systems.

The results of the research can be used in environmental monitoring systems,
decision support systems for environmental safety, and in the development of
intelligent geoinformation systems. Further research should be directed towards
improving artificial intelligence algorithms for processing aerospace data and
expanding the capabilities of environmental monitoring information systems.
Keywords: information technology, environmental monitoring, aerospace data,
artificial intelligence, satellite images, geoinformation systems, ecological
threats.

© J1.I. Mociitayk, 2026
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J.1. Mociiiuyk

[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

TH®OPMAIIMHA TEXHOJIOT'ISI MOHITOPUHTY EKOJIOTTYHUX
3AI'PO3 I3 BUKOPUCTAHHAM AEPOKOCMIYHUX JAHUX TA
TYYHOI'O IHTEJIEKTY

Anomayin. Cmammio  nPUCBAYEHO  PO38 A3AHHIO  AKIMYAIbHO20 — HAYKOBO-
NPAKMUYHO20 3A60aHHA, WO NOJA2Ac Yy po3poOaenui iHGopmayiinoi mexuonoeii
MOHIMOPUH2Y ~eKOJIO2IUHUX 3a2PO3 HA OCHOBI IHMESPOBAHO20 GUKOPUCMAHHA
AePOKOCMIUHUX OAHUX MA MemoOis WMY4HO20 iHmenekmy. Y cyuacuux ymosax
3pOCMaHHA AHMPONOSEHHO20 HABAHMAMICEHHA HA NPUPOOHe cepeoosuwye, 3MiHu
KiMamy ma mexmoceHHUXx NIueié 6UHUKAEC HeOOXIOHICIb CIBOPEHHS eeKmUsHUX
cucmem eKon02iuHO20 MOHIMOPUH2Y, 30aMHUX 3a0e3ne4Umu onepamusHe BUAGIEHHs
3MIH CIMAHY O0BKILIA MA OYIHIOBAHHS eKONOIUHUX PUSUKIS.

3anpononosanuii nioxio 6a3yemovcs Ha KOMRIEKCHOMY GUKOPUCHIAHHT CYRYMHUKOBUX
O0aHUx OUCMAHYIIHO20 30HOY6aHHA 3emai, Cnocmepedcenb i3 3aCmOCyBAHHAM
be3ninomHux JMarbHUX anapamis, 2eoiHpoOpMayitiHux MexHoa02il ma aneopummie
MawunHo2o HasuanHs. Pospobnena inghopmayitina mexnonozisi 6kmovae memoou
360py, 00podOneHHA ma amanizy AepoKOCMIUHUX OaHUX, d MAKOIC AN2OpUmMU
aA6MOMAmMuU306aH020 GUABIEHHSA EKONOIUHUX 3a2PO3.

Ocobnugy yeazy npudineno 3acmocy8anHio Memooie WMyuHo20 iHmenexkmy O
aA8MOMamu306aHO20 OeUWUPPYBAHHA CYRYMHUKOBUX 300PAdCeHb MA 6UAGTEHHSA 3MIH
npupoodHozo cepedosuwa. /s niosuujeHHs moyHoCmi ananizy CynymuKoGuUx Oanux
BUKOPUCTOBYIOMbCA  HEUPOHHI  Mepedci, w0  3abe3neuyiomv  epexmusHy
Kaacugixayiro ma cezcmeHmayio 06 €Kmie npupooHo20 cepedosuuyd.
3anpononosana ingpopmayilina mexnono2isa 00360s€ hopmysamu 2eoingopmayitini
MOOeNi OYiHIOBANHS eKONOIYHUX PUSUKIE A NPOSHO3YBANHS PO3GUMKY Hebe3neuHUX
exonoeiunux npoyecie. Ompumani pe3yriomamu MOAICYmb OYMU GUKOPUCAHI Y
CUCTMEMAX eKONO2IYHO20 MOHIMOPUHZY, CUCTEMAX NIOMPUMKU NPULTHAMMS DilleHb Y
chepi exonoeiunoi besnexu ma y HaAyKosux 00CHIONCEHHIX NPUPOOHO20 CEPedosuLyd.
Kiouosi cnosa: ingpopmayiiini mexnonozii, eKoio2iuHul MOHIMOPUHe, AepoKOCMIYHI
OaHi, WMyuHUll [HmMeNeKkm, OUCMAHYIUHe 30HOY8anHs 3emii, 2eoiH@opMayiuHi
cucmemu.

https://doi.org/10.32347/2411-4049.2026.1.190-198
Beryn

VY cydacHuUX yMOBax PO3BHTKY TEXHOT€HHOI IUBLII3aIii mpobiemMa 3a0e3neueHHs
€KOJIOT14HOi Oe3MeKH MPUPOIHOTO CepeOBUIIa HA0YBaE 0COOIMBOT aKTyaJIbHOCTI.
3pocTaHHS  AHTPONOTCHHOI'O HABAHTAKEHHS HA MPHUPOJHI  EKOCHUCTEMH,
IHTCHCHMBHMH PO3BUTOK IPOMHUCIOBOCTI, TPAHCIOPTHOI 1HPPACTPyKTypu Ta
ypOaHi30BaHUX TEPUTOPId MPHU3BOAATH [0 TOTIPIIEHHA CTaHy JIOBKULIS Ta
BUHUKHEHHS HOBUX €KOJIOTTYHUX PU3HUKIB.

Oco6nMBOi TOCTPOTH TPOOJIeMa MOHITOPHHTY €KOJIOTIYHUX 3arpo3 Hal0yBae B
yMOBax TJ00aJbHUX 3MiH KJIIMaTy Ta 3pOCTaHHS KiIBKOCTI TEXHOTCHHHUX aBapil i
OPUPOAHUX KaTacTpod. Y TakMX YMOBaX BUHHKAE€ HEOOXIIHICTH CTBOPEHHS
cydacHUX iH(OpMAIIfHUX TEXHOJOTiH, 3JaTHUX 3a0e3leYnuTH OIlepaTHBHE
OTpUMaHHS, 00pOOJICHHS Ta aHAJI3 BEJIMKOTO OOCSTY T€OMPOCTOPOBHUX JAHHUX IIPO
CTaH IPUPOIHOTO CEPEIOBHIIIA.
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OmauM 13 HaAWOUTBIT e(DEKTUBHUX IHCTPYMEHTIB IOCHIDKCHHS TMPHUPOTHUX
MPOIIeCiB € AUCTaHLiHE 30HAyBaHHs 3eMili. CYyIyTHHKOBI CHCTEMH CIIOCTEPEIKEHHS
3a0e3Meuyl0Th MOXJIMBICTh OTPHMAaHHsS OIEpaTWBHOI iHpoOpMaLii Hpo cTaH
MPUPOIHOTO CEepPENOBUIIA Ha BENUKUX TepuTopisx. CydacHi CymyTHHKOBI
miarpopmu Sentinel, Landsat, WorldView Tta iHmi 3abe3nedyroTh peryisipHi
CTIIOCTEPEKEHHS 3a CTAaHOM 3€MHOI TOBEPXHi, BOAHUX PECYpPCiB, POCIMHHOTO
MTOKPHBY Ta ypOaHI30BaHUX TEPUTOPIil.

Pazom 3 THM, BHKOpDHCTaHHS AaepOKOCMIYHMX JAaHHUX CYIPOBOKYETHCS
HEeOoOXiZHICTIO 00pOOKH BeMMKHX 00CsTIB iH(OopMarii, o moTpedye 3acTOCYBaHHS
Cy4acHUX METOJIIB aHaNi3y JaHWX. Y IbOMY KOHTEKCTI BaXKJIUBY pOJIb BiJirparoTh
METOAM IUTYYHOIO IHTENEKTy Ta MAIUIMHHOTO HAaBYaHHA, $Ki J03BOJSIOTH
aBTOMATH3YBaTU MPOIEC IHTepPHpeTalii CyIyTHUKOBUX 300paKeHb Ta ITiABUILUTH
TOYHICTh BUSBJICHHS €KOJIOTTYHUX 3MiH.

CydacHi anropuTMH KOMIT IOTEPHOTO 30py Ta HEHPOHHI MepeXi T03BOJISIOTH
3I1HACHIOBATH aBTOMAaTHYHE AeIIU(PYBaHHS CYILyTHUKOBUX 300pa)KeHb, 1110 3HAYHO
migBUINy€e €(EeKTUBHICTh EKOJOTiYHOTO MOHITOPUHTY. 3acTOCYBaHHS TaKhX
TEXHOJIOTIH BiJIKPHBA€ HOBI MOXIIMBOCTI JJISi CTBOPESHHS 1HTENEKTYaTbHIUX CHCTEM
aHaJIi3y reoNpOCTOPOBUX JAAHUX.

Y 3B’A3Ky 3 UMM aKTyaJbHUM HayKOBUM 3aBJaHHSM € PO3POOJICHHS
iH(pOpMAaLifHOT TEXHOJIOTiT MOHITOPHUHTY €KOJIOTIYHHX 3arpo3, 0 0a3yeTbcsi Ha
IHTETPOBaHOMY BHKOPHCTaHHI a€pOKOCMIYHHX HAaHUX, TeOiH()OPMAIiHHUX CUCTEM
Ta METOJIIB IITYYHOTO iHTEIECKTY.

AHaji3 ocraHHiX mochaimxkeHb i myoOmikamiid. [IpoGnema BUKOpHCTaHHS
JUCTAHIIMHOTO 30HAYBaHHSA 3eMJi s JOCHIHKEHHS MPHUPOTHUX IMPOIECIB
po3rIsAaeThess 'y poboTax OaraThoX YKPaiHCBKHX Ta 3apyOiKHHX HAayKOBIIIB.
3HauHUN BHECOK Yy PO3BUTOK METOMIB JUCTAHIIIHHOIO JOCIHIPKCHHS MPUPOIHOTO
cepenoBuma 3poounu podoru B.I. Jlsuibka, M.O. Iomoa, O.M. Tpodumuyka,
I'.4. Kpacoscbkoro, JI.JI. I'pexoBa Ta iHmmx y4ueHux [1-4].

VY npangx B.1. Jlsmbka JOCHiKEHO CHEKTpalibHI XapaKTEPUCTHKH MTPUPOAHUX
00’€KTiB Ta MOXIIMBOCTI BUKOPHUCTAaHHS CYMYTHHKOBUX 3HIMKIB JUISL JOCIiPKEHHS
crany pocauHHOoro mnokpuy. M.O. IlonoB po3poOuMB MeTOAM HPOTHO3YBaHHS
BPOXKAaWHOCTI CUILCHKOTOCIIONAPCHKUX KYJIBTYP Ha OCHOBI OaraTocrleKTpajibHUX
JAHUX JUCTaHIIHHOTO 30HyBaHHSI.

O.M. Tpodumuyk Ta I'.5l. KpacoBcbkuil mocnmigKyBajil METOJH KOCMI4HOTO
MOHITOPHHTY 3a0pyHEHHS 3eMellb Ta OILIHIOBAHHS €KOJIOTIYHOTO CTaHy TEPUTOPIH.
Y ixHiX poOoTax 3HAUHy yBary MPHUIIEHO 3aCTOCYBaHHIO T'€OiH(pOpMAIliiHUX
CHUCTEM JUIS aHaJTi3y €KOJIOTIYHMX mporiecis [ 1, 3].

VY cydacHMX JOCHI/DKEHHSX 3HAa4yHy YyBary NpPUAUISIOTh BUKOPHUCTAHHIO
0E3MIJIOTHHX JITATBHUX anapaTiB Uil eKOJIOTIYHOTO MOHITOPUHTY. BukopucranHs
BITJIA no3Boiisie OTpUMYBaTH JeTalbHI 300pa)KCHHSI 3¢MHOT IMOBEPXHi 3 BUCOKOIO
MIPOCTOPOBOIO PO3ALIBEHOIO 3/1aTHICTIO Ta 3a0e3neuye onepaTuBHUi 30ip iHpopmarii
PO CTaH MPUPOAHOTO CEpeOBHIIA, 1110 BinoOpakeHo B npausx B.M. TpucHrioka ta
O.A. Mamkosa [5, 7, 8].

Pazom 3 TuMm, OiBWICTD ICHYIOUMX CHCTEM €KOJIOTIYHOTO MOHITOPHUHTY
Opi€eHTOBaHiI Ha BHUKOPUCTAaHHS OKPEMHX JDKEpen JaHUX 1 He 3a0e3neduyroTh
IHTETPOBAHOTO aHaji3y pisHOpiAHOI iHpopMarii. KpiM Toro, icHyroui MeToau
00pOOJIEHHST aePOKOCMIYHUX JJAHUX YacTO MOTPEeOYIOTh 3HAYHOTO OOCITY PydYHOI
po0oTH Ta HE 3a0e3MeUyIOTh TIOCTATHLOTO PiBHS aBTOMATH3AIlI].
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Y 3B’S13Ky 3 ITUM aKTyaJILHUAM € PO3pOOJICHHS HOBUX 1H(POPMAITIHHUX TEXHOJIOTIH,
mo 3a0e3MevyyloTh aBTOMAaTH30BAHWH aHaji3 aepOKOCMIUYHUX JaHWX Ha OCHOBI
METO/IiB IITYYHOTO 1HTCJICKTY.

MeTta po6oTu. MeToro JOCIiHKSHHS € T ABUIICHHS e(heKTHBHOCTI €KOJIOT1IHOTO
MOHITOPHHTY IIISTXOM po3pobiaeHHs iH(hOpMaIliifHOT TEXHOJIOT1i aBTOMAaTH30BAHOTO
aHaJli3y aepOKOCMIYHHMX JIAHUX i3 BUKOPUCTAHHSIM METOJIB INTYYHOTO iHTEIEKTY
JUTSL BUSIBIICHHSI €KOJIOTTYHUX 3arpos3.

O0'exkTOM AOCHITKEHHS] € TIPOIeC 3acTOCYyBaHHS 1H(OPMAIHOI TEXHOIOTIl
ABTOMATH30BAHOTO aHAJi3y ACpPOKOCMIUYHHMX JaHWX i3 BHUKOPUCTaHHSIM METO[IB
LITYYHOTO 1HTEIEKTY AJIs BUSIBIICHHS €KOJIOTTYHHX 3arpo3 Y IPUPOJHHUX Ta TEXHOTCHHO
HaBaHTAXEHUX TEPUTOPISX, 30KpEMa Y MOPCHKHX aKBATOPISX Ta MPUOEPEKHNX 30HAX.

3 ornagy Ha Bce BUILECKa3aHe, MOJKHA BUALTMTH OCHOBHI 3aBJaHHS JOCIIKEHB!

e po3polOsieHHs iH(POPMAIIIHHOT TEXHOIOTiI MOHITOPHHTY E€KOJIOTi9HHX
3arpo3 Ha OCHOBI IHTETPOBAHOTO BUKOPHCTAHHS a€POKOCMIYHHX JaHUX
JTUCTAHIIMHOTO 30HAYBAaHHA 3eMIli Ta JaHWX OE3MUIOTHUX JiTATbHAX
amaparis;

e  YIOCKOHAJICHHS aJITOPUTMIB aBTOMATH30BaHOTO aHAITI3Y aePOKOCMITHUX
300pakeHb 13 3aCTOCYBaHHSIM METOJIB IITYYHOT'O IHTENEKTY JUIs
BUSIBJICHHS 3MiH CTaHy MPUPOJTHOTO CEPEIOBHINA;

® pPO3pOOJICHHA MOJEICH Ta MNPOrpaMHUX 3acO0iB  OIIHIOBaHHS
€KOJIOTIYHOTO CTaHy MOPCHKHX aKBaTOpid 1 NMpUOEpPEeKHWX 30H Ta
(opMyBaHHsI KapT EKOJOTIYHUX 3arpo3 i HiATPUMKH NPUHHATTS
YIPaBIiHCHKUX PIillIeHb Y CHCTEMAaX €KOJIOTIYHOTO MOHITOPHHTY.

Buxkiaa ocHOBHOro MaTepiajty 10C/IiIKeHHs

CyuacHu# CTaH PO3BHUTKY CHCTEM EKOJOT1YHOI'O MOHITOPHHIY XapaKTepH3YEThbCs
3pOCTaHHSAM OOCSTIB NPOCTOPOBUX [AHHMX, IO OTPUMYIOTHCS 32 JIOIIOMOTOIO
CYIMyTHUKOBHMX CHCTEM JHMCTAHI[IITHOTO 30HyBaHHS 3eMli, O€3MIOTHHUX JIITATBHUX
amapariB Ta Ha3eMHHMX CEHCOPHHMX MepeX. BUKOpHUCTaHHS aepOKOCMIYHUX JaHHX
CTBOPIOE TIepeAyMOBH JUIsi (OpPMyBaHHS HOBHX I1H(GOpPMAIIHUX TEXHOJOTIH,
3MaTHUX 3a0€3MEeYUTH ONEePAaTUBHHUI aHali3 CTaHy MPUPOJHOTO CEepe/IOBHINA Ta
CBO€YACHE BHSBIICHHS €KOJIOTIYHMX 3arpo3. PazoMm 3 THM, 3HadHa KiJIbKIiCTh
OTpUMYBaHOI iH(oOpMarii moTpedye 3aCTOCYyBaHHS IHTEIEKTYaIbHUX METOHIB ii
00po0IieHHs, Mo 00yMOBIIOE HEOOXIAHICTh BUKOPHUCTAHHS aJTOPUTMIB IITY9IHOTO
THTETIeKTY Ta MAITMHHOTO HABYaHHSI.

Y Mexax JaHoro JOCHIIKEHHS 3alpONOHOBAHO iH(OPMAIiiHY TEXHOJIOTIIO
MOHITOPHHTY €KOJIOTTYHHUX 3arpo3, o 0a3yeThcs Ha IHTETPOBAaHOMY BUKOPHUCTaHHI
ACPOKOCMIUHUX JIAaHUX JUCTAHI[IHHOIO 30HAYBaHHSA 3emyi, reoiH(popMaIiifHuX
CHCTEM Ta METOJIIB IITYYHOTO iHTeJeKTy. Peamizailisi 3aponoHOBaHOI TEXHOJIOTIi
rependadae BUKOHAHHS KITbKOX B3a€MOIIOB’SI3aHUX €TaliB, SKi BiJIOBIJAIOTh
[TOCTABJICHUM Y pOOOTI 3aBJaHHAM JOCIIHKCHHS [6].

Pospobrenns ingopmayiiinoi mexnono2ii MOHIMOPUHEY eKONOSIUHUX 3a2P03 HA
OCHOBI aepOKOCMIYHUX OAHUX

[lepmmm  ertammom  jmocnmipkeHHs € (opMyBaHHS —iH(OpPMALIHOI TeXHOMOTi]
MOHITOPHHTY €KOJIOTIYHMX 3arpo3 Ha OCHOBI 1HTerpaii pi3HHUX JPKepeNl MPOCTOPOBHX
nannx. OcHoBy iH(opmamiiiHOi 0a3um CHCTEMH CTaHOBJSTH CYIMYTHHKOBI 3HIMKH,
OTpHMaHi 3 KOCMIYHMX IUAT(OpM AMCTAHLIMHOTO 30HAYBAaHHS 3eMIIi, a TaKOX JAaHi,
OTpYIMaHi 3a JIOTIOMOTOI0 OE3MIJIOTHHX JIITATBHUX arlaparis.
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3acrocyBaHHs CYIIyTHUKOBHX JaHUX JI03BOJISIE 311HCHIOBATH
IIMPOKOMACIITAOHUH MOHITOPHHI MPUPOAHOTO CEPENOBHINA, IO BKIOYAE
OLIIHIOBAaHHS CTaHy BOJHHMX aKBaTOpPii, POCIMHHOTO MOKPUBY, IPYHTOBOTO
CEpelOBHINA Ta TEXHOTEHHO HABaHTAXXEHWX TepuTOpii. CyIMyTHHKOBI CHCTEMH
Sentinel, Landsat Ta iHmi 3a0e3medyloTh OTPUMaHHS OaraToCIeKTPaTbHUX
300pakeHb, SIKi JO3BOJISIOTH MPOBOAUTH aHaJli3 €KOJOT1YHMX MPOLIECIB Ha OCHOBI
CIIEKTPATHHUX XapaKTEPUCTHUK 00’ EKTIB.

VY CcBOW0O dYepry, BHKOPHCTaHHS OE3MJIOTHUX JITaIbHHUX amapartiB JO3BOJISE
OTPUMYBAaTH 300pa)KEHHS BHCOKOI TMPOCTOPOBOI PO3IINBHOI 3aTHOCTI, MO €
0c00JIMBO BOKJIMBUM ISl ACTAILHOTO aHAJII3y CTaHy MPUOEPEKHUX 30H, JOKaTi3awii
30H 3a0pymaHeHHA Ta igeHTH(]ikamii TexHoreHHHMX 00’€kTiB. KomOiHOBaHe
BUKOPUCTAaHHS CYIyTHUKOBUX Ta aepo(OTO3HIMKIB 3abe3mneuye (HopMyBaHHS
KOMILIEKCHOT 1H(OopMaliiHoi 6a3u AJisl MPOBEACHHS €KOJIOTIYHOTO MOHITOPHHTY.

Yoockonanenns ancopummie asmomamuzosano2o amanizy AePoOKOCMIUHUX
300padicens i3 BUKOPUCTNAHHAM MEMO0i6 WMYHYHO20 IHMeNeKmY

JpyruM BaXJIMBUM €TaloM JOCHiIKEHHS € YJOCKOHAJIECHHS alrOpUTMiB
ABTOMAaTH30BAHOTO aHANI3y aepPOKOCMIYHUX JAHHWX 13 BHKOPHUCTAHHSIM METOMIB
MTYYHOTO 1HTENEKTy. AHami3 CYNyTHHKOBUX 300pakeHb TpaadLliHHUMHA
MeToJaMH MoTpedye 3HAYHMX YacOBHX BHTpaT 1 He 3aBXau 3abesmeuye
HeoOXiMHWH piBeHb TOYHOCTI. Y 3B’S3Ky 3 IIMM 3aCTOCYBAaHHS aJTOPUTMIB
MaITUHHOTO HaBYAaHHS JO03BOJISIE 3HAYHO MIABUIIHUTHA €(DEKTUBHICTH 0OpOOIEHHS
JaHUX.

VY pamkax AOCIHiIKEHHS PO3TIISAAETHCS MOKIUBICTh BUKOPUCTAHHS 3TOPTKOBUX
HEHPOHHUX Mepex s Kinacu(ikamii Ta cerMeHTarii CymyTHUKOBUX 300paKeHb.
Taki ™Mozemi [AO3BOJSIIOTH ABTOMATHYHO BU3HAYaTH OO’€KTH TMPHPOIHOTO
Cepe/IOBHINA, BHUSABISATH 3MIHM CTaHy TEPUTOPIH Ta iEHTHU(IKYBaTH MOTCHIIiIHI
JpKepesia eKOJIOTTYHUX 3arpo3.

[Iponiec aBTOMaTH30BaHOTO aHAIII3Y AEPOKOCMIYHUX 300pakeHb BKIIIOUAE KiJIbKa
OCHOBHHUX eTamiB. Ha meprioMy ertami NpPOBOAMTHCS TOIMEPEaHs 00poOka
CYITyTHUKOBHX 3HIMKIB, SIKa BKITIOYA€ paJioOMETPUYHY Ta FEOMETPHUYHY KOPEKIIilO,
HOpMAJTi3aIlifo CHEeKTpalbHUX KaHAIiB Ta (HOpMyBaHHA OaraToCHeKTpaIbHUX
KOMIO3UTiB. Jlami 3miACHIOEThCS BUIUIEHHS 1H(QOPMATHBHUX O3HAK, IO
XapaKTepU3yIOTh CIIEKTPaIbHI Ta TEKCTYPHI BIACTHBOCTI 00 €KTIB.

HactynHum ertamom € 3acTocyBaHHS aJrOPUTMIB MAIIMHHOTO HABYAHHS IS
knacudikanii 300paxenb. Ha ocHOBI HaBUanbHHX BUOIPOK (OPMYIOTBCS MO
po3mi3HaBaHHs 00’ €KTIB, SAKi JO3BOJISIOTH aBTOMATHYHO BHU3HAYATH THUIH 3EMHOT
MOBEPXHIi, JIOKATI3yBaTH 30HU 3a0pYyJHEHHS Ta BUSBIATH AHTPONOTCHHI 3MiHH
MPUPOAHOTO CEPETOBHILA.

OcobnuBy yBary B [JOCHIDKEHHSX MPHUALICHO BHKOPHCTAHHIO METOIIB
TITMOOKOTO HABYAHHS, SIKi 3a0e3MeYylOTh MOJIIMBICTH OOpOOJICHHS CKJIQJIHUX
0araTOBUMIpHHMX JaHHMX. BUKOpHCTaHHS HEMPOHHHX MEPEK JO3BOJISIE IMiJBUILUTH
TOuHICTh Kinacudikamii 00’€KTiB Ta 3MEHIUMTH KUIBKICTh IIOMHJIOK HpH
1HTepIpeTaIlii CymyTHHKOBUX 300paKeHb.

Pospobnenns modeneii oyiniosanua exono2iuH020 cmaHy mepumopit ma
Gopmysannsa kapm eKon0SIHUX 342PO3

TperiM eramoM JOCHIDKCHHS € PO3POOJIGHHS MOJeNel  OIHIOBaHHS
€KOJIOTIYHOTO CTaHy TEpUTOpPiH Ta (OpPMYBaHHS KapT €KOJIOTIYHWX 3arpo3. s
LBOTO BUKOPHCTOBYETHCS TeOiHPOPMALIHHUN MiIXiJ, SKUH TO3BOJISIE IHTErPYBaTH
PI3HOPITHI IPOCTOPOBI AaHI Ta BUKOHYBATH iX KOMIUICKCHAN aHai3.
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Ha ocHoOBI pe3yibpTaTiB aBTOMaTH30BaHOTO aHAJI3Yy CYIyTHHKOBUX 300pakKeHb
¢dopmyeTbess 0a3a JaHWX MPOCTOPOBHX IOKAa3HWKIB, IO XapaKTEpU3yHIOThb CTaH
MPUPOAHOTO cepenoBHIa. Jo TakMx MOKa3HUKIB HaJIeKaTh 1IHAEKCH POCIMHHOCTI,
IHJIEKCH BOJHUX ITOBEPXOHb, MOKA3HUKH TEXHOTCHHOTO HABAHTAXXKEHHS Ta 1HIII
mapaMeTpH.

OtpumaHi JaHi BAKOPHCTOBYIOTHCS A7 TOOY10BU TeoiH(opMaliifHuX MoJeme
OIIHIOBaHHS EKOJIOTIYHMX pHU3WKIB. 3a JJOMOMOTOI IPOCTOPOBOIO aHAI3y
BH3HAYAIOTHCS TEPHUTOPIIl 3 MIABUIIICHUM PIBHEM €KOJIOTidHOI HEOE3MEeKH, a TaKOK
MPOBOJUTHCS OILIHIOBAaHHS MOXJIMBHX HACIiAKIB aHTPOIOICHHOTO BIUIMBY Ha
npupoane cepepoBue. OCHOBHI IKepena 3a0pyIHEHHS 3a3BUYall BiJOMi, OJHAK
MacmTady iX BIUTUBY 3MIHIOIOTHCS 3aJIE)KHO Bil OOCHTIB, CTYIIEHS OYHIICHHS Ta
MPOCTOPOBOi AUHaMiku mponeciB. Lle moTpedye OKOHTYpIOBaHHS IUISIM, €
CHCKTPaJIbHI XapaKTePUCTUKU SCKPABOCTI BHUXOAATh 33 MEKI BCTaHOBJICHUX
HOPMAaTHBHHX 3HAYCHb.

Y poboTi po3pobieHO anTOpUTM aBTOMATH30BAaHOI BEKTOpH3AIii MexX
3a0pyIHEHHX JiNsSHOK (puc. 1).

Bubip crapToBoi Touku

v

[Nomyk 06macti OKOHTYpPIOBaHHS

Y

Tax

Bce 300pakeHHs
00po6neHo?

\ 4

Crom

Hi

Bubip HanmpaBieHHS OKOHTYPIOBaHHS

v

[Tomryk HaCTymHOT TOUKH KOHTYPY

A 4

Koutyp

3aMKHYTHIA?

A 4

30epeKeHHs
pe3yJbTaTy

Puc. 1. Anroput™ BeKTOpH3aIlii KOHTYPY BHILICHOI TUISTHKA

3anpornoHoBaHa METOJUKA aBTOMATH30BAHOTO OKOHTYPIOBAHHSI Ta BEKTOPU3aIlii
3a0e3rneuye MiABUIIEHY TOYHICTh i1 OO’€KTHBHICTH B OLIHIOBaHHI HapameTpiB
3a0pyIHEHHS Ha OCHOBI CYIyTHHUKOBHX 3HIMKIiB, 13 TEpPCIIEKTUBOIO 1HTETpawii y
cydacHi ['IC-mutardopmu (puc. 2).
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Puc. 2. 3a6pynrennst YopHOTO MOpsi 6EPETOBHM CTOKOM

OmHrM 13 BaXKIMBUX  pE3YNbTATiB  3aCTOCYBaHHS  3allpOMOHOBAHOL
iH(opMaIiitHOi TexHOJIOoril € (OpMyBaHHS KapT €KOJOTiYHUX 3arpo3. Taki kapTu
JO3BOJISIIOTH  Bi3yali3yBaTH pe3yJlbTaTH aHali3y aepoOKOCMIYHMX JaHUX Ta
BU3HAYUTH MIPOCTOPOBY CTPYKTYPY EKOJOTTUHUX PUIHUKIB.

BoHM MOXYTh BHUKOPHUCTOBYBATHCSI OpraHaMH YHPABIIHHA MPHPOIHUMHU
pecypcaMu Ta eKOJOTIYHUMH CITy>KOaMu TS IPUHHATTS YIIPABIiHCHKUAX PIllICHb.

TakuMm uWHOM, 3amporoHOBaHa iH(popMaliliHa TEXHOJIOTiS 3abe3mnevye
IHTETpaImif0  aepOKOCMIYHMX  JaHUX, METOMIB IITYYHOTO IHTEJEeKTy Ta
reoiH(GOpMaIifHUX TEXHOJOTIH IS BUPIMICHHS 3a/1a4 MOHITOPUHTY €KOJIOTiYHHX
3arpo3. Ii 3acTocyBaHHS J03BOJISE€ MiJABUIIUTH OINEPATHBHICTh OTPUMAHHS
iH(pOpMaILlii PO CTaH MPUPOTHOTO CEPEIOBUINA, TIOKPAIIUTH TOYHICTh BUSIBICHHS
€KOJIOTIYHUX 3MiH Ta 3a0e3MeYnTH €(PEeKTUBHY IMIATPUMKY NPUUHATTS PIlIeHb y
cdepi ekooriuHol Oe3IeKH.

BucnoBku

Y crarti po3rasHYTO TiIXOAW JO CTBOPEHHS iH(OpMAIifHOT TeXHOJOTil
MOHITOPUHTY €KOJIOTIYHMX 3arpo3 Ha OCHOBI IHTETPOBAHOTO BHUKOPHCTAHHS
AepPOKOCMIYHHX JIaHUX T2 METO/IiB ITYYHOTO iHTENEKTY. Jl0CIiKeHHs ClIpsIMOBaHe
Ha MIJBHUINEHHS e()EKTUBHOCTI €KOJOTTYHOTr0 MOHITOPHHTY IIJIIXOM aBTOMAaTH3aIi1
aHaJli3y JaHUX JUCTAHIIIMHOTO 30HAYBaHHS 3eMJli Ta 3aCTOCYBaHHS CY4YaCHHX
MeTOAiB 00pOOIIEHHS TeONPOCTOPOBOI iHPOpMAIii.

VY pe3ynbrati qociimpKkeHHs ¢chOpMOBAaHO KOHIICTITYaIbHI 3acaiu iH(popMariiHol
TEXHOJIOT11, 110 0a3yeThCsl Ha BUKOPUCTAHHI CYITyTHUKOBHX JIAHUX JUCTAHIIITHOTO
30HIyBaHHS 3emii, MarepianiB aepooTO3HIMaHHS 3 OE3MUIOTHUX JITaTbHUX
amapariB, reoiH(QOopMaliiHIUX TEXHOJIOTiH Ta aJrOPUTMIB LITYYHOTO iHTEJIEKTY.
BusHaueHo OCHOBHI (PyHKIIIOHAJIBHI MIJICHCTEMH TEXHOJOTII, sIKi 3a0€3MevyIoTh
MOCTIIOBHUHN UK 00poOseHHs iHpopMaii — Bif 300py aepOKOCMIYHHX JaHHUX JI0
(opMyBaHHS aHATITUYHHX MarTepialgiB s OILIHIOBaHHS CTaHy MPUPOAHOTO
CepeIOBHIIA.
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3ampoItoHOBaHO TIAXOAM 0 AaBTOMAaTH30BAHOTO aHANI3y aepOKOCMIYHHX
300pakeHb 13 BHKOPHCTaHHSM METOJIB MAIIMHHOTO HAaBYaHHSI, LIO JO3BOJIIE
MiJBUIIATA TOYHICTh Kiacugikaimii 00’€KTiB TPUPOIHOTO CEPEIOBHINA Ta
OTIepaTHBHO BUABIISATH €KOJIOT19HI 3MiHH. Ha 0cHOBI iHTerpaii pe3ynpTatiB aHaIizy
JaHUX JUCTAHIIHHOTO 30HAYBaHHA Ta TeoiH(OpPMAIifHOTO MOAEITIOBAaHHSI
00TPYHTOBAaHO MOJIMBICTh (POPMYBaHHS KapT €KOJIOTIYHUX 3arp0o3 JJIs OI[iHFOBAaHHS
€KOJIOTIYHOTO CTaHy TEPUTOPIH.

OtpruMmaHi pe3ynmbTaTH MOXYTh OYTH BHKOPHUCTaHI TpPH CTBOPEHHI
iHpOpMaLifHO-aHANITUYHUX CHUCTEM EKOJIOTIYHOTO MOHITOPUHTY Ta CHCTEM
OIATPUMKHA TPUAHATTS pimieHb y cdepi exonoridyaoi Oesneku. [lomampmn
JOCHI/DKEHHSI JIOIITBHO CHPSIMYyBaTH Ha YIOCKOHAICHHS ANTOPUTMIB IITYYHOTO
IHTETIeKTY i1 00pOOJICHHS aepOKOCMIYHUX JaHUX Ta POLIMPEHHS MOXKIHUBOCTEH
iHpOpMaLIIHUX CHCTEM EKOJOTTYHOTO MOHITOPHUHTY.
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PERSPECTIVES ON THE DEVELOPMENT OF 5G WIRELESS
TECHNOLOGIES IN UKRAINE

Abstract. This paper investigates the prospects for the development of 5G wireless
technologies in Ukraine within the context of post-war reconstruction and the digital
transformation of the economy. The article analyzes the prerequisites for deploying next-
generation networks, namely: the rapid development of related technologies, the
exponential growth in the number of users and connected devices, and the significant
increase in data traffic. The main application areas of 5G technologies are considered.
The paper systematizes the recommendations developed by the International
Telecommunication Union (ITU) aimed at fulfilling the requirements for primary 5G use
cases, highlighting key scenarios for utilizing 5G in the development of software
applications and services. The current state of the telecommunications market as of 2026
is reviewed, including the results of the initial pilot launches in the country's largest
cities and key development vectors.

The study substantiates the role of 5G wireless technologies as a foundational
infrastructure for implementing innovative services that require ultra-reliable low-
latency communication and a high density of connections.

Keywords: 5G, telecommunications, wireless technologies, post-war reconstruction,
service, data traffic.

B.M. Bacuiienko
[HCTHTYT TeneKoMyHiKaIiH 1 rmodampHOro iHdopMariiHoro mpoctopy HAHY, M. Kuis, Ykpaina

NEPCIHEKTHUBHU PO3BUTKY BE3IMPOBIJHUX TEXHOJIOI'I 5G
B YKPATHI

Anomauia. Pobomy npucesueno 00Ciiodcento nepcnekmug po3sumey 0e3npogionux
mexnonoeiu 5G 6 Vkpaini 6 KoHmeKcmi NOBOEHHO2O BIOHOGNIEHHA MA YUPpogoi
mparnc@opmayii ekoHomiku. B cmammi npedcmasneno ananiz nepedymos, a came:
PO36UMKY — DI3HOMAHIMHUX — MEXHONO2I,  CYMMEBO20  3POCMAHHA  KilbKOCMI
Kopucmyeauie ma npucmpois, a maxkodic 3Ha4Ho20 30iibuenHs mpa@iky, wo cnpusiu
BNPOBAOICEHHIO MEXHONO02IU H06020 nokoninks 5G. Posensnymo ochosHi chepu
suKopucmants 6e3nposionux mexnonozii 5G.

byno cucmemamuzosano  pexomenoayii, pospobneni  MidicHapoOHOlO  CRITKOW0
enekmposg’sizky (ITU), saxi maromv Ha Mmemi 3a00601bHUMU OCHOGHI eapianmu
suKopucmants 6e3npogionux mexronociti 5G, a maKoxc 6uoileH0 OCHOBHI CyeHapii
suxopucmanns mexnonozii SG npu pospobyi 3acmocyHKie, 000amKi¢ i m.o.
Posenanymo nomounuii cman menekomMyHikayiiino2o punxy cmanom Ha 2026 pixk,
30Kpema pe3ynomamu nepuiux NLIOMHUX 3aNYCKi8 Y HAUOLIbuUx Micmax Kpainu ma
KII0Y08i 6eKMOPU PO3GUMKY.

Ob6rpyHmosano poib GuKopucmanis 6e3nposionux mexnonozii 5G 0115 6npo6adicens
IHHOBAYIIIHUX CEPBICIB I3 HUZLKOK 3aMPUMKOI Md BUCOKOK WLTBHICIIO NIOKTIOYEHb.
Knwuosi cnosa: 5G, menexomyHikayii, 0e3npogioni mMexHonocii, noocHHe
8iOHO6IeHH S, cepaic, mpagik.
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Beryn

3 PpO3BUTKOM PI3HOMAHITHUX TEXHOJIOTIH 1 CYTTEBUM 30UIBIICHHSIM KiIBKOCTI
KOPHCTYBa4iB Ta MPUCTPOIB, a TAKOK 3HAYHUM 3011bIIeHHAM Tpadiky (Bimeo — 4K,
8K, aymio) mocTano muTaHHS B JOCTIIKEHHI Ta BIPOBA/KEHHI TEXHOIIOTIH HOBOTO
nokominas 5G (ctangapt SG/IMT-2020) [1, 2].

[epexin A0 TEXHOJIOTIN M'ATOr0 MOKOMIHHS 5G € BaXJIMBOK HEOOXITHICTIO JUIs
uugpoBoi Tpanchopmarrii ekoHoMiku. /s Ykpainu BrpoBajpkeHHs ctaHaapty SG
HaOyBae Oe3MpeleIeHTHOTO 3HAYECHHS HE JIUIIE SK €BOIIOIIMHIA TEXHOJIOT9HUI
KpOK, a I K ()yHIaMeHTalbHa CKJIaZioBa IOBOEHHOTO BigHOBJIEHHS. Lle € 6a30Bor0
YMOBOIO Jisi 3a0e3meueHHs] KOHKYpPEHTOCITPOMOXKHOCTI JIepKaBH, MOJAEpHizarii
MIPOMHUCIIOBOCTI  Ta  IHTETpaIii yKpaiHCBKOTO IM(PPOBOTO TPOCTOPY MO
€BPONENUCHKOTO PUHKY.

MeTtow pobdoTH € JOCHIIPKEHHsI TEPCHeKTHB PO3BUTKY Ta CTpaTeriyHux
HamnpsIMiB BIIPOBA/DKCHHA O€3MpoBiAHMX TexHonorii 5G B YkpaiHi B ymoBax
MMOBOEHHOTO BiJJHOBJICHHS.

Bukiax ocHOBHOT0 MaTepiay 10CTizKeHHS

Ha puc. 1 npencraBneHuii aHami3z 3pocTaHHs BUKOPHCTAHOTO Tpadiky B mepiox 3
Tpethoro kBaprainy 2014 poky no tpertiii kBaptan 2015 poky [2].

Ak Moxemo 0auuTH, 3pOCTaHHS BUKOPHCTAaHOTO iH(opMarliitHoro tpadiky 3a
BH3HAYEHHUH TEpioN CKIIafae MPUOTU3HO 65 BIICOTKIB, IO € JOCUTHh 3HAYHUM 32
Takuii Maymid mepiof. lle BHKIMKAHO sK 30UTBIICHHSIM KIUIBKOCTI HOBHX
KOPHCTYBaYiB, TakK i 301IbIIIEHHAM 00’ €My JTaHUX, IO CII0)KUBAOTh KOPUCTYBAYi.

SaranbHuii Tpadik,
I6aiir

5000 f-----mmmmm e mmeee

4500 f--------m--oo-f---TT
3pocranus

indopmaniiinoro
Tpadika cknanae 65%

4000 |-----------—4 -

3500 f--------—- -2

3000 f-——---- b -4~ -----
1

M Tosnocoswii Tpadix
2500 F---fF-t-F-t-1-F-—----
| Inpopmaniiinmit Tpadix

2000 pH--F-4-+-t-1--F-----
1500 po--F-1-+-f-1--+F-----

1000 po--F-{-—+-t-1--+f-----

500 fH--F-1-+-+-1--F-----

|:|:|:|:|:|:|: +

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
2014 2015

Ksapran/pix

Puc. 1. AHani3 3pocTaHHs BUKOPUCTAHOTO Tpadiky B mepiof 3 TpeThoro kpaprary 2014 poky
o TpeTiit kBaptan 2015 poky
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Ha puc. 2 300pakeHnii mpupicT KUTBKOCTI KOPUCTYBadiB 3a TpeTii kBaptan 2015
POKy 1o perionax [2].

KinpkicTs KOpHCTYBadiB,
MIIH

K
25 frmm

20 b

T et e e

3axigna
€spona
JlatnHcbka
Bansekuit
Cxin
TliBHiuHa
Amepuka
Innis
Llentpansua
Ta Cxinna
€spomna

Asilicbko-
THXO0OKEaHCHKHIA Perion
(oxpim Kuraio ta Inpii)

Puc. 2. TIpupicT KiIBKOCTI KOPHCTYBauiB 3a TpeTii kBapTai 2015 poky mo perionax

30iTBIIEeHHST KOPUCTYBAYiB 3a BKa3aHWW IepioJ ckiaB MpuOIm3HO 83 MIH
KopucTyBauiB. Lle cTano MOKIMBUM 3aBASKHA 3pOCTAIOYil JOCTYITHOCTI TEXHOJOTIH
(LTE) ta ix BOpOBa/pKEHHIO, 3MEHIIIEHHIO BAapTOCTI MPHCTPOiB (cMapT(hOHIB,
IDIAHIIETIB 1 T.[A.), 3a0€3MeYeHHI0 JOCTaTHROTO MOKPUTT. MoxkeMo 0aduTH, 110
HaiOLIBIIMiA TpupicT OyB y A3ilicbko-TuxookeancbkoMy perioni, Adpuui (Hirepis,
M’sama) Ta [umii.

3 PO3BUTKOM MITyYHOTO IHTENEKTY, OaraTonpogibHUM BIPOBAHKEHHIM
iHpOpMaIIHHUX TEXHOJOTIH B TPOMHCIOBOMY Ta KOPIIOPATHBHOMY CETMEHTaX,
PO3BUTKOM TEXHOJIOTIM BIPTyaJibHOI pPEaibHOCTI, JOMOBHEHOI pEaJbHOCTI —
0e3npOoBiHI TEXHOJOTII YETBEPTOTO TOKONIHHA HE MOTIIM 3aJIOBOJBHUTH BCi
BUMOTH, SIKI TIOCTQJIM B HOBHX pPEaisiX.

TakoX BaXJIMBOIO TPUYMHOIO PO3BUTKY OE3MPOBOAOBUX TexHONOTiH 5G €
CTpIMKHMI Tiepexiji A0 HOBOTO eTamy npoMucioBoi pesoiromii Industry 4.0. Lle
3YMOBIICHO HEOOXIiJHICTIO Tepenadyi Ta OOpOOKM BEIWKOI KUIBKOCTI JaHMHX,
3MEHIIIEHHSI 3aTPUMOK Ta 301JIbIIIEHHS MOOUTFHOCTI KOPUCTYBAYIB.

Ha puc. 3 mnpencraBneHi TMOPIBHSUIbHI XapaKTEPHCTUKU OE3MPOBOJIOBHX
texHooriit 5G Ta 4G.

3 puc. 3 MmoxxeMo O6aunty, o 5G MaloTh 3HaYHI epeBary B nopiBHsHHI 3 4G, a
came: 30inbmieHHs y 10 pa3iB cepelHbOi MBHIKOCTI Niepeiadi IJaHMX KOPUCTyBaya,
301IbLIEHHS] MOOUTBHOCTI KOopHucTyBadiB Ha 42%, 30inbiueHHs y 20 pa3iB miKoOBOi
LIBUIKOCTI ITepeAayi JaHuX, 3MEHIIEHHs 3aTPUMOK curHaity y 10 pasiB, 3011b11eHHS
HITEHOCTI (KUTBKOCTI) IPpUCTpOiB y 10 pa3iB Ha KBaJpaTHUH KUITOMETD.

3 1pOro BHUIUIMBAIOTH PEKOMEHAIlli, po3po0sieHi MIiXHApOIHO CIIIKOO
enekTpo3B’ 3Ky (International Telecommunication Union — ITU), siki MmatoTh Ha MeTi
3aJI0BOJIbHUTH OCHOBHI BapiaHTH BUKOPUCTAaHHS O€3MPOBOJOBUX TexXHOJOriH 5G, a
came [3]:
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1) TIlokpamienuii MoOinmbHUE mMpokocmyrosuii moctyn (Enhanced mobile
broadband — eMBB). OcHoBHOIO MeTOHO € 3a0e3NEeYeHHS BHCOKOI IIBUIAKOCTI
nepenadi it 00pOOKY Ta BUKOPUCTAHHS BEJIMKOTO OOCATY JIaHUX;

2) 3B'sI30K 3 HU3BKOIO 3aTPUMKOIO Ta BHCOKOro HamiiHicTio (Ultra-reliable and

low-latency communication — URLLC);

3) MacoBuii mammHHMIA 3B'130K (Massive machine-type communication —
mMTC) e xapakTepHUM IJIs TOJATKIB/CEPBICIB 3 BEIMKOIO KUIBKICTIO IMPUCTPOIB.
[Ipuknanom € HaOip JATUIMKIB, SKi MEPEAAIOTH HEBEITUKUN 00CAT TaHUX.

3rifHo 3 [HMMH PEKOMEHJAIISIMH MOXXHA BHJUIMTH OCHOBHI CIIEHapii
BUKOPUCTAaHHS TexHONOTiH 5G mpu po3poOLi 3acTOCYHKIB, NOJATKIB, iHIIE, SKi

TIpeACTaBIICHI HA puC. 4.

ITikoBa mBHAKICTH
nepenaui ganux, ['6it/c
20

108
Kinbkicts mpuctpois,
MPHCTPOT/KM™

#500

3arpumka, Mc |

- 4G @8 56

Cepenns
(KOpHCTYBaJIbHUIIBKA)
IIBHKICT nepenayi
nanux, Moir/c

MobinbHicTb,
KM/TO1L

Puc. 3. TlopiBHAJIBbHI XapaKTePUCTHKH 0€3MPOBOAOBHUX TexHOIOTIH SG Ta 4G

Cuenapii 3actocyBanHs 5G mnpu po3pooii
JIOJIATKIB, 3aCTOCYHKIB, IM(PpoBUX
JIBIHHUKIB, TOILO.

eMBB URLLC

>
>
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Puc. 4. Cuenapii BukopuctanHs TexHouoriit 5G

AHai3yloud  XapakTepUCTHKH TexHoiorik 5G

mMTC

/

Hwusbka BapTicTh

Benuka KinbKicTh
MPUCTPOIB

CHEPTOCTIO)KUBAHHA

Huspke

Ta MOXJHBI crHeHapii

3aCTOCYBaHHS, MOXXEMO TIIPUATH 1O BHCHOBKY, INO I iX peamizalii Ta
BIIPOBA)KCHHS HE 000B’S3KOBO IMOTPIOHO HaMaraTHCh JOCSATHYTH MaKCHUMaJbHUX
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3HAYCHb OCHOBHUX XapakTepHCTHK. [loTpiOHO OIiHIOBaTH iX BaXJIMBICTH IS
JIOCSTHEHHSI ONTUMAalIbHOI €(EeKTUBHOCTI JJIss TMEBHOro clieHapito. Ha puc. 5
MpeJICTaBJICHA JiarpaMa MPIOPUTETHOCTI OCHOBHUX XaPaKTEPUCTHK JUISI KOXKHOTO
crieHapito, 3rigo 3 [4-7].

IlixoBa Cepenns
MBHJIKICTH (KOpHCTYBaJIbHHIIbKA)
nepeayl JaHux IIBH/IKICTh Mepe/iadi JaHuxX

EdexrnBHicTh
BHKOPHCTaHHS
CHEKTPY

Iponyckna
31aTHICTD

Enepro-
e(eKTUBHICTD
Mepexi

Mo0imbHicTh

KinbkicTh 3aTpumka
TIPUCTPOTB

IpiopiterHicTs

- Bucoka D - cMBB

[] -URLLC

= = - - Cepemusa

] -mMTC

—— —— - -Huseka

Puc. 5. /liarpama npiopuTeTHOCTI OCHOBHUX XapaKTEPHCTHK JJIsl OCHOBHHUX CLIEHAPIiB

s eMBB xapakrtepHuMu € 3a0e3leYeHHs BHUCOKOI HIBUAKOCTI Tepeiaaui,
BHUCOKOI MOOUILHOCTI Ta €Heproe(eKTHBHOCTI MEpexi i nepeaadi/oopoOku Ta
BUKOPUCTAHHS BEJIUKOro o0ciary naHux. llpukinagamm 3acToCyBaHHS JaHOTO
CIICHApIIO € BIpTyajbHa PeaibHICTh, JOIMOBHEHA PEAIbHICTh, TOTOKOBUI CTPIMIHT,
¢ikcoBanuii 6e3nporiaauii octyn. URLLC mae 3a0e3neuyBaTu 111 JOJATKIB JIyKe
HU3BKY 3aTPUMKy 1 BEJIMKY HaAIMHICT TPH Tepefadi JaHuX, M0 MOXe OyTH
KPUTHYHUM JJIs Takux cdep, sSK poOOTOTeXHiKa, OE3MJOTHUH TPaHCIOPT,
eHeproMepexi, aucraniiiia Meauiraa. mMMTC B OCHOBHOMY NpHU3HAYCHUH IS
1HTepHeTY pedel Ta NOJATKiB, € 3aCTOCOBYETHCS /Iy>Ke BEJIMKA KUIbKICTh IPUCTPOIB.
[Iprdyomy nani npucTpoi nepenaroTh HEBEIHUKI 00CATH JaHUX (TepeJaroTh KOMaH/IH,
JlaHi 3 IPUCTPOIB, HANIPUKIIA]] — TEMIIeparypa, BOJIOTICTh, T.J.), aJie 1 MaloTh OyTH
eHeproeeKTHBHIMH 3 JyXe BEIUKHUM 4dacoM OesrnepepBHOI poOoTH. OCHOBHUMH
npukiazamu € «Po3ymMHeE MiCTO», JIOriCTHKA, TPEKIHT, MOHITOPUHT iHQPaCTPyKTYpH.

VY ciuni 2026 poky B YKpaiHi oQiliifHO cTapTyBaIy Nepiii minoTHi npoekTy. Lle
KPUTHYHUN €Tar JUisi TECTyBaHHS CyMICHOCTI 5G i3 BiliCRKOBHM OOJIaHAHHSIM.
[epmri micta, e 6yno po3nouaro TectyBanusa SG, ue JIbBiB, bopoasnka, Xapkis [8].
Ho xinusg 2026 poky TecTyBaHHS Mae oxonuTH Takox Kuis Ta Onecy. BpaxoByioun
pealtii 6e3meKoBOro Ta eKOHOMIYHOTO CTaHy B YKpaiHi, OCHOBHUMH MPIOPHTETHUMH
HaTPSMKaMH €:

1) ImxenepHuii MoHITOpPHMHI, ne 3aBasku TexHojorii eMBB e MoxiuBicTb
pO3rOopTaHHS BETUKOI KUTBKOCTI TaTYHKIB Ha 00’ €KTaX KPUTHIHOI iHQPACTPYKTypH
Ta OymIiBJISAX JJIS OI[IHKH TEXHITHOTO CTaHy CIIOPYI;
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2) BiiicbkoBuii HapsMOK, 30kpema 3aBasku TexHonorii URLLC € MOXIHBICT
KoopauHauii 6e3MiI0THUX cUCTeM (POoi IPOHiB, pOOOTH30BaHI IaTHOPMH);

3) TenemenunyHa — AUCTAHITIITHA JiarHOCTHKA, PeadiTiTallis TOMIO.

4) Arpapna cdepa — s KepyBaHHS O€3MIIOTHUMH TPAKTOPaMH, 1€ BaXKIHBOIO
CKJIAJIOBOIO € TOUHICTH MO3UIIOHYBAHHS TEXHIKH.

BucHoBku

BrpoBamxenns 5G B Ykpaini mepednnio B NpakTHYHY IUIOMIMHY, IO Ja€ B
MOJANILIIOMY CYTTEBI IEPCIIEKTUBH /715l IOBOEHHOTO BiTHOBJICHHS Ta EKOHOMIYHOTO
pPO3BUTKY. Bu3HaueHi mpiopUTETHI HANPSIMKHU Ui YKpaiHH, a caMme: 1HKeHepHUH
MOHITOPHMHT, BIMCHKOBHI HamNpsMOK, TelleMEeIUIMHa, arpapHa cdepa, 34aTHi
3a0e3MeUnT  HAWIIBUAMIMKA Ta  HAWOLMBIIMKA ~ EKOHOMIYHHMH  epeKT B
KOPOTKOCTpPOKOBi# mepcrektusi. [logampmmii po3sutok 5G B YkpaiHi motpedye
1HO3EMHHX 1HBECTHIIH [T MacITaOyBaHHS MEpEX Ta CTBOPEHHS CIPHUSTINBUAX
yMOB Ha puHKY. [locTymoBa peanizallisi JaHUX KPOKIB AaCTh 3MOT'Y CTaTH OJHHM i3
nugpoBux nigepiB CxigHOT €BpOU B HAKOIIMKIOMY MailOyTHBOMY.
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ARCHITECTURE OF GEO-INFORMATION RESOURCE
FOR FORMING AN INFORMATION-ANALYTICAL
ENVIRONMENT ANALYTICS

Abstract. The work is devoted to solving a scientific and practical problem,
which consists in developing the architecture of a geoinformation resource for
the formation of an information-analytical environment for an analyst. The
purpose of the research is to increase the efficiency of information-analytical
work by using approaches to building a geoinformation resource, forming an
information space based on the results of geospatial intelligence. Basic research
indicates a steady trend towards an increase in the volume of data and the
frequency of their receipt from different sources, which requires the use of new
methods of their collection and processing. The processing of each type of
information is constantly being improved and organized using automation tools.
However, the analyst's ability to simultaneously process the entire data set and
conduct its analysis remains limited. The modern requirements for the efficiency
of information processing and the reduction of terms for its provision, this issue
is very relevant, therefore, the search for new approaches in this direction is an
important development process. More than 80% of information has a spatial
reference, it is advisable to use a geoinformation approach for the complex
processing and analysis of the obtained intelligence information. Analysis of
existing solutions shows that the requirements are met to some extent. However,
the existing functionality needs to be improved, and some creation, due to its
absence.

The use of semi-automated (automated) methods for processing textual
documents improves the efficiency of an analyst’s work, as it eliminates the need
to read through all incoming materials and allows them to focus solely on
performing specific tasks. The implemented algorithms for semi-automated
(automated) processing of textual materials enable their handling directly at the
point of information extraction, which significantly reduces the time required
for search and processing.

The results of the study will help increase the efficiency of the analyst's work,
namely, reduce the time spent on data preparation, and provide the opportunity
to focus on their processing and obtaining a more accurate result (conclusion,
forecast).

Keywords: information technologies, information and analytical work,
geoinformation systems, data systematization, geospatial information,
geovisualization, geospatial analysis.
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B.O. Iloaninmaes

[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

APXITEKTYPA TEOTHOOPMAIIITHOT O PECYPCY
JIJISI @OPMYBAHHS IHOOPMALIITHO-AHAJIITHYHOT' O
CEPEJIOBUIIIA AHAJIITUKA

Anomayin. Pobomy npucesueno po3e’si3anHHI0 HAYKOBO-NPAKMUUHO2O 3A60AHHS,
wo nousgeac 6 pospobyi apximexmypu 2eoiHgpopmayiiinoco pecypcy 0as
Gdopmysanns  ingpopmayiino-ananimuunoco cepedosuwa aunanimuka. Memoio
00Cni0dCeH sl € NIOBUWEHHS eheKMUBHOCMI IHhopMayilino-anarimuunoi pobomu
WLTIAIXOM  BUKOPUCMAHHS NIOX00i8 00 NnoHYy008uU 2eoiHPopMayitinoco pecypcy,
dopmyeannsa ingopmayiiinozo npocmopy 3a pe3yibmamamu. 2eonpocmopogoi
p036i0Ku. OCHOBHI OOCHIOICEHHS C8IOUAMb NPO CMANLY MEHOEHYII0 00 30LIbIUeHH S
06cs2y Oanux ma nepioouyHOCmi X HAOX0ONCEHHsL 3 PIZHUX 0Jicepel, Wo, 8 C80I0
uepey, nompeOye GUKOPUCMAHHA HOBUX cnocobie ix 300py ma o0OpodKu.
Obpobnennss KodCHO20 6udy  iHGopmayii NOCMIUHO BOOCKOHANIOEMbCS MA
Op2anizogyemvcsi 3 BUKOpUCMAaHHAM — 3acobie  asmomamusayii.  OOHak,
3ATUUAIOMBCA 0OMENCEHUMU MOICTUBOCHE AHANITNUKA WOOO 0OHOUACHOI 00POOKU
8CbO20 MACUBY OGHUX MA NPOGEOeHHsl 1020 aHanizy. Bpaxosyiouu cyuacni eumozu
00 onepamuenocmi 006podOienns ingopmayii, cxopouenHs mepminie wooo il
HAOAHH:, Ye NUMAHHA € 0YJice aKMYANbHUM, MOMY NOULYK HOBUX NIOX00I8 Y YbOMY
HANPAMKY € 8adciusum npoyecom possumky. binvwe 80% ingopmayii mae
npoCcmopo8y npus’s3Ky, momy OOYLIbHO 0 KOMNJIEKCHOI 0Opobku ma ananisy
0obymoi  posgidysanvHoi iH@opmayii euxopucmosyeamu 2eoiH@opmayitiHuil
nioxio. Auaniz iCHylOUUX pilleHb NOKA3VE, WO BUCYHEHI 8UMO2U 8 OesKil Mipi
3a0080bHsIOMbCs. OOHAK, HASIGHUU QPYHKYIOHAN nompedye NOKPAWeHHSL, d OesIKUL —
CMBOPEHHS, Y 38 'A3KY 3 U020 GIOCYMHICMIO.
Pezynomamu oocniosxcenns cnpusmumyms niOSUWEHHIO eheKmusHocmi pobomu
aHanimuka, a came: 3MEHUWIEHHIO 4acy HA NiO20MOGIeHHA OAHUX ma HAOAHHIO
MOJICIUBOCIE 30CEPeOUMUC HA iX 00poOAeHH] ma OompumManHi OilbU MOYHO20
pe3yrbmamy (8UCHOBKY, NPOSHO3Y).
Knrouosi cnosa: ingopmayiiini mexnonoeii, ingpopmayiiino-ananimuuna poboma,
2e0iHghopmayitini cucmemu, CUCMeMamu3ayisi OaHUX, 2e0npocmoposa iHgopmayis,
2e08i3yanizayis, 2e0NpoCmMoposuli auais.
https://doi.org/10.32347/2411-4049.2026.1.205-213

Beryn

OnHMM 13 OCHOBHHMX 3aBJaHb B Mpoiieci iH(GOpMaIliiHO-aHAIITHYHOT AISUTHOCTI €
KOMILJIEKCHa 00poOKa 3i0paHoi iH(opMalii, ika OTpUMYETbCS 3 PI3HUX IKEPEl.

3HauHi 0OCATH JaHUX Ta TNEPIOAWYHICTE iX HAIXOKEHHS MOTPeOyIOTh
BUKOPHUCTAaHHS HOBUX CIIOCOO0IB 1X 300py Ta 00poOku [1]. OOpoOIeHHS KOXHOIO
BUAy iHQoOpMalii TMOCTIHHO  BJOCKOHANIOETHCS Ta  OPraHi3OBYEThCS 3
BUKOPHCTaHHSAM 3aC00iB aBTOMAaTHU3aIlii.

O/HaK, 3aJHIIaI0TECS 00OMEXEHUMH MOYIIMBOCTI aHAIITHKA IOI0 OJHOYACHOI
00pOoOKH BCHOTO MacHBY JIaHUX Ta MPOBEICHHS HOT0 aHami3y. BpaxoByrouun cydacHi
BHUMOT'H IO OTIEPaTUBHOCTI 00po0OIeHHs iHpopMaLlii, CKOPOUEHHsI TEPMiHiB 1010 ii
HaJIaHHs, 1Ie IUTaHHSA € TyXe aKTyaJbHUM, TOMY MOUIYK HOBHUX MiAXOiB Y LBOMY
HATPSMKY € BOXKIIUBUM MPOIIECOM PO3BUTKY.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHs, BuIl. 1 (57), 2026



~ 207 ~

B yMoBax chOTOJEHHS IMOTIK JaHWUX IMOCTIHHO 30UIBITYETHCS, CTa€ HEMOKIUBO
MTOKJTaJIATHCSI JIUIIIC Ha THTYIIIIO Ta JIOCBI/I aHATITHKIB, MOTPIOHO PyXaTHCS BIIEPE],
ajantyBaTHCS J0 3MiH. Bce uwacTimme npu aHamizi BETMKUX OOCATIB JTaHWX
3BEPTAIOTHCS JI0 KOMIT IOTEPHUX CHCTEM Ta MEPEK.

IcHye mpobneMHe THUTaHHS BIJCYTHOCTI PECypcy, e JOCTYIHI (30epiratoThes)
MaTepiaiy Bifl yciX HasBHUX JDKepell y CTpYKTypoBaHoMy BUTIIsiIi. HasiBHi pecypcen,
0 ICHYIOTh Ha PWHKY, MAalOTh YaCTKOBE BHUPIMIEHHS HEOOXiIHOTO aHAIIITHUKY
¢yakmionany. ToMmy, KOXeEH aHANITUK Yy OUIBOIOCTI BHUMAJKIB, OTPUMYIOUH
3aBJIaHHs, CAaMOCTIHHO Ui ce0e 3/IMCHIOE TIONIYK HEOOXITHUX TaHWUX, HAITOBHIOE
creniani3oBaHi BiacHi 0a3u, MpoBOAUTH 0OpPOOKY, aHami3, MPOrHO3YBaHHS Ta iH.
HamparfoBanHs KO)KHOTO (DaxiBIsl y MOJATBLIIOMY 3aJIHIIAETHCS, y KPaIIoOMy
BUMNANKY, y aupekrtopii (Ha [IEOM yun MHI), Ta B momanemomy, npu nepeBeeHHI
4M 3BiJIbHEHHI (haxXiBLs-aHANITHKA, SKUH 3aiMaBCs IEBHUM HAIPSMKOM, MOKe OyTH
BTpaueHo. Takui MiIXiZ YCKIaTHIOE TPOIEC BUKOHAHHS 3aBJaHb Ta CTBOPIOE
HEOOX1THICTh TOBTOPHOTO TIOITYKY, HAKOTIMYEHHsI, 00POOKH Ta aHaTi3Yy.

Takox icHye mpoOsieMa HECYMiCHOCTI 0a3 Mix mifpo3aiiaMu. OOMiHIOIYUCH
HEOOXITHMMHW NaHUMH Ui BUKOHAHHS PI3HOTO pPOJY 3aBlaHb, Oarato dacy
BHUTPAYAETHCS HA CHHXPOHI3AIIIO Ta MPUBEACHHS 10 €IUHOI CTPYKTYpH iH(OpMAIlii,
sika 30eperkeHa y crieriaaizoBaHux 06a3ax KOKHOTO JKepena.

Takuii migxig Mae CyTTEBI HENOJIKM B IUIAHI OINEPATUBHOCTI BUKOHAHHS
AHAITHYHUX 3aB/IaHb, TOMY € HEOOXiJHICTh B pECypci, IO MaTUME MOXKIIHUBICTbH
Bi0OpakaTH 3HAYHY KIJIbKICTh Bapialiil TOCTYITHUX JaHHX.

3 orysay Ha 3a3HavCHE BHUIIE, Ta BPAXOBYIOUH Te, 110 Outbiie 80% iHopmarrii
Mae MPOCTOPOBY TPHB’A3KY 0 KOHKPETHOI TEpUTOPii 200 KOOPAUHAT HA MIOBEPXHIi
3emuti, AOIUIBHO JJsi KOMIUIEKCHOI 0OpoOkm Ta aHamizy iHdopmarii, sxa
OTPHUMYETBCS 3 PI3HHUX JDKEpesl, BHKOPUCTOBYBATH I'eOiHPOPMAIiHAHN i Xi.

AHani3 ocrtaHHiX AocaimkeHb i myOuaikaniil. [HdopmaniliHo-aHaTITHYHA
poboTa sBIsi€ COOOI CYKYIHICTh 3aXO[(iB, SIKi 3/IHCHIOIOTHCS aHAIITUKAMU 1010
300py, MOBHOI OOpOOKHM AaHUX Ta iH(QOpPMAIiHUX MaTepianiB, OTPUMAHUX BiJ
PI3HUX JKepel, CYMPOBO/DKEHHsI CIeliani3oBaHuX iHGopManiiHuX 0a3 IaHHX, a
TaKOXX pO3pOOJIEHHS Ha OCHOBI MPOBeAEHOI poboTH iH(OpMAaIiHHO-aHATI THIHUX
(iHpopmariifHiX ) TOKYMEHTIB Ta JOBEJSHHS iX JI0 CIIOKHUBaviB iHpopmariii [2].

JisnbHICT, aHAJTITHKA BKIIOYAE€ 3HAYHY KUIBKICTH €TamiB  poOOTH 3
PO3BiyBaIbHUMH JaHUMHU (BIZOMOCTSMH, MaTepiajdamu). BHUKOHAHHS KOXXHOTO
3aBJIaHHS Ma€ MeBHI YacOBi OOMEXKEHHs, TOMY IIPH BUTPATi BEIUKOI KLTBKOCTI Yacy
JUIsL TATOTOBKM JaHuX (30ip, cHCTeMaTH3allis, HAKOTMWYEHHS Ta y3araJbHEHH:)
y aHANITUKA 3JTUIIAETHLCS MEHIIE 4Yacy Ui iX OINpaioBaHHs (OI[IHKH, 00poOKH,
aHaji3y, 3icTaBJIeHHs, iHTerpaii, iHTepIpeTanii Ta NPOTHO3yBaHHs), 110, B CBOIO
4Yepry, HeraTHBHO BIUIMBAE Ha KiHIIEBUH pe3yIbTar.

AHaJi3 3aBJaHb aHaJITHKA IOKa3ye, 110 YaCTHHA 3 HUX BXKE BiJpallbOBaHa
TeOMPOCTOPOBOI0 PO3BIAKOIO 1 TOMY JUIS MIBUIKOTO, HAWOUIBII MPABUIBHOTO
BHUCHOBKY aHAJITUKY HEOOX1THHH pecypc, 10 JaBaTUME MOXKIIMBICTH BiJoOpaXkaTH
1H(pOpPMAIIIIO 3 PI3HUX JKEPEI B €JUHOMY CEPEIOBHIIII.

B npoBinHMX KpaiHax cBITY reonpoCcTOPOBii pO3BiALI MPUALIAETHCS 3HAYHA yBara,
0COOJIMBO MpH BUPIILICHH] aHAJITUYHUX 3aBJaHb Y Pi3HUX cepax IisUIbHOCTI, a came
pe3yabTaTaM T'€ONPOCTOPOBOrO aHai3y 3 BHKOPHCTAHHIM TeoiH(OpMAaIliHHUX
CHCTEM, CUCTEM YIPAaBIiHHSA 0a3aMH JaHHUX Ta CIICIIAJIbHUX aJIl'OPUTMIB 1 MoJesei
KOMIUIEKCHOT 00poOKY Ta aHaJi3y JaHHUX Bij PI3HUX HKEPE.
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YHikanpbHIMH nocToincTBaMu [TIP € MOXIWBICTH TPOBEACHHS BCEOIYHOTO
TeOMPOCTOPOBOTO aHAJI3y ONEpalifHOrO0 CEpeOBHINA, TOYHICTh 1 JOCTOBIPHICTh
AQHAJITHYHMX OLIHOK, MPOCTOTA Ta HAOUHICTh MpeAcTaBieHHA iHpopMallii. 3aBAsIKH
Tomy 3a 20 ocrtaHHiX pokiB cTpykTypu [TIP 3aiimaroTe BakimBe Miclie B
3a0e3redyeHdl aHaNITHYHUX CTPYKTYp BCIX pIBHIB BCEOIYHOIO 1 HaAIHHOIO
iHpOpMaLi€r0.

OCHOBHMM I1HCTPYMEHTOM aHAJNITHKa Uil AOCTymy a0 pesynbratiB I'TIP y
MPOBITHUX KpaiHax CBITY € cremiaii3oBadi TreoiHdopMaliiiiHi pecypen, sKi
JI03BOJISIIOTH HOMY BHTpayaTy HabaraTo MEHIIe Yyacy Ha MOIyK Ta 30ip iHpopmarlii,
OCKUIbKM B HHUX IpPHCYTHI CIOCOOM aBTOMaTH3alii poOOTH INOMO iHTerpamii
PI3HOPITHUX TaHUX.

VYkpaina Texx He cTOiTh Ha MicClli, 2 pOOUTH MEBHI KPOKU B IIbOMY HAMPAMKY Ta
Hajaja CBITYy IUIy HH3KY CICHiadi30BaHUX TeoiHOPMAIliiHIX CHUCTEM, SIKi
BHKOPHCTOBYIOThCS [T 3a0€3MeYeHHs iHhOopMaIliitHO-aHaAI THIHOT pOOOTH.

AHami3 iCHYIOUMX CHCTEM IIOKa3ye, IO B YCiX BUKOPUCTOBYETHCS MPUHIIHIT
BiOOpa)keHHsI MMOJIif Ha KapTi, 3 MOKIIMBICTIO BBEJICHHS 00pOOKH Ta aHali3y, aje €
HU3Ka HeJoMiKiB [3, 4]. BucyHeHi BUMOTH B JIEsKii Mipi 3a10BONBHSIOTECA. OTHAK,
HasBHUN (QyHKIIOHAN MOTpeOy€e TMOKPAIIeHHs, a ASSKHI — CTBOPEHHS, Y 3B’ 53Ky 3
HOTO BiZICYTHICTIO.

Mera pobGoru. MeTo0 JOCHIKEHHS € MiJBUINEHHS e(eKTUBHOCTI
iH(opMaIlifHO-aHAI THIHOI POOOTH NIISIXOM BUKOPHUCTAHHS i XOAIB 10 TOOYTOBH
reoiHgopmarniitnoro pecypcy, ¢opmyBaHHsS iH(pOpPMAaLIHHOTO MPOCTOpY 3a
pe3yabTaTaMy TeONPOCTOPOBOI PO3BIIKH.

00’ekTOM [IOCTITKEHHS € TPOIeC POoOOTH 3 TEOMPOCTOPOBUMH ITaHUMU
pizHOpiAHNX iH(QOPMAIIITHIX pecypCiB i Yac BUPIIICHHS aHAIITHYHUX 3aBIaHb.

Buxiaa ocHOBHOr0 MaTepiajty 10C/iIsKeHHs

[IpononyeThbes apxiTekrypa pecypey (rardopmu) Ui BitoOpaKeHHsT MaTepiais,
OTPHMaHMX BiJl YCiX HasBHUX JDKepel, Mo Tependadac MOAYJIBbHY TOOYIOBY
Bigkpuroro tumy. CyTh KO IoJIsTae B TOMy, 0 pecypc (ratdopma) CKIaIaeThCs
3 OKpeMHUX MOJYIiB (ITOB’si3aHUX a00 HE TOB’S3aHUX MK CO00I0), KOXKEH 3 SIKHX
BUKOHYE IEBHY (YHKIIIIO, IO J03BOJIsIE €()EKTUBHO BHUPINIYBATH DPi3HOMAaHITHI
3aBaHHs. MOXXHa J0AaBaTy iHII Moaymi [5, 6].

Ha pecypci 30epiratorbcss IMIe HACTPOWKHM, HEOOXimHI [uUisi  HOTO
(GYHKIIOHYBaHHS Ta MiAKIIOYEHHS 0a3 gaHuX. Bes iHpopmaliiss 3HaXOAUTHCS Y
crienianizoBaHux 0a3zax JaHUX KOXKHOTO JpKepela, Ta MPH MiAKIIYeHH] 10 pecypcy
Oyze BiioOpakaTuCs JIMIIE Te, IO JO3BOJIHMB BIACHUK iHGOpMAIii.

EdexTuBHiCTh (QyHKIIOHYBaHHS TeoiH(GOpPMAIIHHOI CHUCTEMHU 3aJICKHTh Bij
MPaBUJILHOTO BU3HAUCHHS CKJIAy Ta HAIIOBHEHHS I'eoiH(GOpMaIliiiHUX pecypciB.

Pecypc, mo npusHadeHuit ai1s BioOpakeHHs iH(popMalii BiJl HASBHUX JKEPE
Ta JaHUX PE3yNbTaTiB T'€ONPOCTOPOBOIO aHami3y, NOOYAOBaHHHA 3 YOTHPHOX
ocHOoBHUX MonyniB: “TeompocropoBa minrpumka”; “Bximna iHdopmaris’;
“Ananituka”; “Pobounii indpopmauniinuii npocrip” (Puc. 1).

Mooyrw “I'eonpocmoposa niompumka’ — TIpU3HAYCHUH I 3a0e3MeueHHS
EKCIIepTa-aHaJITUKA HEOOXIJHMMH T€ONPOCTOPOBUMH JaHMMH  3arajibHOro
KOPHUCTYBaHHS.
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Bin Mae Takuit HaOip GyHKIIIH:

MOIIYK  HEOOXiMHWUX  JaHUX 33 BU3HAYCHUMHU  KpuTepisiMu  (Ha3Ba
aJIMIHICTPATHBHOI OJIMHMIII, HACEJICHOTO MTyHKTY, KOOPJUHATH TOIIO);

MOXIMBICTh BUKOPHUCTAHHS OKPEMHX IIIapiB JaHWX, SKi aHAJTITHK MOXKE HOJIATH
ZI0 CBOTO po00oU0oro iH(GOPMAIiHHOTO ITPOCTOPY;

MOJKJTUBICTH JTOJIaBaHHS HOBUX JJAHUX J0 BXKE ICHYFOUHUX IIAPiB;

CTBOpEHHS BIACHUX (HOBHUX) KapT, SIKi MOXKyTh OyTH BUKOPHCTaHi sIK 6a30Bi I
3aralibHOro KOPHCTYBaHHS;

MO>KJTUBICTh BKJIFOUCHHS Ta TOPIBHSHHS/31CTaBICHHS JICKIIBKOX IIIaPIB.

T'EOIH® OPMAIII PECYPC MO/¥JIb “TEOIH® OPMAIIIIHA
OIOTPHMEKA”
- AIMiHICTPYBAHHA: .
PO3MEKYBAHHA JOCTYIy, - kaprorpacdiumi MaTepiam
T: CTBOpPEHHA KOpPHCTYBAMIB, NpPeACTABACHI PAcTPOBHMH Ta
IpyI, COUIBHOT); BEKTOPHHMH IIAPAMH;
- 3DepexeHHA HANAINTYBAHB T - iHppacTPyKTypa;
KoHGQIrypaiii. (emeprernka, MIPOMHCIIOBICTS,
= MOCTH, JaMOH, rpebmi, cHCTeMH
- : BHSHAYCHHA xflTer:)Pui T"J T ——_—
S cTPYKTYpHsania xizmof iHbopMani] I P i npo peased;
L - KIIMaTHYHI JaHHI;
BH3HAYCHHA KATeropiii NOIyKy 53}:_[1_( - reodisuuni JaHi;
/o i opManii |\ - MOZET pyXy BOIH, IOBITPA,
B - HaBIramiiHI JaHi;
Q] Bisyamisanis JaHHX . T - coLianbHi TAa KyJABTYPHI JaHi;
= el - MaTepiaaH KOCMIYHOI 3HOMKH,
A A A ] 3iioMKH 3a JonoMororo BriJIA;

-  BEKTOpHi mapu
3a YacoM 3a JKeperIoM 3a TEMOIO ' (irdopmaniiini, TeMaTHYHI).
SINE

L
. B E—

MOIYJIb“ AHAMNTHKA”

1

1
| e
:
1

1

1

1

1

1

1

MOJIYJIb “ BXITHA IHOOPMAIIIA”

1
1
1
1
1
) 1
BXITHHX TaHuX | | BHKODHCTAHHAM |+
1
1 iHopManilini || TeMaTHUHEX ||nporHO3yBaH
1
1

36ip Obpobkas :
. 3giTHO- Habip BucHoBkHTA :

AITOPHTMIB A

I

I

JOKYMEHTH mapis nomiii

MOJIVJIb “ POBOUHH
IHO®OPMAIIHHHANA TPOCTIP”

T

1
1

1

1

1

1
OpMYBaHHA || BHKOPHCTaHHA
Gop Y | P odopMIeHHS L
Heobx1HOrO AHATI THIHHX
. .|| pesyapraty |!

Habopy Jamux | [MOZYIIB/ METONL 1

Bximma pisHopimma inpopmanig —  —> o+ |

Puc. 1. KonnenryanbHa cTpyKTypa pecypcy
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Lleti Momynb SBISETbCS O0OB’SI3KOBUM Ui (PyHKIIOHYBaHHS Oyab-skoi ['IC,
OCKUTBKM HEMOXIIMBO TPOBECTH aHalli3 TEPUTOPii, HE Marouu 0a30BOro Habopy
reornpoctopoBux aanux [7] (Puc. 2).

| 3amuT aHaTITHKA HA TOMIYK JaHHX, IKi 33J0BOTHATIMYTE HEOOX 1 THI KpUTepil

. . kapTorpadiumi
Bisyauizariis JaHux prorpag

Marepiam

_

BEKTOPHI [Iapu
(indopmarriiiui,

TeMaTHYHI

Tlonryk mabopy

JIaHHX AKOI'0 HE 3HOMKa 3eMHO1L

BHCTa4ac

MOBEPXHIL

Puc. 2. KonnenryanpHa cxema poOOTH MOIYIIS

BazoBuii Habip reonpoCcTOPOBUX JaHUX — CYKYITHICTh T€OMPOCTOPOBHUX AAHUX SIK
yHiiKOBaHA OCHOBa IHTETpyBaHHS Ta  CIUIBHOTO  BHKOPHCTaHHA B
reoiH(GOpMaIlifHIX CHCTEMaX TE€ONMPOCTOPOBUX MAHWX, IO HAOXOMSTH 3 PI3HHUX
moxepen [8-11].

be3 mannx mpo TepuTopii reoindopmariiiiHa miaTpUMKa HEMOXKIIUBA B TPHHIIUIII.

Mooyas  “Bxiona _ingpopmayis” — Bigirpae OgHy 3 KJIIOYOBUX POJICH,
(dYHKIIOHYBaHHS pecypcy, IO MOJATaE Y BiJoOpakeHHI aKTyalbHOI Ta JIOCTOBIPHOI
iH(opMartii, OTpUMaHOi BiJ| PI3HHUX JKEPEI.

Bin Mae Takuit HaOip GyHKIIIH:

30ip iHpOpMAaIT 00 PI3HOPITHUX JaHUX B YCiX JOCTYIHHUX JuKepen (Moxe
BKJIFOUATH SIK Py4Hi, TaK i aBTOMaTHU30BaHi mpouecn) [12];

ronepeHs 00poOKa JaHuX;

MPUBEACHHS JaHUX JI0 BU3HAYCHUX (POPM Ta CTPYKTYPH, IO 3a0e3neuyBaTHMe ix
CYMICHICTB Ta 1HTETpAIi0 JI0 MPOTrPaMHOTO 3a0e3MeUeHHs], IKe BUKOPHCTOBYETHCH,
Ta 1HIIUX HOMIOHUX CHCTEM;

aKTyamizaiis JaHWX, [0 Ja€ MOXJIMBICTh HAIJISAJIHO OIIHUTH HAasBHICTH
iHpOpMaIlii, OTpUMAaHOT 3a TIEBHI IPOMIDKKH 4Yacy;

GinbTpyBaHHA [NaHMX, IO € HEOOXiAHWM JUIs BHSBJICHHS Ta BHUIIPABICHHS
MOMWJIOK, HEBIPDHMX JaHMX UM TaKUX, sIKIi HE MOXYTb ICHYBaTH, HpOIyLIEHI
3Ha4YeHHsI, a00 TaKi, 10 JyOJIIOIThCS Ta 1H.;

knacudikallis JaHuX, Tepeadayae Mol 32 MEBHOK TEMAaTHKOK, PKEPEIIOM
TOILO;

Bi1oOpaskeHHs (reoBi3yaizallis) JaHuX.

Le#t momynp mnpu3HAYEHWH A BiAOOpaKEHHA MAaHWUX, BUKOPHUCTOBYIOUH
1HAMKAaTOPH aKTyalbHOCTi, ()OpPMH, IIO BKa3ylOTh Ha JDKEPENO MNOXOIKEHHS
iH(pOopMaIlii, Ta IKOHKH (3HAYKH), IO Bi3yaJIbHO-IHTYITUBHO PO3KPUBAIOTh TEMATHKY
noBimomiieHHs1. Cxema poOOTH MOy BimoOpaxeHa Ha Puc. 3.
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Puc. 3. KonuenryansHa cxema poOOTH MOy IS

Monysb Ma€e JBi CKIIa10Bi:

[lepma — cucTemaru3aiiis BiioOpakeHHs BXiTHOI iH(oOpMarlii (po3ropHyTa Ha
iHTeTpamiiHii miaTdopmi), TOOTO TPHUCBOEHHA HEOOXiTHMX 3HAUYKiB, QOpM Ta
iHauKaTOpiB I iH(popMaii, sika Oyae JoJaBaTHCS O MO IS

Jpyra — miAroroBka maHuUX J0 BiJOOpakeHHS (3HAXOAMTHCA Y MicI
3HaXO/KeHHs1 1H(OpMaliiHOTO pecypcy), TOOTO TPOBEACHHS omepamiid 3
TeKCTOBUMH (aitmamu, 300paxeHHsMH Ta daitmamu ¢opmary *.PDF, momo
BHOKpPEMJICHHSI ITPOCTOPOBOI Ta 4acoBOi iH(POpPMAIIil 3 TEKCTOBOTO MacHBY AaHUX,
MPOBEJICHH Kiacudikalii OTpUMaHUX TIOBIAOMJICHb, (GopMyBaHHS (daiiny 3
npocroposoto npus’sa3kor0 (GEOJSON, KML, SHP), BHeceHHs Horo 3MicTy 110
HeoOX11HOoT 0a3u NaHuX.

BukopucTanHs IpUHIUITY TeHepaiizalii iHpopmallii 103BOIHTE y3aralbHIOBATH
Ta CIPOIIYBaTH BiTOOpaKEHHS MTPOCTOPOBHX JAHUX Y BiMTOBIAHOCTI 10 MacmTady
Ta MIPU3HAYCHHS KapTH.

BucHoeku

[Miaxomm, sKi 3acTocoBaHi y pecypci, uis BimoOpa)keHHs BXimHOI iH(popmarii 3
BUKOPHUCTAaHHSAM IIPOCTOPOBOI, 4aCOBOI, TEMATUYHOI KOMIIOHEHTH Ta 3a JPKEPEIOM
HaJXOKEHHs, 3a0e3redyloTh 30epiraHHs Ta BigoOpaxeHHs iH(opmamii y
CTPYKTYPOBAHOMY Ta IHTYITUBHO 3p03yMiJioMy (hopMari.

BukopucTaHHs HarmiBaBTOMATH30BaHOI'O (aBTOMAaTH30BaHOT0) METOAY 0OpOOKH
TEKCTOBUX JIOKYMEHTIB IOKpaIlye eeKTUBHICTh pOOOTH aHAJIITHKA, OCKITEKU HOMY
HE TOTPiOHO MEepeunuTyBaTH BCi MaTepialy, 0 HAIXOAATh, & MOKHA 30CEPEAUTHUCS
JUIIE HAa BHUKOHAHHI KOHKPETHOTO 3aBJlaHHA. PealizoBaHi  ajlropuTMu
HaIiBaBTOMAaTU30BaHO (aBTOMATH30BaHOi) OOpPOOKM TEKCTOBUX MarepiatiB
JI03BOJISIIOTH 3IIMCHIOBAaTH iX ONpAlfOBaHHS Oe3MOocepeiHbO B Micli J0OYBaHHS
iH(popMariii, o Oy/e 3HaUHO EKOHOMMUTH Yac MOIIYKY Ta 00pPOOKY.

3acToCyBaHHS aJIFOPUTMY KJIaCcTepU3allii MiABUINATL YUTA0CIBHICTh KapTH Ta
JI03BOJINTH aHAIITUKY HE PO3MOPOIIYBaTH yBary.
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METHOD OF PARAMETRIC ADAPTATION OF PARALLEL AND
SEQUENTIAL TURBO CODES USING NEURAL NETWORKS

Abstract. The work is devoted to the study of increasing the efficiency of functioning
of modern wireless technologies 5G and 6G. The article presents a method of
parametric adaptation of parallel and sequential turbo codes using neural networks
of the multilevel perceptron type and the decoding uncertainty indicator.

The use of neural networks of the multilevel perceptron type for adjusting the
external logarithmic ratios of the likelihood functions of probabilistic algorithms
for decoding parallel and sequential turbo codes is considered.

Turbo codes are decoded using the maximum a posteriori probabilities (MAP)
decoding algorithm, which calculates the posterior probability of each decoded
symbol, minimizing the probability of an information symbol (bit) error.

The aim of the work is to develop a method for parametric adaptation of parallel
and sequential turbo codes using neural networks of the multilevel perceptron type
and a decoding uncertainty indicator.

The use of the decoding uncertainty indicator for parallel and sequential turbo
codes at the training stage when determining the weight coefficients of the weight
matrix and when functioning of neural networks is proposed.

Keywords: 5G, 6G, wireless technologies, turbo codes, neural networks, multi-layer
perceptron, decoding uncertainty.

JI.I. 3ajineBa

[HCTHTYT TemexkomyHikamii i riodampHOTO iH(pOpMamiiHOoTo Tpoctopy HAH VYkpainwm,
M. KuiB, Ykpaina

METO/J MAPAMETPUYHOI AJANTAII MAPAJIEJIBHAX
TA IOCJIJOBHUX TYPBO KOJIB 3 BUKOPUCTAHHSM
HEWUPOHHUX MEPEX

Anomauin. Pobomy npucesaueno 00Cniodcento nioGUWeHHs epheKmusHocmi
@ynxyionysanns cyuacnux 0Oesnposionux mexuonoeii SG ma 6G. B cmammi
npeoCcmasieHo Memood napamempuyHoi adanmayii napaieibHux ma nociio08HUX
myp6o Ko0i6 3 GUKOPUCMAHHAM HEUPOHHUX Mepedc muny OazamopisHesull
nepcenmopor ma NOKA3HUKA HeBU3HAYEeHOCMI 0eK0OYB8AHHSL.

Poszensinymo  euxopucmanns — HeUpoHHUX — Mmepedic  muny — 0acamopieHesutl
nepcenmopon 0isl KOPUSy8anHs 306HIUHIX 102apupmivnux 6ioHoulensb QyHKyii
npasoonodiOHOCmi  UMOGIDHICHUX AN2OpUMMIE 0eKOOYB8AHHS NAPANeIbHUX mda
nocaioosnux mypoo xo0is. Jlekodysanms mypoo K00ig 8i006y8acmvbcs 3a 00NOMO2010
aneopummy 0eK0OY8amuHs N0 MAKCUMymy anocmepiopnoi umogipnocmi MAP
(maximum a posteriori probabilities), axuil 30ilicCHIOE PO3PAXYHOK ANOCMEPIOPHOT
UMOBIDHOCIMI  KOJCHO20 0eKO00B8AHO020 CUMBONLY, MIHIMI3VIOUU UMOBIDHICb
NOMUNIKU THQOpMayiliHo20 cumeony (6ima).
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Memoio pobomu € po3pobka memody napamempuunoi adanmayii napanienbHux ma
nOCHi006HUX MYPOO KOOI 3 BUKOPUCMAHHAM HEUPOHHUX Mepedc MUny
bazamopienesuil nepcenmopon ma NOKAHUKA HeBUSHAYEHOCHI 0eKOOYEAHHSL.
3anpononosano  eukopucmauHs — NOKA3HUKA — HEGUSHAYEHOCMI  0eKOOYBaHHs
napaneibHux ma nocrioogHux mypoo Kooié na emani HAGYAHMS NPU 6USHAYEHHI
8a208ux Koe@iyienmie mampuyi eaz ma npu PYHKYIOHYBAHHI HEUPOHHUX MepPedC.
Kntouosi cnosa: 5G, 6G, be3npogioni mexuonoeii, mypoo Koou, HellpoHHi Mepexci,
bazamopienesuii nepcenmopoH, HegU3HAUEHICIb 0eKOOYBAHHSL.
https://doi.org/10.32347/2411-4049.2026.1.214-224

Beryn

BesnpoBonoBuii 3B'130K Mae BHUpillanbHE 3HAUCHHS B 6araTb0X CEKTOpax, TAKUX 5K
TEJIEKOMYHIKaIlil, aépOKOCMIYHa Taly3b, 000pOHa, OXOpOHA 3IOpOB'sA, [HTEepHET
pedeld Ta moOyToBa enekTpoHika. Lli cucTeMHm MpPOMOBKYIOTH PO3BUBATHCS BiJ
MOKOJiHHS 10 MOKOMiHHA. Hapasi BUKOpUCTOBYIOTHCS 0e3nmpoBoIoBi cuctemu 5G, i
JOCTIDKYIOThCS TIepcreKTuBHI — Mepexi 6G abo Beyond 5G (B5G) [1-3]. i
MaiOyTHI ~ CHUCTeMH  CIOpsSMOBaHI  Ha  3a0e3medeHHS  HAAHAIIHHOTO,
HU3BKO3aTPUMKOBOTO, BHCOKOMPOAYKTUBHOTO Ta INTYYHO-IHTEJIEKTYaIbHOTO
3'enHaHHs. JIOCATHEHHS I[MX LiJeH OCTaBIIIO HOBI BUKJIMKH, SIKI BUXOIAThH 32 MEXKI
MO>KJIMBOCTEH TPAAULIITHUX METOIIB KOAYBaHHS KaHAJIB, TAKUX SIK KOJH 3 HU3bKOIO
mIiTeHICTIO IepeBipku Ha mapHicTh (LDPC) Ta Typ6o koam.

insmMu 0e3MpoBOJOBUX KOMYHIKAIIMHUX CHCTEM HACTYITHOTO TMOKOJIHHS,
0cobmmBo 6G, € OKpaleHe 3'¢ JHAHHS, 3MEHIIICHHS 3aTPUMKH Ta BHUINA IBUAKICTh
nepenavi nanux. s cuctem 6G HOCTIKYIOTECS CXEMH KOJYBaHHS KBaIpaTypHOT
amrmriTyaaoi Monymsnii (QAM), BUKOpUCTaHHS KBa3iIUKIIYHUX KOJIB 3 MOk
nepesipkoto Ha napHicTb (QC-LDPC), moaymsawii QAM 3 TypOo KoamMu, MOTYJSIIIT
QAM 3 LDPC-kogamu ta moaysrii QAM 3 monsipHuMu Konamu [4-5].

MeTtoro podoTH € po3poOKa METOLy TapaMEeTPUYHOI aJanTamii napajeinbHuX Ta
MOCTIIOBHAX TypOO KOAIB 3 BUKOPHCTAHHSIM HEHPOHHUX MeEpeX THUITY
OaraTopiBHEBHI NEPCENTOPOH Ta MOKA3HWKA HEBU3HAYEHOCTI JEKOJyBaHHS.

Buxiaa ocHOBHOr0 MaTepiajty 10C/iIKeHHs

Jus mokpamenHs xapaktepuctuk JIBOII typOo kofiB mpu mapaneabHOMYy Ta

nociinmoaomy 3’eqHanHi PC3K, Oyaemo BukopuctoByBatd MLP-HelipoHHy

mepexy (MLP — Multilayer Perceptron, GaraTonapoBuii nepcenTpoH).
3anpononoBano anroputM kopekuii JIBOIT uepez MLP s TypOo koamis.

1. Inimiamizamis.

Hns nakery t:

1) Otpumyemo 3 KaHay NPUHHSATI CUMBOJIU V.

2) Inimiamizyemo anpiopni JIB®II (skmmo neprmwmii qexonep Typoo Koay):

LY () = 0 VK, (1)
ne uy, — k-ui inpopmaniiHuii Oit.

2. OGuwucnenns 3oBHimHKoro JIBOIT nexonepa Typ6o koxa.

JexonmyBaHHs TypOO KOMIB BiJOYBaeThCsAs 3a JIOMOMOIOK  alilOPUTMY
JeKOJYBaHHS O MaKCHUMyMy anoctepiopHoi HmosipHocTi MAP (maximum a
posteriori probabilities), skuii 3aiHCHIOE PO3PaXyHOK arnocTepiopHOi HMOBIPHOCTI
KOKHOTO  JICKOJIOBAHOTO CHMBOJIY, MIHIMI3YIOUH HMOBIPHICTP  TTOMHJIKA
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inpopMarliifinoro cumBony (0ita). JlekoayBaHHs TypOO KOIiB BilOyBaeThCsA 3a
TaKOIO K PEIiTYACTOIO0 liarpaMoro, 3a sikoro mpaitoe koxkeH RSCC typ6o xony.

Hanpuxnaz, anroputm nexonysanas MAP nBox 6it Typ6o komy amns Bugy RSCC
(1, 5/7) mokazanwmii Ha puc. 1.

Puc. 1. Axroputm nekomysarHs MAP nBox 6iT Typ60 koay mis Buxy RSCC (1, 5/7)

JexonyBaHHS BiIOYBa€THCS 32 IBOMA HANPSIMKaMH: Y TIEPIIOMY HANpsIMKY (Bif
MOYaTKy OJIOKY JI0 KiHIIS) JUTsE KOKHOTO CTaHy TypOo KOy OOUHCITIOIOTHCS TPSIMi Ta
MepexiaHi peKypcii, y ApyromMy HampsIMKY (3 KiHIIS OJIOKY /10 TTIOYATKY ) BiOyBa€eThCS
PO3paxyHOK 3BOPOTHHUX PEKYPCiii, BUKOPUCTOBYIOUH MEPEXiHI peKypcii, oTpruMaHi
IIPH [IEPIIOMY HANPSIMKy OOYUCIICHB.

Jlorapudmiune BinHOMIEHHS (QYHKLIA NpaBAonoAiOHOCTI mpo mepegaHuil OiT

L(u,) sanexurs Bix kananpHoi iHpopmauii L. (y,), anpiopHoi inpopmamuii mpo
nepenannii 6it L (x,) Ta anmocrepioproro LLR, BupoGieHOro 6e3mocepenHbo
camum aexkogepom L, (x,). Tomy npu iekoyBanHi 6ita Y, JUist 00YHCICHB MEPIIMM

JIEKOJICpPOM Ha iTepallii IeKoJAyBaHHs j, j € 1,_[ , Ie [ — 3arajbHa KiJIbKICTh ITeparii
nexoayBanHst, Bupa3 LLR Moxe OyTH 3alTMCaHO TAKUM YHHOM:
>l () Bs) (s 9)
(s',s)
LV (x,) =log<— = =L (y)+ L/ (x)+L’(x), (2)
’ a5 B 1(s'9) ’ ’ '

(s',s)
=0
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ne LY/ (y,) — xananbna indopmanis, L' (x,) — anoctepiopse LLR Gity manux x,,
&flf)l (s') — HopMamizoBaHe 3HA4YEHHS TNPAMOI peKypeii oc@l (s"), Bl(l)(s)
HOpMAJTi30BaHe 3HAYEHHS 3BOPOTHOI peKypeil BEI)(S) )

Bingmosigno, 11t Apyroro Aekoaepa OTPUMAEMO:
> alls) B v s s)
(s',s)
L (x,) =log~&— = =L () + LY (x)+ L (x)- ()
T ERE) B ) s s) ’ ’ ’

(s's)

=0

Hami po3paxoByeThcst amoctepiopue LLR 6ira manux, BupoOieHe camuM

nexonepom, — L)/ (x,):
Lle,j ('xt) = Ll’j (xt) - Llc,/ (yz) - sz (xt) . (4)
IMicns mepemesxysaua I1 amoctepiopue LLR L:'(x,) mepetBoproeThes Ha

anpiopre LLR L2/ (x,): L/ (x,) = fl(Lle’j (xt)), ne f1() — (byHKIIis, M0 31iCHIOE
orepanii mepeMexyBaHHs, 1 TOJAEThCA Ha aekoxep 2. Jlekomep 2 BHKOHYeE

AHaJIOTiuHi 0GUMCIICHHS U1 OTpUMAaHHs Bemunan L' (X,) :
2,j — 72J 2,j 2,j
Le ('xt)_L (xz)_Lc (yt)_La ('xt)' (5)
. 1,j+1 _ 2,7

Bukonasmu onepatiiro aenepemexysanns [[: L7 (x,) = fQ(Le / (xt)), ne fz() -
GbyHKIsS, 0 31HCHIOE omeparlii IenepeMexyBaHHsl, BETHYHMHA BUKOPUCTOBYEThCS
sK anpiopHa ans aekoxaepa 1 itepamii j + 1. Jlami 3ifCHIOIOTECS OOYHUCIICHHS,
anayioriuni (2), (3). Ilicns BUKOHAHHS BCIX ITepalliii JIEKOJAYBaHHS BHHOCSTHCS
«KOPCTKI» pillleHHsI PO Tiepeaanuii 6iT: U, = sign [L(ut)]

3 ypaxyBanHsM HARQ oCHOBHI MaTeMaTW4Hi CIIBBIJHOIICHHS 3aIlUIIYyThCS
HACTYITHUM YHHOM:

Pospaxynok LLR 6ita nanux x,, t €1, N, i-m gexoaepom, i € 1,2, j-i itepauii
nexonyBanus, j € 1,1, nust Beix 6iT Gioky noBkuHOIO N, nexozepa 11 2, itepariit

nexonyBanus j €1,/, ne I — 3aranpHa KiIbKIiCTh iTepauiil aexomyBaHHs, h —
napameTp aBTOMaTHYHHX 3alUTIB Ha IOBTOPHY Mepeaavy.

> a9 (") Bs) -y (s, 5)
(s',s)
L (x) =log it ~
> a0 (") Bs)-y(s, s)

(s',)

=0

2B s)- exp[; () Loy e Ly )}
(s'ss)
10g =1 —
~(@) ry Rl) l ( Ch (Li,j,h ChyL T C,h) L Hi,h)
2. GBI expl b AL )+ Ly Ly
(s'ss)

=0

= L)+ )L ).
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Pospaxynok amnocrepiopHoro LLR 6ita manux x,, f €1, N i-M gexonepowm,

i €1,2, j-it itepariii nexkomyBauns, j € 1,7, anst Bcix GiTiB 670Ka AOBKHHOKO N,

nexozepa 1 u 2, itepariit nexomysansst j € 1,1 :
LI::j,h (‘xt) = Lin’h (‘xt) - Llcjh (yt) - Li;j’h (xt) .

SKIIO ICHYIOTh MOMIJIKA B TPHAHATOMY OJomi JOBXWHOIO N, (GOpMyeThCs
curHan HARQ, sxwii mepemaetpcst Ha Aexonep s Moaudikariii amropurMmy
JeKOJYBaHHsI 1 HAAXOAUTH MO KaHAIy 3BOPOTHOTO 3B'SI3KY JUIA MOBTOPHOI Mepeaayi
010Ky jianux. [lapameTp aBTOMAaTHYHKX 3aITMTIB 3BOPOTHOI nepeaui 7 =h+1.

3. ®opmyBanns o3Hak ansg MLP.

s koxxHOTO OiTYy U) CTBOPIOETHCS feature vector:

fre = (6)
| L9 i), | L7 (i) |, AL (), Ne irepanii, CRC, HARQ |

—  PospaxoByerbcst AL, (uy) = LS) (ug) — Lgl_l)(uk) — 3mina JIB®II nHa
MoTIepeIHIN iTeparii.

4. Kopexmis LLR gepe3s MLP.

MLP HaBUaeThCs K KOpUTYBaibHa (DYHKIIiS, sSKa mepeTBoproe 30BHimHE JIBOIT:

Le(ui) = fo(fi), (7

ae:

— fo — MLP 3 mapamerpamu 6.

— Buxin: ckopurosana 3oBHintHsa JIBOIT s Oita uy,.

MLP mae HactynHy apxiTekrypy: Input — Dense64 — ReLU — Dense32 —
ReLU — Densel — Identity.

PosrnsiHeMo 110 apXiTeKTypy AeTalbHilIe.

4.1. Bximauit map (input).

Hexaii BXifHHI BEKTOP:

N
x:[xl,xz,...,xN]eD ,

ne enemenTamu € LLR 3Ha4YeHHs, NPUIAHATI 3 KAHATY 3 ypaxXyBaHHAM «KaHAIBHOD»
HAJIAHOCTI.
4.2. Tlepmmii noBHO3B si3HMH map (Dense64) (puc. 2).

Bxigauii BekTop

x1 I I I I » neuronl

x2 I I I I » neuron2
| | | |

X3 I I I I » neuron3
I I I I
I I I I

xN » neuron6t64

Puc. 2. Tlepmmit noBHO3B s13HMi# map (Dense64)
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TyT BinOyBaeThCs NiHiMHE IEPETBOPSHHS:
z, =Wx+b,,

ne
VV] c D 64xN ,
b ell®™,
z, el *.
Y npomy Bupasi W, —mMarpuiis napameTpis, siki HABYaIOThCS 11/l 4aC TPCHYBAHHS
Mepexi.
Po3mipHicTb:
VVI c D 64xN ,
ne N — KiTbKiCTh BXOIB, 64 — KiTbKiCTh HelpoHiB y mapi Dense 64.

Kosxen Helipon Mae cBiii Habip Bar.
Hanpuknan, s HeilpoHa i:

W’i:[W, w. w

i1s Wizseees iN]'
Li Barm BU3HAYAIOTh BAXKIIMBICTH KOXXHOTO BXOJTY.
Jami, b1 — BEKTOp 3MilleHHs Bias, 11e 10JaTKOBUI mapamMeTp IS KOXHOIO
HEUpOHA.
PoaMipHicTh:
b ell®™,
Tob6T0

b=[b,57,...5% .

PesynbTaT NiHIMHOIO IEPeTBOPEHHS Z, — 11 BUXIJ JIiHIHHOI YacTuHU mapy (10
aKTHBAIli1).
Po3mipHicTb:
64
z, el™,
OOuucieHHs aJisl HeWpoHa i
Z S WX WXy + WXy, b,
ToOTo, 11e cKansApHHiA JOOYTOK BXOJY 1 Bar IUToC bias.
[ToBHO3B s3HMiA (Dense) map o3Hadae, M0 KOKEH BXiJ 3’€JHAHUN 3 KOKHUM

HelipoHoM trapy. Y mapi Dense64 € 64 HeiipoHu.
[ap o6uuncmoe 64 Takux HEHPOHHU OJHOYACHO:

2
=
z, =
End
abo
z, =Wx+b,,
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e
Wi Wi Wn
wW. W, wW.
)1 2 N
W= ,
Wean Weao 7 Wan

4.3. AxtuBariist ReLU (Rectified Linear Unit — BUIpsSAMIICHUH JTIHIHHWA 0I0K).
OyHKIiA

Re LU (z)=max (0, z).

Tob6to
h=ReLU(z)
abo
= Zys 2 >0
' lo, z,<0°
hoel®.
4.4. Hpyruit Dense map (Dense32) (puc. 3).
h1(1) I I I » neuronl
h1(2) : : : » neuron2
h1(3) | | I > neuron3
| | |
| | |
h1(64) > neuron32

Puc. 3. lpyruii Dense map (Dense32)

BukopucTOBYy€eThCSI HACTYTIHE JIiHIITHE IepEeTBOPEHHS:
Tyt BinOyBaeThcs NiHiTHE TEPETBOPEHHS
z, =W,h, +b,,
ae
32x64
w,ell ™™,
32
b, ell™,
32
z,ell ™.
[Ticnsa mapy Dense64 ta ReLU orpumyemo BekTop 3 64 3HaU€Hb:

hl:|:hl(l)’ hl(z)’ . }11(64)]

Leit BexkTop mogaeTsest Ha Dense32.
Dense32 — 11e noBHO3B’s13HUH map 3 32 HEHpOHAMHU.
Kosxnuii Heiipon otpumye Bci 64 Bxoau.
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Marpuris Bar Mmae po3mip:
VVz c D 32x64 )

To6To, 32 psaaxu (110 OgHOMY U KOXKHOTO HeipoHa), 64 cTOBMIII (TI0 OHOMY IS
KO)KHOTO BXOIY).

Wi Wi W64

Wi W, W, 64
w,=

Wi Wi W35 64

Bexrop bias BU3Ha9a€eTHCA SIK:
b= b, b, 0 .
[Ilap oOuuCITIOETHCS 3a POPMYIIOHO:
z, =W,h +b,,
OOuucieHHs AJ1s HelpoHa 1:
1 1 2 64 1
2 = Y B L w W D)
4.5. Apyra ReL.U.
hy,=ReLU (z,),
hyell ™.

4.6. Buximauit Dense map (Densel).
Takox BUKOHYETHCS JIiHIITHE TIEPETBOPEHHSL:

z, =W,h, + b,
ne
VV3 GD 1><64’
b, ell ,
z, €l

Densel — 11e MOBHO3B’sI3HUI 1ap 3 OJHUM HEHpoHOM, ToOTO 32 BXOoaM 1 1 BUXIL.
Martpuiisg Bar Mae po3mip:

1x32
w,ell ™",
W, :[Wla Wy s W32]-
TakuM YMHOM, BHXIJT OOUHCITFOETHCS SIK:
1 2 32
z, =W, +b, = wh" + w,h? + .+ w, b + b, .

4.7. JIiHiiiHu# BUXI.
BukoHyeTbcs HacTynHe:

y=z,=W,h,+b,.
e BaxxnmuBo mis LLR kopexkuii, 60 3Ha4eHHS MOXYTh OyTH SIK AOAATHI, TaK i
BiJ €MHI.
4.8. IloBna MmaTemaTnuHa Moaeiab MLP:

y=W,ReLU(W,Re LU (Wx+b)+b,)+b,.
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5. O6uuncnenns anocrepiopuoro LLR micis kopexkiii:
L(ug) = La (i) + Le (), - ®
ne L,(u;)— ampioppge LLR (Bim momepemusoro aexomepa); L,(uy)—
ckopuroane 30BHimHe LLR Big MLP.
6. OOwmin 3oBHiHIME LLR y Typ6o nexonepi.
1) BuxopuctoByemo mepemexyBau (interleaver) abo nemepemexyBad
(deinterleaver), mo6 mepenatu LLR inmomy nexonepy Typ0Oo Koxy:
Lnext (y, ) = interleaver(L(uy)). 9)
2) TlosToproemo kpoku 2—6 mis N itepariii TypOo 1eKOAyBaHHS.
7. IligroroBka MLP no HaBuaHHA.
3acTocyeMo iThOBY (DYHKIIIFO BTpAT:

L== 3 Jwdn oLe(u)) + (1 —w)n (1 — o(Le ()], (10)

e o(x) = 1+e™*

Meroto € ckopuroBani LLR, ski BioOpaxaloTs NMpaBUIbHY HMOBIPHICTB yCITiXy
JIeKOTyBaHHS OiTa.

IcHytOTE TpHM TOAIT MO0 MPUHHATTS PIillIeHb MPHU AEKOAYBaHHI JEKOIEpPOM d,

— curmoinHa QyHKuis i nepeBeneHas LLR y iMOBipHICTS.

d €1,2 irepauii nekonyBaHHs j, j € 1,/ Gira inpopmarii:

1) Mogis Al. 3MiHM 3HaKy B 3HAYEHHSIX LZ’j (XZC ) i LZ’j (XZC ) iTepanii j He
BinOyBaeThes (Sign ( L‘;’j (xtc)) =sign ( L‘j’j (xtc)) ), L(x*)>0. Bunocutscs
OJIHO3HAYHE PIIICHHS I[0JI0 TOTO, 1110 OyB Hepeaanuil OiT xtc =1.

2) Mopist A, . 3vinu 3HaKy B 3HAYEHHAX Li’j (xtc) 1 iTeparlii j He BiIOyBa€eThCS
(sign( L (xtc)) = sign( L (xtc)) ), L(x*)<0. BuHOCHTECS —OIHO3HAYHE
PpillIeHHS MO0 TOTO, IO OYyB MepenaHui OiT xtC =-1.

3) Iomis A3 . 3HaK anpiopHOro 3HauYCHHS LZ’j (x,c ) Ta 3HAK arocTepiopHOL
iHpopMarii Li’j (xlc ) iTeparii j HE JOPIBHIOIOTH HYJTIO
(sign ( Li’j (xtc)) #sign ( Lj’j (xtc )) ). YV 1pOMYy BHIAAKy MOKIJINBI TOMJIKA

JIEKOTyBaHHSI.
INokasnuk sikocti ansi d, d € 1,2 npwu itepauii j, j € 1,1 po3paxoByeTbes SIK:

2
S RY(t+1)=R(t)+1,
d=1

AKILO sign(LZ’j (xtc));t sign(L‘j‘j (x,c)), tel,N.

UuM dacTilre 3Hau€HHS NMOKa3HMKA HEBHU3HAYEHOCTI R 3pocTae, TUM Oinbliie
HWMOBIPHICTb TMOSIBM HEMPABHJIBLHO JICKOJOBAaHUX OITiB, 1[0 HEraTWBHO BIUIMBAE Ha
JOCTOBIPHICTh MpHiioMy 1HGOpMariii.

CyMapHuii MOKa3HUK HEBM3HAYEHOCTI [y BU3HAYaeThCA K CyMa MOKA3HMKIB
HEBU3HAYCHOCTI 110 BCIX ITEpallisx ICKOTyBaHHS:

R, = ZI:Rd’-’.
Jj=1
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st 3py9HOCTI PO3paxyHKIB Ta ajgamnTallii 3po0MMO HOPMAaUTi3aIlifo MOKa3HHUKA

HEBU3HAYEHOCTI:
I
S
R-—B = _
B-N-I B-N-I
ne B — KibKicTh ONIOKIB JaHMX JESAKOro BikHA crocTepexenHs, N — 3MiHHuii
po3Mip OOKY AaHuX,  — KIIBKICTD iTepamuiil AeKoayBaHHS TypOO KoY.
[lpu mnapamerpuuHiii amanTamii, BUXOASYM 3 OOYMCICHOrO IOKAa3HHKA
HEBU3HAYCHOCTI JUIs Aekojepa d, d e 1,_2 Ha iTeparlii JeKOyBaHHS J, je L_[ , Ta

~

BpaxoBYIOYH HAKOMWYEHI 3HAYEHHS HEBHU3HAYEHOCTI Mo B 00pobieHmx Oj0Kax
JIAHUX, BUKOHYETHCS aJalTHBHE BU3HAUCHHS ONTUMAIBLHOTO PO3MIPY Jiarpamu
craniB Bignosignoro PC3K.

8. IloBHHIT TOKPOKOBHI1 anropuT™ (puc. 4).

Received symbols Corrected LLR
Demodulator Interleaver
LLR sys SISO 2
SISO Extrinsic2
(BCJR/LogMAP) +
MLP
Extrinsicl +
MLP Deinterleaver
(Dense64 — ReLU — Dense32 — +
ReLU — Densel)
Next iteration

Puc. 4. [loBHMI TOKPOKOBUH aNrOPUTM

1) Inimiamizaris: LEIO) = 0.

2) st koxHOro 0iTa Uf 00uncut L, (Uy).

3) CrBopuru feature vector f,.

4) Tlepematu f;, y MLP — L, (uy).

5) O6uucaurtu anoctepiopunii LLR: L(uy) = Lg(uy) + Lo (ug).
6) Ilepenatu LLR inmomy nexonepy (interleaver).

7) Hosropuru N iTepariii.
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ITicms ocraHHbOi iTeparii ckopuroBaHi LLR BHKOPHUCTOBYIOTBCS IS
ocrarouHoro pimenHs (hard decision):
. {1, L(ug) >0 (11)
Y= 0, L) <0

BucHoBku

1. Po0OoTy mNpUCBAYEHO  JOCHI/PKEHHIO  TIIBHUIICHHS  e()EKTUBHOCTI
(YyHKLIOHYBaHHS Cy4acHHX 0e3nmpoBiaHuX TexHonorii 5G ta 6G.

2. B crarTi mpencTaBiIeHO METOJ MapaMeTpHYHOI amamnTallii mapajieibHuX Ta
MOCTIIOBHUX TypOO KOAIB 3 BHUKOPHCTAHHSAM HEHPOHHUX MeEpeX THUIY
OaraTopiBHEBHIA IEPCENITOPOH Ta MOKA3HUKA HEBU3HAUCHOCT1 JCKOAYBAaHHS.

3. PosrmsgHyTO BUKOpHCTaHHS HEHMPOHHHX MepeX TUIly OararopiBHEBHMA
MIEPCETITOPOH AJII KOPUTYBAHHS 30BHIMIHIX JIOTapH(PMIYHUX BiTHOIICHD (YHKILiH
MPaBIONOMIOHOCTI WMOBIPHICHUX alNTOPUTMIB JICKOAYBaHHS MapajelbHUX Ta
MOCITIIOBHUAX TypOO KOZIB.

4. 3amporOHOBAaHO BHKOPUCTAHHS MOKAa3HMKAa HEBH3HAYCHOCTI JEKOTyBaHHS
napajneilbHAX Ta MOCTIIOBHUX TypOO KOJIB Ha eTami HaBYaHHS NPH BU3HAUCHHI
BaroBuXx Koe(illieHTiB MaTpHIli Bar Ta Npu QYHKIIOHYBaHHI HEHPOHHUX MEPEK.
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Abstract. The article discusses the integration of simulation modeling and object-
oriented programming (OOP) in IT education. The authors argue that closed-source
commercial tools (Simulink, GPSS, Simio) limit the educational process by hiding
the internal system architecture. As a solution, the "Simulation" open-source Java
framework, developed at Chernihiv Polytechnic National University, is presented.
The framework is based on discrete-event simulation and the "active object"
concept. The core element is the Actor abstract class, which defines object behavior
through the rule() method. Model time management and process synchronization
are handled by the Dispatcher class, which utilizes a queue-based system to process
events and validate logical conditions via lambda functions.

The educational curriculum is divided into stages: studying random number
generators (Uniform, Norm, Erlang), statistical data processing, and building
queuing system (QS) models. To analyze simulation results, students employ
components such as ExperimentManager for automated factor analysis and
TransprocessManager for studying transient processes. Special emphasis is placed
on the object-oriented analysis of real-world systems, such as soil extraction
logistics.

The study demonstrates that the open-source nature of the "Simulation" framework
enables students to explore the internal implementation of complex software, design
patterns, and pseudo-parallelism mechanisms. This approach ensures continuity in
programming training and enhances the development of professional IT
competencies. The project is hosted on GitLab.

Keywords: simulation modeling, object-oriented programming, Java framework,
queuing systems, discrete-event simulation, active objects, IT education.
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Relevance of the study. Mastery of simulation tools and the ability to build
appropriate models is essential for training developers of modern IT systems, the
complexity, dynamism, and scale of which are constantly increasing. Simulation
modeling is a research method based on the fact that the system under study is
replaced by a simulation model and experiments are conducted with it in order to
obtain information about this system without resorting to experiments on a real
object. Modeling is widely used in the study of systems of various nature. For IT
students, the greatest interest is the simulation modeling of queueing systems (QS)
[2], [3]. Developing a simulation model in a programming language “from scratch”
is a rather difficult task; however, the models development time for complex systems
can be reduced by using existing effective modeling tools.

Target setting. A significant disadvantage of using existing effective modeling
tools in the educational process is the lack of access to the source code, which does
not allow using them as examples of the large-scale software systems structure and
implementation in the training of IT specialists. The ability to solve problems that
go beyond the scope of these tools is also a problem. We propose to use an approach
in the educational process in which students not only use a closed software product
to implement their own models, but also have access to the source code of the
package.

Actual scientific researches and issues analysis. For the implementation of
modeling, various concepts of formalization and structuring are used, the choice of
which significantly depends on the systems under study. MathCad [4] can be used
to solve differential equations. Simulink [5] makes the modeling process more
understandable and accessible through the use of block diagrams. However, GPSS
[6] is better suited for modeling systems consisting of objects interacting in time.
A powerful tool is the Simio platform [7], which is used for discrete event modeling
with built-in support for both simulation and planning.

Identification of previously unsolved parts of the general problem. While the
analyzed tools are efficient for engineering tasks, they are insufficient for
comprehensive IT education. The gap in current research and practice is the absence
of an educational framework that combines practical simulation modeling with deep
immersion into the source code implementation. This limits the formation of
essential object-oriented thinking and the understanding of real-world software
architecture necessary for modern IT specialists.

The research objective. The objective of this research is to enhance the quality
of the IT educational process by ensuring the continuity of programming training
and the formation of object-oriented thinking. This is achieved through the
development and implementation of an open-source simulation framework in the
curriculum, allowing students to study the internal structure and implementation of
tools simultaneously with their practical application.

Presentation of the main material. The framework “Simulation” was created at
Chernihiv Polytechnic National University to support the educational process in the
disciplines “System Modeling” and “Object-Oriented Programming”, which are
closely related in the structure of training specialists in computer engineering. This
connection is due to the fact that the department consistently implemented the
principle of “to acquaint students not only with the use of packages, but also with
their internal structure and implementation”. The simulation course was ideally
suited for the implementation of this principle, because simulation modeling is
organically connected with the object-oriented approach to design and programming.
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In accordance with the outlined idea, the developers formulated the following
requirements for the framework, which should ensure the solution of the task of
mastering the methods and means of simulation modeling in the educational process:

— the ability to create active transactions (which have their own rules of action);

— the ability to delay the execution action rules for a certain time or until the
corresponding conditions are met;

— the presence of components that correspond to the main elements of the
queueing system model;

— the presence of random variables generating means and statistical data
processing;

— the presence of means for automating experiments with the model;

— the presence of special tools for analyzing transient processes;

— the openness of the code.

To implement the requirements, a library of interfaces and classes, including
abstract ones, has been developed in the Java programming language. This library is
similar in functionality to the Simula language [8, 9]. The library [10] uses the
concept of discrete simulation, which assumes that the state of the system can change
only at the moments of completion of events, and is based on the description of
processes that are focused on transaction processing or simulate the behavior of
active transactions.

To model objects that operate in parallel over time, the framework implements
the concept of an “active object.” Such an object can be a service device, an agent,
or even a transaction provided it exhibits its own behavior over time. To create such
objects, the abstract class Actor is used. Subclasses of this class must provide an
implementation for the rule() method, which defines the object's logic over time.

The Actor class provides access to methods that provide a delay for some time in
the action rules execution, or a delay until the execution of a certain condition, which
is described in a lambda function form of the standard BooleanSupplier type. You
can also use a combined delay method that provides a delay until the execution of
the corresponding condition, but not more than a specified time. The condition and
the object's activation time are stored in the corresponding fields of the active object.

Below is an example of the FinishDevice class, which represents objects that
complete transaction processing. The action rules include waiting for a transaction
to appear in the queue and delaying the transaction processing time.

public class FinishDevice extends Actor {

//Simulation duration

private double finishTime;

//Transaction queue

private QueueForTransaction inputQueue;

//Processing time generator

private Randomable rnd;

//Waiting condition

private BooleanSupplier isTransaction = ()-> inputQueue.size()>0;
//Active object action rules

protected void rule() {

//A loop while the duration of the simulation

while (dispatcher.getCurrentTime()<=finishTime) {

waitForCondition(isTransaction, "must be a transaction");

//Removing a transaction from the queue
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queue.removeFirst();
//Transaction processing delay
holdForTime(rnd.next());

H
H
}

Each active object has access to an object of class Dispatcher. This object is
responsible for advancing the model time (currentTime) and for synchronizing the
action rules of the active objects. The dispatcher has three queues. The Ready Queue
stores active objects that are ready to start executing their action rules. The Condition
Queue contains objects that have suspended their action rules until the condition they
are storing is met. The Time Queue contains objects that have temporarily suspended
their action rules and stores the value of the model time when the action rules need
to be resumed.

The dispatcher prioritizes the Ready Queue, activating the first available object
and pausing its own execution until the activated object yields control or terminates.

The dispatcher then activates again and, if the Ready Queue is empty, scans the
Condition Queue. If the condition for any of these objects is met, the dispatcher
activates that object and pauses until the activated object stops.

The Time Queue is viewed by the dispatcher last. The dispatcher selects the
object with the shortest activation time from the queue and sets the model time value
according to the activation time of this object. In this way, the model time is changed
from event to event. After the time is changed, the dispatcher activates the selected
object.

Another important class of the framework is the QueueForTransactions class,
whose objects are queues for storing transactions. References to an object of the
Dispatcher class, an object of the Diagram class (to display queue changes over
time), and a DiscretHisto statistics accumulator can be passed to objects of this class.
In this case, the queue will display changes in its state over time on a chart and
accumulate statistics about changes in its size.

A variant of such a queue is the Store class, whose objects accumulate their size
as a real number, but can also be associated with a statistics accumulator and a chart.

A simulation model building. The framework offers a certain protocol for
creating a simulation model. According to this protocol, the model must have a
constructor through which a reference to an object of the Dispatcher class is passed
and a reference to an object from which the model can obtain settings for its
components. Such an object can be, for example, a graphical user interface that
provides the ability to configure model parameters and provide access to them. This
is the solution presented in Fig. 3, 4, 5, where the QS parameters panel is used to
configure the model parameters. The user initiates the modeling process using the
Start button. As a result, an object of the Dispatcher class is created. After that, the
model is created either directly by the constructor or by the model factory.

The constructor call should ensure the creation and configuration of the model
itself and all its components, that are required at the time of start. The model
constructor must also ensure the loading of active objects into the dispatcher's Ready
Queue through the appropriate method. After the model is created, the modeling
process is initiated by calling the dispatcher's start method.

The process of creating a model is discussed in more detail a little later.
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The framework includes various classes of random number generators, classes
for accumulating statistical data, processing accumulated data, and testing statistical
hypotheses.

The visual components of the framework help create an application graphical
interface for conducting model experiments. In particular, these are visual
components for selecting and configuring random number generators, elements for
input/output of data with simultaneous conversion, and diagrams for displaying
graphs and histograms.

The ExperimentManager component provides automation of conducting a series
of single-factor experiments with a model at one or many levels, as well as variance
and regression analysis of the obtained results.

The TransprocessManager component allows you to conduct experiments on
parameter estimation and viewing transient processes in the model queues.

The StatisticsManager component allows you to organize the collection of
statistical information about the model's operation and convenient viewing of
statistical data.

GitLab provides access to the framework via the link [10].

Practical tasks overview. Random number generation. At this stage, first,
methods for obtaining uniformly distributed random numbers and their testing are
investigated.

Then, methods for creating random number generators for other distribution laws
are considered, in particular, uniform (Uniform class), normal (Norm class),
triangular (Triangular class), exponential (Negexp class), Erlang (Erlang class),
discrete (Discret class) and arbitrary (Linear class). The concept of a “random flow
of events” is also investigated.

As practical work, researchers create an application using the tools of the
Simulation framework, Fig. 1. This application allows studying the influence of
distribution law parameters on the probability density function and the integral
distribution function.

|£ | Distribution laws studying = O X

| Probability density histogram Sampling parameters: ol
104l | Sample size = 1000.
| Minimum value = 0,0411
: Maximum value = 4,7654
| oo Average value(m) = 1,004 1
— Standard deviation(og) = 0,699 T
| "_0'33 ‘M Erlang coef.(m/c)"2 = 2,1
Intervals Relative freq.
Integral distribution function -0.38..0.05 0.0020
| 712 0.05.048 0.2360 -
L 0.48..092 0.3090
7 092 .135 0.2190 |
0 ] 1.35..1.78 0.0980 [
1.78 ..2.22 0.0760 —
‘—_0'33 ‘ 4.82 299 A2gE  nn200 ||
| Distribution law selection——— Sample size

Erlang(m=1.0;k=2) 1000 Generate

Fig. 1. Application for studying distribution laws
Source: Developed by the authors
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Statistical data processing and statistical hypothesis testing. In the bounds of
performing this task, statistical processing of the provided samples of numerical data,
which are located in text files, is carried out. To implement the task, an application
is used that allows you to view the data sample, calculate the main statistical
characteristics and test statistical hypotheses about the compliance of the data with
the selected distribution law. Fig. 2 shows the results of testing the random number
sample and testing the statistical hypothesis for compliance with the selected law.

|2 Random data testing — 14| Random data testing (u] X
|
File selection ‘iew the beginning of tF File selection View the beginning of the file
Salacted file name i File parameters | | Selected file name File parameters

BV Simulationlaval 103 C:\Biv SimalationJaval 103

selection of distribution [&w Selaction of distribution law for testing—
i Eampl
| S’m:;s'“ | | —= ’; Erlonn(m=105.0:k=4)
|

1 Kelmogorow-5mirmo...

Pirson test Kolmoga |

Sampling parameters: Processing resy | Erlang (m=105.0:k=4d) Processing result
Sample size = 603, - | pir
: ‘ ‘ 04

Minimum value = 11, 04

Maximum value = 32

Intervals
-1%.73 ..
11.97 ..
43,68 ..

19.72 —————— 10.7% 380.6
a) b)
Fig. 2. Processing a sample of random numbers

(a — parameters calculation, b — statistical hypothesis testing)
Source: Developed by the authors

Development of a queueing system simulation model and its research. At this
stage, individual tasks are performed to develop and study simulation models for
queueing system related to various subject areas. As an example, an object-oriented
analysis of soil extraction and transportation works is proposed. The queueing
system proposed for modeling includes a bulldozer, a loader, a team of dump trucks
and a pile of soil formed by the bulldozer. In the process of completing an individual
task, the following steps must be implemented:

— conduct an object-oriented analysis of the system and form a list of objects that
will be included in the model,

— determine the list of indicators that characterize the operation of the system,
and methods for experimentally determining these characteristics in the modeling
process;

— create a simulation model of the system using the tools of the Simulation
framework, and program the behavior of active system objects;

— develop a visual application that will allow you to configure model parameters
and view the results of statistical processing of modeling results. To simplify this
task, the StatisticsManager component is used.

As an example of a software implementation, let's consider an application that
models a simple Markov QS. Fig. 3 shows the results of this application.

The active components of the model are represented by the Generator and Device
classes, which inherit the Actor class and implement their rule() methods, which are
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similar to the rule() method of the FinishDevice class, which was previously
considered. The transaction queue 1is represented by an object of the
QueueForTransactions class. The transactions themselves were modeled by objects
of the Double class, which contained the time when the transaction was included in
the queue. As a storage of statistical data about the queue length, an object of the
DiscretHiso class was connected to the QueueForTransactions class object. To
accumulate information about the transactions waiting time in the queue, an object
of the Hiso class was connected to the Device class object. Another such object was
used to accumulate the waiting time of the Device class object.

Lazy instantiation and initialization methods were used to create model objects.
When the object was first accessed, the model created this object and initialized it
using a reference to the visual part.

(
| |£] study of simple Q-system by simulation modeling - (m] X ulation modeling - [m] X
Q-system parameters [ Test | sStat [ Test | Stat i
Interval between request: Queue size Histogram for queue length |
| Exponential(m=1.0) 25 04
Request processing tim | 0.0
Exponential(m=0.8) IL i 1.0 ] [ 200
T —— e | L Number of additions = 1020%.
Average value(m) = 3,172 I=|
‘ 999999 Value Frequency B
0.0 0.3371
Modeling time [o] 1.0 0.1325 ~|
\ 5000 0 5000 < il I
[_| Show protocol Start ‘Histogram for queue Ie...| v| Start

Fig. 3. Application for studying a simple Markov queueing system
Source: Developed by the authors

Automation of single-factor experiments with simulation models. The next
stage of practical work is planning and conducting a series of single-factor
experiments with the model at one or many levels in order to study the influence of
this factor on the results of the system. To implement this task, the
ExperimentManager component is provided, to which the own model is connected,
by implementing a specific interface for communication between the component and
the model.

As an example, an application is considered in which the ExperimentManager
works with the model, which was developed at the previous stage. Fig. 4 shows the
appearance of this application with an open panel for conducting experiments, which
is configured to study the influence of the system load factor on the performance of
the system.

The ExperimentManager component not only automates the conduct of a series
of experiments with the model, but also provides the ability to conduct variance and
regression analysis of the experiments results, as evidenced by Fig. 4.

Study of transient processes in queueing systems queues. At the final stage of
practical work, transient processes in the SMO are investigated. For this, the
TransprocessManager component is used. The average queue length is used as an
indicator that characterizes the state of the system in time. In order to identify
patterns that are characteristic of the transient process, the component uses a factory
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to create many instances of the model that operate in a single time space. During the
operation of these models, the component averages the queue length in time at
accumulation intervals and across all implementations. Fig. 5 shows the results of
using the TransprocessManager component to analyze the transient process in the
queue of a simple queuing system.

| [£] study of simple Q-system by simulation modeling = [} X
Q-system parameters [ Test [ stat [ Regres
Interval between request: The results of the g function
| Exponential(m=1.0) T 4.00 y=al*x"2/(1-x) |v| |
al = 1,00 =

Request processing timi
Exponential(m=0.8)

Queue max size

‘ 999999999

Dispersions are heterogeneous
The experiment dispersion: 0,02
The factor influence is significan
The regression is adequate
Confidence interval 0,13

factor left avg right regr
0,40 0,26 0,28 0,30 0,27 -
0,60 0,79 0,86 0,93 0,90
0,80 3,01 322 343 321 -
[«] 1i [

Data testing

Load factor |
0.4 0608 |

Modeling time
\ 5000

s

[ 1.00

Selection of experiment results

Redraw results

[~] I

Repeat at |... 5 ‘ Start |

‘ Average queue size

Cin

Fig. 4. Results of a series of experiments with a simple QS model and regression analysis of
these results
Source: Developed by the authors

I |£] Study of simple Q-system by simulation modeling — m] X
Q-system parameters [ Test [ Sstat [ Regres [ Transient |
’7 Interval between request: Monitor parameters Request queue, w = 0,70

Exponential(m=10.0) Averaging interval
s 2.00/||oyel=1 b5 [tali=80,58, de|ayt0,00
Request processing tim e Qo
. el
E Exponential(m=7.0) Number of intervals _6/“.-0“'0'
o |
20 B
Queue max size L&
‘ 999999599 Number of models
1000
Modeling time 0 /6/
‘ 300.0 start o1 300
Monitoring object selection
Regresion functio... ‘
R t queue, w=0,70 ‘Vl
| |(cayieverr(1-er(-xtau)
(gr)level*(1- er(-titau))
(CdGr)level(1-e*(-(t-delg

Fig. 5. Results of the transition process study in a simple queueing system
Source: Developed by the authors

Methodological support. While solving practical problems, researchers can use
methodological guidelines for developing a simulation model [11] and a study guide
on developing simulation models in the Java programming language [12].
Development examples are provided in a software package containing an open-
source implementation of the cases discussed. The software package is provided as
a .zip file that can be imported into the Eclipse IDE for code examination. Access to
the application is provided via GitLab at the link [13].
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Conclusion. The proposed organization of the "Systems Modeling" course
successfully integrates simulation modeling with advanced OOP principles. The practical
implementation of this approach is centered around the Simulation framework, which was
developed to bridge the gap between theoretical models and software engineering.

The effectiveness of the framework is demonstrated through its application in
students’ training projects. Key outcomes of this integration include:

— Deepened OOP Understanding: Students gain practical mastery of core OOP
concepts. The framework explicitly showcases polymorphism through class
inheritance (e.g., in random number generators) and interfaces (e.g., connecting
universal experiment components). The Actor class serves as a practical example of
implementing polymorphism via abstract classes.

— Practical Mastery of Design Patterns: Students actively use patterns such as
Observer and the Factory design pattern for the dynamic creation and management
of models during experiments. — Versatility and Scalability: The framework has
proven its versatility across 35 diverse assignment types in fields such as logistics,
computer networks, banking, retail, and military science. These models effectively
manage between 1 and 5 interacting queues.

— Advanced Features & Collaborative Development: The approach extends to
complex topics like real parallelism using thread pools and synchronization
mechanisms for multi-level experiments. The open-source nature on GitLab [nus.
cnmcok Jritepatypu| fosters student contribution to the modernization of the core code.

We invite readers and the academic community to cooperate in the further
improvement of this framework.

REFERENCES

1. Law, A. M. (2014). Simulation modeling and analysis. McGraw-Hill Higher Education.
2. Gross, D., Harris, C. M., Shortle, J. F., & Thompson, J. M. (2018). Fundamentals of
queueing theory (5th ed.). Wiley Series in Probability and Statistics. John Wiley & Sons.

3. Basic queueing theory. (n.d.). yzr95924.github.io.

4. User’s guide Mathcad® 15.0 M010. (2011). Imal.zut.edu.pl.

5. Dabney, J. B., & Harman, T. L. (2004). Mastering Simulink. Prentice Hall.

6. Schriber, T. J. (1991). 4n introduction to simulation using GPSS/H (2nd ed.). Wiley.

7. Simio. (n.d.). Digital twin simulation software. www.simio.com.

8. Dahl, O. J., & Nygaard, K. (1967). SIMULA - A language for programming and
description of discrete event systems. Introduction and user's manual. NCC.

9. Pooley, R. (2018). An introduction to programming in Simula. portablesimula.github.io
10. SimulationFramework. (Version 23) [Software]. (2023). GitLab. gitlab.com.

11. System modeling: Methodological guidelines for performing calculation and graphic
work for higher education students in the educational program "Computer Engineering”.
(2024). [Modeliuvannia system: Metodychni vkazivky do vykonannia rozrakhunkovo-
hrafichnoi roboty dlia zdobuvachiv vyshchoi osvity osvitnoi prohramy "Kompiuterna
inzheneriia"]. Chernihiv National University of Technology. ir.stu.cn.ua.

12. Byvoino, P. H., Byvoino, T. P., & Pavlovskyi, V. 1. (2025). Development of simulation
models in the Java programming language: A study guide for higher education students in
"Computer Engineering" [Rozrobka imitatsiinykh modelei na movi prohramuvannia Java:
Navch. posib. dlia zdobuvachiv vyshch. osvity spets. 123 "Kompiuterna inzheneriia"].
Chernihiv National University "Chernihiv Polytechnic". ir.stu.cn.ua.

13. SimulationAllLab. [Software]. (2024). GitLab. gitlab.com.

The article was received 09.01.2026, received after revision 02.03.2026, accepted 17.03.26

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BuIl. 1 (57), 2026



~ 234 ~

T. buBoiino, /1. JIucenxo, I1. buBoiino, H. Cokopuncbka
HNOEAHAHHS OB'€EKTHO-OPIEHTOBAHOI'O IPOTPAMYBAHHS TA
MOJEJIIOBAHHS B OCBITI

AHoTanis. Y cTaTTi po3TISHYTO IHTETPALiO iMITAallifHOTO MOJIEIOBAHHS Ta 00’ €KTHO-
opierToBanoro nporpamysasHs (OOII) B IT-ocBiTi. ABTOpH CTBEpAKYIOTh, III0 KOMEPILiHHI
IHCTPYMEHTH i3 3aKpUTHM BUXiTHIM KogoM (Simulink, GPSS, Simio) oOMexyoTs ocBiTHii
TIpoIiec, MPUXOBYIOYN BHYTPIIIHIO apXiTeKTypy cHCTeMH. SIK pillleHHs mpeacTaBieHo Java-
¢perimBopk «Simulationy 3 BIIKpUTHM BHXITHHM KOJOM, po3poOnenuil y HamioHamsHOMY
yHiBepcuTeTi «YepHiriBchbka IMOJIITEXHIKa.

@peiiMBOopk  0azyeTbcs Ha  JUCKPETHO-TIONIEBOMY MOJENIOBAaHHI Ta KOHIEMIT
«aKTHBHOTO 00’ekTa». OCHOBHUM €JIEMEHTOM € aOCTpaKkTHHH Kiac Actor, sSIKMH BU3HA4ae
NoBeiHKY 00’ekTa uyepe3 Meron rule(). YrpaBiiHHS MOJEIBHUM 4acOM Ta CHHXPOHi3alis
npoueciB 37iiicHIOIOTEC kiacoMm Dispatcher, sikuif BHKOpHUCTOBYE CHCTEMY 4Yepr JUis
00pOoOKH MmOIiHi Ta IePEeBiPKH JOTIIHMX YMOB 32 JOITOMOTOIO JIIMO1a-pyHKITii.

HaBuaneHa nporpama po3JijieHa Ha €TanH: BUBYCHHS I€HEPATOPIB BUIIAJAKOBHUX YHCEI
(piBHOMIipHHI, HOpMaEHUH, Epianra), cratrcTiaHa 00po0Kka MaHuX Ta ToOyIoBa Moaeen
cucreM MacoBoro obOcmyroByBanHa (CMO). [lnsg amamizy pe3ysbTaTiB MOICTIOBAHHS
CTyICHTH BHKOPHCTOBYIOTh Taki KOMIIOHEHTH, sK ExperimentManager  mus
aBTOMATH30BaHOTO (akTopHOro aHamizy Ta TransprocessManager Il BHBYCHHS
nepexigHux npoueciB. OcoOnuBa yBara NpUIISETbCS 00’ €KTHO-OPIEHTOBAHOMY aHAJI3y
peaJbHUX CHCTEM, HAIPHUKJIIA, JOTICTHLI BUAOOYTKY IPYHTY.

JocnikeHHsT IEMOHCTPY€E, IO BIAKPUTHH BUXiTHUN KoJ (pelmMBOpky «Simulation»
JIO3BOJISIE CTYACHTaM JOCHIIKYBaTH BHYTPIIIHIO peali3allil0 CKIaJHOTO IMPOrPaMHOTO
3a0e3neueHHs, MATEPHU MPOEKTYBAHHS Ta MEXaHI3MHU MCceBIonapaienizmMy. Takuil miaxin
3abe3nedye Oe3MepepBHICTh HABYAaHHS IPOrPaMyBaHHIO Ta CIPHsIE€ PO3BUTKY npodeciiiHux
IT-komnerentiii. [Ipoekt posmimeno Ha GitLab.

KuarouoBi cioBa: imitariiiHe MonaenroBaHHs, 00’ €KTHO-OPIEHTOBAaHE IPOTPaMyBaHHS,
Java-(peiiMBOpK, CHCTEMH MacOBOTO O0OCIIyrOBYBaHHS, TUCKPETHO-TIOAI€BE MOACITIOBaHHS,
akTuBHI 00’ extH, IT-0cBiTa.

Cmamms nadivuna 0o pedakyii 09.01.2026, naoitiuna nicia peyenszysanns 02.03.2026,
nputinama 17.03.26
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10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarTepiaiiB, IO HATPABISFOTHCS O PEOaKIlil, MOBHHEH BinnoBigaTtu mpodimio ta
HAYKOBO-TEXHIYHOMY DiBHIO 30ipHHUKA.

Ko’xHa HaykoBa CTAaTTs MOBMHHA MaTy BCTYII, PO3/1JIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX AHOTAIIO 1 KIIFOYOBI CoBa (HE MCHIIE I1’ATH) IBOMa MOBaMH (YKpalHCHKOIO Ta
AHITIHCHKOIO).

[ligroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY peaakTopi MS WORD for WINDOWS,
3 BukopuctanHsM mpudty Times New Roman, Cyr, xerns 11, omuHapHuil iHTepBa,
moJisiMu 2,0 CM 3 KOKHOTO OOKY, 3aJaHUM PO3MIpOM CTOPiHOK 17X26 cMm.

VYeci popmymu marote 6yt Habpani B pegakTopi MathType.

Imroctparii moBuHHI 00OB'I3KOBO HYMEPYBATHCS, MAaTH KHIDKKOBY OpI€HTAIliI0 i He
MOXYTh INEPEBHIIYBaTH 3a PO3MIPOM 3aJaHy CTOpiHKY (mapamerpu cTopiHku 17x26 cm
3 mossive 2,0 cm). Ilepernik miTepaTypHHUX JKEepeln MEepeKIafaeThCsl aHIIIHCEKOI0 MOBOIO
(abo TpaHCHITEpYETHCS B pOMaHCHKOMY al(haBiTi) 1 OJA€THCS BIAIIOBIAHO 10 MXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3arajbHIM CIIUCKOM Yy KiHII CTAaTTi 32 4YeProko MIOCHIaHb y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBIAKA MPO aBTOPIB, [I¢ BKA3yHOTHCS Mpi3-
BHILE, TOBHE iM’s Ta 110 0ATHKOBI aBTOPIB, HAYKOBHH CTYIiHb, BU€HE 3BaHHS, 110C3a/1a, HA3Ba
migpo3ainy (kadeapu) Ta oprasizaiii, 0COOMCTI JaHi KOXKHOTO 3 aBTOpPiB (ampeca, MICTo,
KpaiHa, KoHTakTHUi Tenedown, e-mail), ORCID ID.

OO00B'I3KOBO CITiJ] HAJJATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTtaBiaeHi B peNakililo PYyKONHCH TPOXOJATH peTelbHE OaraToslaHKOBE
pelcH3YBaHHS BIiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 332 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT craTTi Ta SAKICTh HamucaHHS abo mepekiany (YKpaiHChKO abo aHTIIHCHEKOIO
MOBaMH) HEperIIsIAl0OThCsl KOpeKTopaMy 30ipHHKA, IPOTE BiJIOBIANBHICTE 32 3MICT Ta
AKICTP CTAaTTI HECyTh aBTOpH Marepiamy. Jlo craTri MOXyTh OyTH BHECEHI 3MiHH
pelaxiiiHoro xapakrepy 6e3 3rojiu aBTopa.

Posnin 306ipHuka, m0 skoro Oyae BiJHECEHAa CTaTTsI, BHU3HAYAETHCS PEAAKINIETO,
Y3rOJIKY€EThCS. — TOJIOBHUM pPEAaKTOpoM abo Horo 3acTynHukoM. OCTaToO4YHHiI BUCHOBOK
10710 My OJTiKaIlii MaTepiaiB CXBAIIOE pelakiliiiHa Koeris 30ipHuKa.

EnextponHna Bepcis 30ipHUKa, mpaBmia 0GOPMIICHHS] Ta BUMOTH JI0 CTaTed MICTITHCS
B IHTEepHeTI Ha caiiti http://www.es-journal.in.ua, sIKMif CHCTEMaTHYHO OHOBIIFOETHCH.

30ipHUK HayKOBHMX Npallb TakoX NpeJcTaBiIeHHi Ha caiiti HamionaneHOI GibmioTekn
VYkpainu im. B.I. Bepraxacekoro, Ha caifti [HCTHTYTY TenexomyHikamid i1 rio6aibHOTO
iHpopmaniitHoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JISUTEHICTBY» Ta Ha caiiTi 010mioTekn KUIBChKOTO HAIIOHATBHOTO YHIBEPCUTETY OYIiBHHIITBA
i apxitextypu http://library.knuba.edu.ua/node/883.
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