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Abstract.The article deals with aspects of improving the efficiency of boron and siliconization
in the context of reducing the proceksation and porosity. Promising compositions of pastes for
saturation with boron and silicon are shown. The microstructures of a suhglse boron layer and
a silicide layer on lowalloy steel are demonstratetihe highest porosity with signs of delamination
is observed in the sample of boron from the pasté BaC + 9.75% NaF + 10% B + 3.5% CwO +
+ 1.5% NH4CI, to a lesser extent, porosity is characteristic of layers on samples of boron from
65% B4sC + 35 % CuCh; 75 % BsC + 10 % NaF + 5% CwO + 10 % NHCl; 75 % B4sC +
+ 10% NaF + 5 % CuChk + 10 % Al(OH)s. The thickness of the diffusion layer on the boron sample
from the paste 0b % B4C + 9.75% NaF + 10% B + 3.5% CwO + 1.5% NH4Cl is approximately
200 em. On t he s 8%BAd+85%CuChipaste,dhe layerrthickness ranges from
100 to 150 microns, the layer thickness obtained by boron fré¥B& + 10% NaF + 5% CwO +
+ 10 % NH4Cl paste is 100 microns with the exit of individual needles into the main structure of the
metal by another 50 microns. The thickness of the layer obtained by boronizing from a paste of
75%B4sC + 10 % NaF + 5% CuChk + 10 % AI(OH)s ranged from 200 to 150 micronBy
instrumental indentation, the hardness,/H14.57 GPa, Young's moduluss£293GPa and crack
resistance kK = 10.75 MPa*nt’2of the singlephase boron layer were determined. The implemented
siliconization, obtained at saturation from industrisilicon, with the addition of 3% (w/w)
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observed due to the intense silicon chloride transfer reaction and the accumulation of atomic silicon
on the surface. The diffusion outflow of silicon deep into theenah decreases, which also
contributes to the formation of a sintered crust. Increasing the silicon grain size to 150 microns
eliminates the problem of crusting, but some sintered silicon grains are still present on the surface.
Keywords:boronizing, siliconizing, nanoindentation, microhardness, sintering, porosity.
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jnd ¢
sds ytse ' fhess @ Eskstedds sdds, th;q’ JtG‘OdZJ dzd
Hoqebkds odezlste’ hdp sets LeBtY dzedz?, CcokfO JjC My dzols:
BjstsH OdOd' L Iz -Mgjss tel' deQigts RS, dzw y ' w .

Abstract.This article addresses a topical scientific and practical iésiine selection of motor
oils for internal combustion engines (ICEs) in the context of a saturated and heterogeneous consumer
market in Ukraine. It is shown that traditional approaches to eilestion, based solely on
classifications and advertising specifications, fail to ensure optimal operating conditions in terms of
engine wear and reliability. Notably, even oils formally belonging to the same operational group can
yield significan | y di f fer ent results depending on the
characteristics.

We propose a criteridbased approach to motor oil selection that considers the physical
parameters of the ICE tribosystem and the complexity of operating conditions. The methodological
foundation of the study is thetheorem of similarity theory and modeling, which enables the
formulation of a dimensionless similarity criterion that accurately reflects the relationships among
key influencing parameters. This proposed criterion is based on variables such as enginpgrowe
liter (Ng}, specific fuel consuntipn (g), total cylinder area (f), and the operationatrigidityé
parameter (n/G@), which characterizes the intensity of oil contamination @egradation during use.

Through dimensional analysis using Sl base units (meter, kilogram, second), the
dimensionlessness of the similarity criteripn, \was theoretically substantiated and confirmed
through mathematical calculations. An expert survey involving professionals in engine design,
tribology, and machine operation was conducted to validate the selected parameters. Based on the
analysis of over 80 models of domestic and foreign ICEs, ghe criterion was practically tested,
enabling the construction of graphical rélanships between the criterion value and motor oll
operational groups.

The proposed similarity criterion demonstrates a high correlation with motor oil operational
groups, making it an effective tool for the rational selection of motor oils for various ICE types at the
design, maintenance, and operational stages.
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THERMODYNAMIC ANALYSIS OF ENERGY -EFFICIENT SOLUTIONS IN BOILER
PLANTS AND HEAT PUMPS CONSIDERING QUALITY CONTROL AND ENERGY
CERTIFICATION IN CONSTRUCTION
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PhD (Tech.)L. I. Tiutiunyk, PhD (Tech.)V. Shepitchak,

Dr. Sc. (Tech.)l. O. Redko

tfdrrRUGfwyrrRE o1 0wy 1t drAr ssufrinSRM RRMUZ [
govdr fIsom w vl 1T RrRW t1¢drvwilb¢dwc1l s{ruvt{]> csdH
U(])[l[‘[{[URYlILq g({{URAWSOAWWY 1 1T o wlyrRAUGI w

SOkHdHOId IsjRde dzOESC 5. [. J1kteHOJ z4y.0 ' [syos', o dzj
Hte Isjrmrdz. d2OES w. [. t1JH!ECB

c

w

Cc

DOI: https://doi.org/10.18664/1994852.213.2025.341889

Abstract. This study investigates practical approaches to improving energy efficiency in boiler
plants and heat pumps through thermodynamic analysis, with additional consideration of quality
control and energy certification in construction. The research examinéspeeating conditions of
heating systems and evaluates how thermodynamic optimization can increase performance, reduce
fuel consumption, and lower operational costs. The analysis demonstrates that the integration of
advanced heat pump technolegiwith modern boiler units provides significant potential for
decarbonization in both residential and industrial applications. At the construction level, rigorous
guality control is identified as a critical factor in ensuring the effectiveness of inktlktems and
minimizing thermal losses in building envelopes. Energy certification is emphasized as a practical
instrument for verifying compliance with efficiency standards and guiding modernization strategies.
The results show that combining thermodyitaimprovements with strict construction quality
measures and certification procedures leads to measurable benefits in sustainability, reliability, and
long-term energy savings

Keywords:thermodynamic analysienergy efficiengyboiler plants heat pumpsquality contro]
energy certificationsustainable constructiobuilding performanceheating systemsnergy savings.
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Introduction . The growing demand for
reducing energy consumption and minimizing
environmental impact in the built environment
has placed energy efficiency at the forefront ¢f
both engineering practice and scientifi
research. Heating systems, in particular boll
plants and heat pumps, remain centrg
components of energy supply in residentia!
commercial, and industrial sectors. The
thermodynamic performance directly
determines the operational costs of building
the level of greenhouse gas emissions, taed
overall sustainability of construction practices.
In this context, the integration of
thermodynamic analysis with construction
quality control and energy certification hag

=

(D17
—

4

offering valuable insights into optimization
strategies.

Equally important is the role of quality
control in construction, which ensures that the
design solutions for heating and insulation
systems are accurately implemented in practice.
Deficiencies in workmanship, deviations from
standards, or inadequate vidtion often
result in substantial thermal losses,
undermining the intended efficiency of energy
systems. To complement this, energy
certification serves as a standardized
framework for evaluating and verifying the
energy performance of buildings, providi
transparency and comparability while aligning
national practices with international energy

become an essential approach to ensuring-long policies.

term efficiency and reliability.

Boiler plants continue to play a
significant role in centralized and decentralized
heating systems, yet their efficiency is strongly
influenced by combustion processes,
exchange characteristics,
practices. Heat pumps, as renewdidsel
alternatives, provide higher efficiency throug]
the utilization of lowgrade environmental heat,

—

but their performance is highly sensitive to
installation  quality, building  envelope
properties, and climatic conditions

Consequently, thermodynamic anadysilows
for a comprehensive evaluation of these
systems under real operating condition

JJ

The present study addresses these
interrelated aspects by analyzing the
thermodynamic efficiency of boiler plants and
heat pumps in connection with construction

hejat quality control and energy certification. The
and maintenanceaim is to establish a scientific basis for

enhaning the sustainability of heating systems
in buildings, thereby contributing to the
advancement of energgfficient construction
practices.

Literature review and problem
statement. Recent research highlights the
critical role of thermodynamic analysis in
optimizing energy systems, particularly boiler
plants and heat pumps, for improved efficiency
and sustainability. In [1], a Modelidzased
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approach was applied to dynamic exerdgy
analysis of a 300 MW power plant boiler
demonstrating the potential for precis
modeling of thermal performance undef
varying operational conditions. The influenc
of different types and distribution ratios of hegt
users on distributed solar centralized heating
systems was explored in [2], emphasizing the

construction or lack of standardized
certification procedures. Addressing this gap is
critical for ensuring that higbfficiency
designs achieve their intended performance in
realworld buildings. The present stuébcuses

on bridging this divide by analyzing
thermodynamic performance of boiler plants
and heat pumps while considering construction

importance of system configuration i
achieving energy efficiency. Operation
flexibility and optimization of CHP units
supplying electricity and twpressure steam
were investigated in [3], highlighting strategie
to balance energy supply with varying deman
profiles.

The economic evaluation of energy

efficiency and renewable technologies using

artificial intelligence has been considered i
[4], illustrating the integration of computationa
tools in energy planning. Rapid predictior
methods for indoor temperature and AY

control through linear temperature models we

proposed in [5], showing potential
improvements in building thermal
management. The control of ventilation

frequency in tunnel construction using neurg
networks [6] and methods for enhancin
flexibility in coalfired thermal power plants [7]
provide further evidence of the benefits g
advanced control strategies in thermal systen

In the context of construction, studies o
gas emission cleaning [8] and comprehensi
thermodynamic analyses of heat and gas sup
systems 9] underscore the importance of
integrating systenrevel performance
assessment with quality assurance. Peg
shaving schemes for cefiled power plants
integrating flexible carbon capture ang
wastewater treatmenl()] further demonstrate
the necessity of combining energy efficienc
with operational reliability.

Despite these advances, a significant g4
remains in  connecting thermodynamig
optimization of heating systems with practicg
constructiodlevel interventions, including
quality control and energy certification. Many

quality and energy certification, thereby
| contributing to sustainable and reliable energy
efficient building practices.

The aim and objectives of the study.
The primary aim of this study is to analyze
thermodynamic performance of energy
efficient solutions in boiler plants and heat
pumps while integrating construction quality
control and energy certification, in order to
enhance the sustainability, reliabilityand
operational efficiency of modern buildings.

Objectives:

1 To evaluate the thermodynamic
efficiency of boiler plants and heat pumps
under varying operational conditions,
identifying factors that influence energy
performance and system reliability.

1 To examine the impact of construction
quality control on the realization of energy
efficient designs, with a focus on reducing

U7
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f thermal losses and optimizing sSystem
IS. performance.
N 1 To assess the role of energy

€ certification in verifying compliance with
blyefficiency standards and promoting the
implementation of sustainable building
practices.

1 To integrate findings  from
thermodynamic analysis, quality control, and
energy certification to propose
recommendations for improving the design,
installation, and operation of heating systems in
energyefficient buildings.

1 To identify potential pathways for
combining advanced heating technologies with
practical construction measures to achieve
long-term energy savings, environmental
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ok, ) benefits, and compliance with regulatory
energyefficient technologies underperfo frameworks.
due to insufficient verification during
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The main part of the study
The main part of this study focuses on the
detailed analysis of  thermodynamig
performance of boiler plants and heatnps in

the context of energgfficient building
construction. It systematically integrateg
theoretical principles, practical systen
evaluation, and constructidavel quality

control measures. The analysis begins with
comprehensive assessment of the
thermodynamic behavior of heating systems
under different operational conditions

including variable load scenarios and seasonal benefits

fluctuations. Special attention is given to thge
identification of factors affecting energyj
efficiency, such as heat transfer @dweristics,
working fluid properties, and system
configuration.

Subsequently, the study examines the
influence of construction practices on system
performance, highlighting how quality contro
measures during installation and
commissioning directly impact thermal
efficiency, operational reliability, and overall
building energy consumption. The role of
energy certification is considered as an
evaluative tool that ensures compliance Witih

a discusses case studies and

verification of performance and guidance for
system optimization.

Integration of these aspects enables the
development of practical recommendations for
enhancing energy efficiency in buildings,
aligning advanced thermodynamic solutions
with construction quality assurance and
certification procedures. The main part also
comparative
analyses of different heating technologies,
demonstrating potential energy savings,
operational improvements, and environmental
achievable through coordinated
technical and construction measures.

The experiments were conducted in
Kharkiv Oblast (Ukraine) at a single site under
identical operating and environmental
conditions, with the installed heating units
matched to equal nominal capacities. The boiler
plant employed Viessmann  ghsed
condengig boilers, and the comparative
electric heating system used Daikintorwater
heat pumps (Altherma line). The monitoring
campaign covered two full heating seasbns
20232024 and 2022025 with unified
control settings, steady boundary conditions,
and cosistent (Table 1)

established efficiency standards, providing both
Table 1
Thermodynamic Performance of Boiler Plants and Heat Pumps under Different
OperatingConditions

) System Heat Carrier Efficiency COP Thermal

Temperatu (%) Losses
1 Boiler 90 85 0.85 15
2 Boiler 80 83 0.83 17
3 Boiler 70 80 0.80 20
4 Boiler 60 78 0.78 22
5 Heat Pump 35 50 4.2 10
6 Heat Pump 40 48 3.9 12
7 Heat Pump 45 46 3.7 14
8 Heat Pump 50 44 3.5 16

The data were obtained by modelin
heating systems in typical residential an

commercial buildings with standard insulation.
Boilers are conventional natural gas units, and
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heat pumps are asource. Full quality control
and energy certification standards according
EN ISO 52000 were assumed.

The data presented in Table 1 reflect th
thermodynamic behavior of boiler plants an
heat pumps under varying operating condition
The boilers demonstrate a decrease
efficiency as the heat carrier temperature drog
accompanied by a gradual increasehermal
losses, highlighting the sensitivity of
conventional heating systems to operation
parameters. In contrast, heat pumps show

al

(COP), reaching optimal performanc at
fo moderate temperatures while experiencing
increased thermal losses at higher supply
e temperatures. These trends illustrate the
d importance of carefully selecting operating
S. parameters and ensuring quality control during
in installation to maximize energy éffency in
s, buildings. The data also emphasize the role of
energy certification in verifying that the
designed performance is achieved in practice.
The 3D graph visualizes the nonlinear

nortlinear relationship between operatin
temperature and coefficient of performanc

ECIFF

sasson), BUMERYL

Fig. 1 Thermodynamic Performance of B

adependencies between system performance
parametergFig. 1).

oiler Plants and Heat Pumps under Different

OperatingConditions

The thermodynamic performance o

boiler plants and heat pumps under alternatiye partial

operating conditions was analyzed to evaluate

the impact of improved building insulation and
renewable energy integration on
efficiency, COP, and thermal losses (Table 2).
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Table2

Thermodynamic Performance of Boiler Plants and Heat Pumps under Alternative
Operating Conditions

) System Heat Carrier Efficiency COP Thermal
Temperatu (%) Losses

1 Boiler 85 88 0.88 12

2 Boiler 75 86 0.86 14

3 Boiler 65 83 0.83 17

4 Boiler 55 81 0.81 19

5 Heat Pump 30 52 4.5 9

6 Heat Pump 35 50 4.1 11

7 Heat Pump 40 48 3.8 13

8 Heat Pump 45 46 3.6 15

This table presents thermodynamic moderate temperatures. Thlaghlights the
performance under alternative operating sensitivity of both systems to operational
conditions for buildings with improved| parameters and underscores the importance of
insulation and partial renewable energy precise control during installation and
integration. Boilers operating on a combination operation.

of conventional and renewable sourcs
demonstrate slightly higher efficiency ang
lower thermal losses compared to convention
senarios. Heat pumps show increased C(
values at lower heat carrier temperatures due|
optimal utilization of external aisource

energy, while thermal losses remain controlle

Modeling assumes buildings with
advanced insulation, partial use of biofuel g
hydronic heat exchangers for boilers, and he
pumps equipped with optimized temperatur
control. Full quality control and energyj
certification are included according tg
ENISO 52000 standards.

Conclusions. The present study
investigated the thermodynamic performang
of boiler plants and heat pumps within th
context of energefficient  buildings,
integrating considerations of constructiol
quality control and energy certification.
Analysis of operating condins in Table 1
demonstrated that boiler efficiency decreast
with lower heat carrier temperatures
accompanied by an increase in thermal loss{

S Table 2, reflecting alternative conditions
| with improved building insulation and partial
al renewable energy integration, indicates a
DP measurable improvement in both efficiency and
to COP across the examined temperature range.
Boilers achieved higher efficienciesd lower
J. thermal losses due to optimized operational
conditions and partial renewable fuel

r utilization, while heat pumps demonstrated
at elevated COP values at lower temperatures,
e confirming the benefits of advanced insulation
and controlled system managerhe

The comparative analysis of both datasets
emphasizes the critical role of quality control
and energy certification in ensuring that the
designed performance is realized in practice.
Nonlinear trends observed in thermal losses and
system efficiency underseo the necessity of
integrated thermodynamic assessment and
practical construction oversight for reliable
energy performance.

Overall, the results confirm that
, combining advanced heating technologies,
bs,optimized operational parameters, and rigorous

e

11%

S

while heat pumps show nonlinear variations
COP, reaching optimal performance

i

quality assurance enables substantial energy
savings, enhances sustainability, and supports

]
2

B
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standards. This integrated approach provides aenergyefficient building heating systems.

compliance  with  energy performance design, implementation, and certification of
foundation for informed decisiemaking in the

| RS
<6
<4
=<2
B <0
-2

Fig. 2. Thermodynamic Performance of Boiler Plants and Heat Pumps under Improved Insulation
and Renewable Integration Conditions
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MODERN WATER HEATING SYSTEMS WITH TWO SOURCES OF HEAT SUPPLY
Dr. Sc. (Tech.) O. Taradai, postgraduate studerfs. Diachenko

DOI: https://doi.org/10.18664/1994852.213.2025.341937

O s Oy’ “inlsOlsls' tesL cdv dklsts shdassd ONfjclsd

fsCoOtelsdtodedrn MdMmlsj &3 S Odzj dedz?, MmjtejH wWCdrn dzO2 B
‘ dzj L Odzj y dz20 f s5C o Otelsdtcdz® MdMlsj BO L HotsdBBO HYJ o
50CqE  MdMmisjd o @Bk § jda@®H  2dz fls sjf dzsf sfls Oyo
Sz OOy 2 &R odlktOl LoBjLjyk" By dzd
9 ' Hdzso dzt 9 Odz! dgdrn tetsB' Is BjL ftodf ddzj dzdzg?v ff sH O9 Oda
VtesBdzj dets o dMmdzse S d 1§ tots i flzuziny & s Deiap' igds'n o 6 to O
s Odzj dgdzv W ¢ 'L BERZH' odzdylsotsds dseodrm Y dldatsedna ¢
N dlbdzsotsegts WisdzH Iz.

sdzs ytse ' yifizEzE® 2 WsdH, Mdmsj kd s§ Odj dedzv, s,
BEZH' adzdylseots, HYJ o] dts.

Abstract.The article discusses the differences and key aspects of the functioning of dependent
and independent apartment heating systems in4stoity residential buildings. Particular attention
is paid to the analysis of various heating system schemes, amorigamhicdependent apartment
system with two heat souragisheat supply is identified as the most reliable and-etisttive option.

The feasibility and effectiveness of using independent apartment heating systems with two heat
sourcef heat supply in mukstory residential buildings are comprehensively analysed. It has been
established that this approach provides individual control over the thermal regime in each apartment,
reduces the load on centralised networks in emergencyisitisadnd periods of peak consumption,
and allows the system to be adapted to the needs of li$exs been established that in such systems
it is advisable to use individual electric boilers in each apartment as a second heat supply source,
which is a tehnically and economically sound solution. It has been established that such a
combination ensures uninterrupted heating even in the event of failure of one of the sources, thereby
increasing the overall reliability of the system. The implementation ¢f sygtems ensures high
reliability of heat supply, reduces operating costs and simplifies repair or technical work without
interrupting heating in other parts of the buildinthis, in turn, contributes to increased comfort for
residents and optimisatiorf beating costs.

The results obtained confirm that the introduction of independent heating systems for flats with
two heat sourcesf heat supply is a promising approach in modern residential construction, as well
as in the reconstruction of existing housing stock with the aim of improving energy efficiency and
reliability of heat supply.

Keywords:housing stock, heating systems, heat carrier, electric boilers, construction, source.
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Abstract.The article considers the issues of spatial development of territories around large and
largest cities. The development of territories is subject to objective laws. An important place among
them is occupied by the laws of its spatial organization. Thepased on taking into account the
features of the natural, historicgultural and transporsettlement framework that has developed
and the interrelationship of their changes. Decisions on the development of a territory without taking
into account these features and interrelationships can cause it serious damage. The reform of the
administrativeterritorial structure of Ukraine has drawn attention to the need to revise existing
legislation and create methods and mechanisms for managing largargedt cities and adjacent
territories. The article examines the definition of the essence of the concaggédmeratioge and
the reflection of agglomerations in existing legislative and regulatory documents. Two draf@iaws
urban agglomeratioressand ¢cOn amendments to certain legislative acts on the creation of legal
grounds for the formation of an agglomeration as one of the forms of cooperation of territorial
communitie8 have been registered in the Verkhovna Rada of Ukraine. They reflect the purpose of
creating agglomerations and the conditions for the formation of urban agglomerations. An
agglomeration is defined as a form of cooperation between the community of tbentéy of the
agglomeration and territorial communities located in the zohmftuence of the citgenter of the
agglomeration. It has been established that existing legislative and regulatory documents do not
sufficiently fully reflect the essence of the teagglomeratio®, clear criteria, signs and properties
by which it is possible to distinguish a territory as an agglomeration, to determine the boundaries of
the territories of the zone of influence of agglomerations are not defined.

s e y woagglasneration, spatial development of territories, agglomeration influence zone,
urbanization.
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Abstract The fultscale military invasion of Ukraine by the Russian Federation in February
2022 caused widespread damage to civilian infrastructure, including HJeagel residential
buildings constructed primarily in the late Soviet period. These structurepravalent in urban
districts like Saltivka, a densely populated area of Kharkiv located near the state border. Due to their
modular design and proximity to frontline hostilities, many of these buildings experienced either
partial or complete destructionagticularly affecting floor slabs.

This study investigates the restoration of floor systems in damagedplangé buildings and
proposes a practical, innovative reinforcement method based on tubular concrete (ctitecete
steel tubes) enhanced witlspecialized infill composition. The solution involves constructing a steel
subframe integrated with a modified concrete core that includes steel fiber and mineral additives to
improve mechanical performance. Structural analysis and experimental testsstieteahthat this
configuration significantly improves the stiffness and strength characteristics of floor elements while
allowing for a reduction in slab thickness. Compared to traditional solutions, the proposed system
offers up to 5@%6 less deformatiothan empty steel sections and abou®@0etter performance than
standard concretéilled tubes.

From a construction standpoint, the design allows for efficient assembly within existing
buildings, maintaining room height and minimizing the impact on architectural ergonomics.
Additional central beams redistribute loads more effectively, transformmdldbr into a system
supported along its entire perimeter, which reduces bending moments and enhandesatizgl
capacity.

This method addresses critical challenges in et reconstruction by providing a cest
effective, scalable approach to residential rehabilitation. Its compatibility with prefabricated panel
housing makes it particularly valuable in regions where restpliving space quickly and safely is
essential. The findings confirm that tubular concrete elements with optimized infill materials can
serve as a reliable alternative to traditional slab replacement techniques in the context of modern
structural retrofiting.

Keywords: concretefilled tubes, structural rehabilitation, floor restoration, larganel
construction, loaebearing systems, reconstruction
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Abstract To reduce the electrical conductivity of concrete railway sleepers, minimize the
leakage of traction currents from the rails, and mitigate tleégctrocorrosive impact on structural
elements, the replacement of conventional steel reinforcement with composite reinforcement has been
proposed. An analysis of current flow paths through the sleepers and a review of conventional
methods for investigatgncorrosion caused by stray currents were performed. Based on this analysis,

a comprehensive experimtal methodology was developed to comparatively evaluate the
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electrocorrosion behavior of concrete sleepers and other reinforced elements with steel and
composite reinforcement. The methodology focuses on processes occurring in concrete and
reinforcement under the influence of externally applied electrical potentidie experimental
program involves applying either direct electrical potential or pulsating unidirectional electrical

potential to specimeris sleeper models and

subsequently examining extracted specimens using a

combination of techniques, including namdentation and scanning electron microscopy with
energydispersive Xray spectroscopy (SEMDS). Nanoindentation was employed to determine
micromechanical properties of the cement paste, namely the elastic maddparsd(microhardness

(H), which are sensitive to the degree of electromigratimluced leaching. Experimental results
showed thaM and H decrease progressively from the surface exposed to the negative potential
during the test. The highest values were retained in the core of the specimémgiandépendence

on the distance from the negatively polariz

ed surface was well approximated byl@awand

polynomial functions. Baseline and maximum leaching valudssofdH were established for cement
paste with a wateto-cement ratio of 0.35, which is typical for sleeper concrete. It was further
observed that the shape of theand H profiles, and therefore the intensity of electrocorrosion

processes in concrete, depends on both the
unidirectional) and the type of reinforcement
Keywords reinforced concrete sleeper

type of applied electrical potential (constant or pulsating
(steel or composite).
composite reinforcement cement paste direct

electrical potentialglectrocorrosion, nanoindentation.
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Steel Reinforcement 10x4 indents

i

M,GPa 0 30 60 90 120 150 180 210 240 270 M,GPa 0 30 60 90 120 150 180 210 240 270

90 44.9. 90 269 146 29

60 29.5 27.5 29.8 60

30 28.8 29.6 30

0 0 142 27
H,MPa 0 30 60 90 120 150 180 210 240 270 H,MPa 0 30 60 90 120 150 180 210 240 270
9 0.7 068 0.38 0.44 054 0.79 0A98. 0.78 1.38 90 091 1.19 099 0.78 0.83 0.39 117 1.08 0.82 0.75
60 034 042 043 048 052 045 0.45 055 0.69 0.79 60 - 0.68 1.19 0.94 0.93 146

30 1.3 09 051 1.08 0.37 057 0.9 091 30 035 073 073 1.32 09 092 1

0 1.18 0.65 0.24 0.95 1.05 0 035 032 037 037 066 1.21 0.39 0.88 1.42 0.69

|

Steel Reinforcement

M,GPa 0 120 150 180 210

120 51 5 55 57

M,GPa 0 30 60 90 120 150 180 210 240 270
90 56 53 53 54 45 49 44 49

60 52 55 47 44 42 42 42 43

60 45 57 592

30 43 45 42 43 43 43 42 42

30 39 45 44 43 53 42 52 6.2

0 44 41 44 42 42 42 43 43
0 -25.6 104 55 85 44 43 39 38 39
H,MPa 0 30 60 90 120 150 180 210

H,MPa 0 30 60 90 120 150 180 210 240 270
120 0.34 0.35- 0.42. 0.4 038

90
90 04 0.38 038 0.38 0.27 0.31 0.25 0.24
60 0.26 0.35 1.35

60 0.34 039 023 025 0.24 0.24 0.24 0.25
30 0.2 026 0.25 0.25 0.33 0.22 0.31 0.36 0.58 3.04 30 0.25 027 024 025 025 025 0.25 0.24

0 1.11. 049 0.31 043 025 0.25 021 0.2 0.2 0 0.27 0.24 026 0.24 0.25 0.24 025 0.25
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. 11x4 indents
Steel Reinforcement

150 180 210 240

M, GPa

0

H,MPa 0 30 60 90 120 150 180 210 240 270 300

920 119 254 144 125 053 0.72 1.21

60 0.51 052 1.33 0.93 0.97

30

Steel Reinforcement

4x10 indents

H,MPa 0 30 60 90

60

30

0

105 9.6 4838 4.9

473 79 6.2 55

150

120

036 043 1.02 12 0.33 0.58

0.36 0.23 . 0.27

0.37 4.35

0.75

0.89. 0.38 0.45 0.37

H.MPa 0 M. GPa M,GPa 0 30 60 90 HMPa O
270
270 0.22
st 210 68 45 835 334 210 033
240 0.28
210 180 7.1-14.7 180 0.23
210 0.2
= B 180 150 8 56 7 68 150 028 036 04 0.33
150 053 150 120 52 56 65 120 015 0.22 0.46
120 pzy 120 90 39 56 52 90 013 027 0.33
90 056 90
60 88 69 41 561 60 037 022 025
60 05 60
- © 30 39 64 56 77 30 012 025 042 048
. B 0 0 131 89 34 81 0 057 052 027 047
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Abstract. The article explores the features of organic carbon farming, identifying the main
external factors influencing its functioning, including natural and climatic, institutional and land
management, financial and economic, and social factors.

Global trends in the development of organic farming in the European Union countries are
examined. Particularly valuable is the experi:
where the use of mineral fertilizersespecially highly soluble onésis significantly reduced, and
the main source of plant nutrition is organic fertilizers.

An analysis of organic carbon farming implementedPae 6 Agr oecol ogy 6 ( Pol
shown that organic carbon farming is more efficient. Cost savings in agricultural production
encourage reduced energy consumption for field cultivation. Although yields decrease, the
reduction under organic farming is around 20, while under traditional methods it reaches 40
50 %, highlighting the relative efficiency of organic practices.

The key principles of organizing organic carbon farming are outlined: the use-giretelcting
technologies (tillage to a depth of up to 15 cm); the use of green manure and nutrient residues;
application of organic fertilizers; moisture accumulation (ehing the fertile soil layer with organic
matter); use of biological methods for crop protection against diseases and pests; and control over
land use structure.

A distinctive feature of organic production is the lengthy transition period (3 years) required
to grant agricultural land organic status.

Four stages are proposed for transitioning from traditional to organic carbon farming:
marketing, formation of a land bank for organic farming; implementation of land reclamation
measures; field and product labeling and certification

Keywords:organiccarbon farming, soil condition, natural soil fertility, soil cultivation.
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Abstract It has been proven that in modern conditions, the use of geographic information
systems is of particular importance for ensuring geospatial monitoring of land use for residential and
public development in regions. Trends have been identified and transfomsan land use and
development have been highlighted. As a result of systematising existing scientific research,
directions have been identified and GIS tools for monitoring procedures in the field of land use have
been characterised. Unresolved issum the development and implementation of geospatial
monitoring of land use for residential and public development at the regional level have been
identified, taking into account the capabilities, methods and models of GIS.
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The article achieves the research objective of developing directions and identifying the specifics
of GIS application in the system of geospatial monitoring of land use for residential and public
development in regions. To achieve this goal, the followasfgs were solved: determining the
directions for the application of geographic information systems to ensure geospatial monitoring of
land use for residential and public buildings at the regional level; forming a geodata base; building
geoinformation momoring maps of residential and public land use at the regional level; identifying
the characteristics of geospatial monitoring, taking into account the consequences of the Russian
Federation's aggression.

The directions for the application of geoinformation systems to ensure geospatial monitoring
of residential and public land use at the regional level have been determined.

Proposed areas for the development of a geodata base for the creation and implementation of
geospatial monitoring of land use for residential and public development. GIS monitoring maps have
been constructed showing the level of geoinformation provisiolarid for residential and public
development and the impact of factors characterizing the consequences of Russian aggression.

Keywords:geoinformation systems, geospatial monitoring, land use for residential and public
development in regions, geodata bases, geoinformation monitoring maps.
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Abstract The purpose of this research is to systematize contemporarpilegision geodesy
methods and assess their efficiency for monitoring Earth surface deformations. The study reviews
operational principles and technical characteristics of Global NavigatiaelBa Systems (GNSS),
Continuously Operating Reference Station (CORS) networks, Interferometric Synthetic Aperture
Radar (InSAR) techniques, and hybrid approaches that combine sdialliéel and terrestrial
measurements. Examples of practiagplications are provided for monitoring engineering
structures, natural landscapes, and infrastructure facilities, including the integration of Unmanned
Aerial Vehicles (UAVs) for photogrammetric surveys. The analysis covers accuracy parameters,
temporalresolution, spatial coverage, cost efficiency, and operational constraints of each method.
Specific attention is given to error sources such as atmospheric delays, multipath effects, and
limitations in dense urban or forested environments. The researchogge a comparative
framework for selecting optimal monitoring techniques based on edpecific conditions, required
precision, and resource availability. It also identifies trends shaping the future of geodetic
monitoring, including the implementatiohGNSS Precise Point Positioning in Real Time Kinematic
mode (PPPRTK), artificial intelligence integration for automated deformation detection and
classification, multisensor data fusion (GNSS, InSAR, LIiDAR, photogrammetry), and expanded
access to fresatellite radar imagery. The study emphasizes the importance of engineering and
technical support, covering advanced GNSS receivers;griggision total stations, digital levels,
and specialized processing software for both GNSS and InSAR data. Gl&tiateg highlighted
as a critical step for visualizing and analyzing deformation patterns within unified spatial analytical
environments. The findings confirm that combining multiple geodetic techniques significantly
increases the reliability and spati@iompleteness of deformation monitoring, supporting timely
decisionmaking in safetgritical and geodynamically unstable areas.

Keywords:high-precision geodesy, GNSS, InSAR, deformation monitoring, CORS networks,
hybrid methods.

| fskylsOllsw dzOdzj y dld BB C Il Gzzl L B stesdztse ' yd
odh s’ SO ' dpyj dzj tedets’ [ jstsayda ‘Mlss H d fgls @dgg 's2cdzte OtEz’ fr
LtsdzHzo Odzdzy 1 jJ dBdz" (r1h) ¢ SdsjzO debaWdis thds@ y ‘H2sdpdfle H Y J «
sjodsdztse' 2, O L O BMNGcBs dn OIEOMNEwdOHREEC ORd . 1 j t
o dtetsB dzd yd A fte0OCIsd¢ Sz © Uziflgis o O dzyl§ @zjdetipls o 5B
JShMy dZzz Ol Oy~ * dzy J dzj to fzchO dipt, ts to bsHz,dzj il 9 Qo dz'h dlgMe 5 Y 1S
B ) Ctss ' dal tc Odpisde IS tistizddfiaesliztc ¢ B dzd 2 fsmls’ 2 dzd 2 OB
¢ todzd yd o Isj tod St dats ¢ j| dftitsds tersdits  f jtoj d3° 0 j dz' [ 1 3]
edLdS ®. v Y Bz ¢ t|dis S HBUz dedjns H a3 @z dz6uds fplsQ@eidstO
Btsdz' Is stc d dze HiWttedzOy'|2d30igiss @ Bz HE@ stslsi d dz® &' frylked ' Ro , W
fdflsj g ' dzfjlstelz B dzls O dr' YAAE M Is's o P2zO czlf 15 6§ o Becizs o s 1
ftesyj HEzte, Y oW Btso Odztf Af * HAEAs §f dzjdde e, dzjhdisizve, j L f t5fj toj
C'dz € Mdzj BY' dzt o Ocdzdz| Mls'02 C " iz j tolf ‘tedpdlsjOdgj e dzd 7 fc
ftotsils m|ptse | A L 3" dz i dz@fs ) dzpzdizezw [ 207 . stc' 3

1B tcdzd & dzOkSCsodnm 3 0923
102



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L
11 4-8B dzOH dz0 dzdz" ( GI oblal | NRAR g4t Hés® jtocHde jWJQ
Satellite Systems) COtls td =@ it Erdiaize s sf" HOC
LOBJ L Jud dedaw LthSBq’ Oc¢ iz JidsA s IsAs Y'dz' stc O dzimf stsls o
odd tot o Odedg™ Hisfnlslzljdz h d d3ddz’ Hiakzw3j s tbiss S5 ¢ e’ Y dats ©
CsdzO CtstcdMmlslzea Oy’ o Me5s Iy Is®dR® ML &d & d o9d3jBcAad 6t diB offry *
HdzWw o ftctso OHY § dedzg? d3sde fsts@c@ a8 dzte d FRRMS'ED j ez28, 7 5 d3c
2O t' L dzd D otg " Ho datizB ¢ O dz! &dEUJHt@JtGa{IadeZDdeNSS hts L O
toj ¢ BdzOdzr dzedrn [ 3] . o dMmts¢ 9" ' Hlsotstcs 9 Odg' Mils! ¢

[MsBdzd o ' fMiss fr]lzuG)fndz;ts[lzh.ﬁis [ O©htsis PB dz toj ¢ S
"dzZlsj cteOyt W o' L dzd -~ O d3l txasu; O MY i3 tosza @deitcj W [
GNSS, Cdzlsj oW Jtetsd3d Ists L Ols ts Sndf)dzls | Js df ts| diAis ISIESAR s ¢zO to tS E
Of jtelskzted (1 NnSAR), il dsQdgy s OF s Isxs16, tc70 dzdgfizdas * fijls * 2 € «
SO CdOmdydedrs GJBHJL
18] v0¢d?2 Bz dz' Is d fi
LOBJ LY jukz’ ¢ 5 a3 W) dgf
f " HodhE' dzOH " 2 dg" Mls!
Wsted3szo Olsd ftsoade hz € Of
fwesyjm o & yom"™ 2 {1
hodHC Y dzd dzdz" § tsH "'
s H Odadzw .

VicORtsolzs yd dzO0o j HJ
f sdzv ¢ O ) fnd Mls j &3OK

lsjodsdzs @ 2 CjBHJLGY

HiWBtdzOyYy' 2, 5B~ tolz dzls 1
"dzlsj cteOY " Is © W sted3
tej Ctsd3y dzH Oy "' 2 htsHts o
sdfsoadnm Myd dzOte’ ~ otc d deg

L ZtcOnlzo Odzdzw d3 dzOy ' tsd
dste3OIsdo dzd m tsitsB dzd o ts
d 2O dz' L sfils Odzdz' =
fzBdz )OOy @MisOdzdz 6w |

f ek dllsts
HjWstedzOy"' 2 dzO
p MBS Bl Ydsd s

ts fnda

LsCte] BO o dzOf tew &3O
yomtse dn W H" 9, OB Mts
‘dzlsj ctcOVY L ] We . Y
HisMw ¢ RPRREBK, tCtoj idzd e
(Ol dismy j tedz’ BsH, d
mMjtecjHsadh ") ' dzOf tow d

BjssHBESd"

fsLdyl

tHis d] SdedfY H di' nLSEAIHRE) tizf Iz © O dzdzW

§ \CdRfd2' B I 2 B @z dsiind O fz11v5d3dC O

J Pz sGedizg R f ¢ ° w Gdbdzdzy h ' flaztsiisd
AWAs OBAR Mils ' j s Odzs dgdets® OB Mts dzs
gWLdssE y-© OOy L dasBLizdzO y O

c lsicfimizlz  CHEsjdilsiddgley \ * {Rtsded ~dz! dzd = ks
C ] IO R, o Uals @Y SO dz' &
Is [@,612]. fseo ' dz¢ dz Istcj dzH d
v te] dzH 503 “dzlsj cte Oy’
) Is O O35 BDATH)' ‘' B dzinls @6 O H dzd -
5 dLLANEP | . MEOYOMedritctsis j - d2' Y
dzts @ 16 to 5 foidstds olsOedets| dzf) B j &5 o ¥
o ©udada] o * hted daf 4IRS o8 &’ ~WGB  dzO
7 € @dizkz'tc 5 dAf dafsisid Gl S N s f "' H
J &zts te s H i3I de'sfRIS 1o HAEW stcdzOy " 2
ilzfu g fnteiaiste af tefl3 d d3 tscgas HsjtsdzW d3do [ 5] .
20 1070 dzdf | dz@3) IdHipsyiddg[dc MO S E (
sl fjtjtod -MfsnmBNEI>J d
H' o)l cGHiojgad@ dzts * L | n SAR H
5 'H J W tsQe'dd ym2 s Isj dzjsdzj dzls ' o ©d
20202 sz testcd dzd s H j dyts dzils
Sd cd H QERAMRIs! "Bzdz! sd Mj deMmts
5 tzlf 8 O Ggi{BdEsiS NI, | dats d3lz md
[ [HRd d" jAdzdzVH tSldnsia) dats fj lsizdzy § © H
iz \ 4O Az ™ OB drptsod LisCdgf MO y
dInBAR dizozt ) £ LZO of Qois fidsjtsdatds o 2 tot
h 0L §dzd © & dzd f" " Hodh ks Is!
L d3tisdz'ddg teizdzf dzcolz 32! © 6 A3z
3d  tolsd 1o dEGG JzdzdEV 3z a3 | ldsof s ©
S H s dztzd Y § GetfedsB®Bls ' MdEls Olsls’
Cigdpflezy BOIs d LYAsUs'eY) B Mdgdy O M dzd -
zelg sphlb] . 1s@c Otizg Uzic Hztizls z 9 Od
SO " dzlsd GteC
YWddSSARE dizso OB O J sllsjlsltc * v
Jadsdp J dZ b Bty ) O dzv) , dstskdg Is St
3J Btzts dzts cff' mpdglts rddOH * 8 - ME dzO

w

GNSS/ d©zgzdz' Isd yoOfmilstsilsdz'
ftod?2 &30y ), "t W dBs
'dZMJdZJtGdZBGB Bsdz' Issted
LOWYO dzw b ls.lfr]W

£ M dzOHdzd s EteB Odz' Misq
MdodzO L OBEZHBO O, f " HU
o0dz' Hso Odzets " Hoadh j dzz
dz' mls! dz0@ ¢C tsdzlstetsdz’ dzd -

st G UBE | GRS [ EEsbDBE.JL Y j

]

B' todzd S dzOkC o dr % Owald

103



18  todzd & dz2OkZzCtso dn

oy

VEtO dg' CSsEts HJj ey O desets L

" H{dets’ mdmlsj d3d
B stesdzse ' ydzts’
f sHOdz M s’ Qo lstsd3OIsd L

tcjLzdz sOIs’ 9 z fmd
s jtojHYJdadgw. [ dzv HEB
i Isd o tcsB SIS i sfdz'
L O9 H Odzdz™ : sn OtcOC B j) iz
LOMOHJ odh s’ GJBHJL
fsBkzHutsolz tjWjtj deydedn
W H' 9 HiWtstedzOy ' 2 ;

Bj stsHd ' Isj ndzsdzts g
(GNSS/CORS, INSAR,
sOn jtsdi3i Istc’ W/ dg' o9 j dzt 9 O
T ady 57 Istsydatsmls tc
O jfdds'dzs SO 9o ' HIso tstet 9

Fdsseo M smisj toj  j dada” ;

H dzw |ZLG15H)|JdZdZW Is ©

' Ldedr HYyJtej &z E
d

d
BJL 9oltcOls Is
90dz" HOY'
ftod ¢ dzOH ( f tc O Sslfdz g @i
Bsdz' ssted dze Iz
&z' dz' 220 SO 6" HEesls] n
G' tedzd Y’ sjtedlstste’ "),
dzOL j d3dzd d3q
fstc’ oadew dz! dzd 2 -P&Bdatsdz’
JWJClsdoe detsfls’ B3 StsSH
o] Cdi3j dzZH Oy ' dB BB H GBIs | &
LOdzj ydes 9" H Bilsd, ka3
sB d3d Y 4 dz' ; ¢ tej Mdzd dets
Qo lstsBOISdL Oy* BBsdz' Is
tcJLEzdz sOIs' 9 fd
fsfjtedHyj deda”

[ Mdeso d&z0@ yOMmisd dz® d# 8

sy dzts fyls

iz

C st
HeMmistse |

Chd
dzO9 j H J dzis

HJ wtsted30u‘

odd3 to¥ 0 Odz

ftets dzj B

teoH fftelsOEsdzd W' o d fiy ©Ms’'s Mz © O dzdz™

i dzis Iy S iz o @dzdpizd o sMis
Oy' [ j 5H tdEas Y daag W Htcsd
) sdp@Ry" s dz@@'dzdz' tsc B)d Mls j d3d )
) 84 df jS deded fitfistishyg liz® dsdzj dasC B OL &
H e fgts | Glf tc o | da® o 'lsd@@ " 2 dzd -
d 1035 o) @aRte S HIZPs teig sOdz' L Oy ' W I
L ety j da @esj L i ykezlss Odz! oz
tfifpfus 4 d3L W oyderfifis o H 6 O 2z 9 O dac
o mdzvodzlz s s sBfle GO@fpde'so dd3 L C
ECtcOdb deif2 ©O 6 ©étlasiizads" BT RS 8 ¢
LOMissMsozo OdzZO HdzW Istsff 56 J
ZARRO)yY | 8 dz0O tizy dztizelslz O dzdevisdizls § ¢ Ms
s LU HZlsdzicdet®y ' ' L HBGDlsdausftslsi Y, to j dz
OldztsIAsR, L @O dzddzed = 9 d A3’ o8 9 (
L Otz tf f sl Oaditsis J 5 H A 'SHs te d B3O «
BBO®HEAD dzdzy f t6®dzf B~ L tetsyj H
@' > d fljddy ¢ 5 S€ wg dgOIs M o
1 ey Usts tistst] ddf to Sy iz te 5 § dz! d3d
ifwgdiej L j dzlsOlsd o dzg'

H @fdsy dz' fiy s GJtHJjLdyded
8 dudiy &O fipe EiOdRERY , H ' ¢ 8
iz fusd2@ B sz tcOfstcz HRIE B B dzd € ts @

dzj fststm 'dasdgis® ud § W J &Bj ed H '
izt g s s o pAf ¢ wds@ditslzdzd € 9,

ht

Ud@E ez Cf o S stod MisOdedes  Istse
o YyOfhtsoe iV ts tif dgtisa @ ztis * o . ¢ Is dst
dafstteaZv® Is! v  fjtejHlzi &3 Ek

s o Wig BeGl2tsC Is s @ It ity tg filphddgtes dats

" dagtsdz'ddy’ LA HIsE LO tcOn Iz dz
5 tofigfdasfipls | 5 @) j'dalzls | cac'Ontf 59 ° H dz
) st "d3dd y dzdp© dadgs ks & dzj 2 (k3B
i ede’'d ~H j W oty dgO9 . T . 1 OG 0OIs
ffzmu b § depzdl t hdz©  dn'f HerfdUis(Islz’ 3 fr

GiBHPLYMN tBLH d&z ¢jBH|jo JrdtsizOo @BEAH dz' 7 5o jtont
Liste" * dzlstso Oded?2 dz@ 9o ' Hl|lsfptcy B8 Oezf " o L dOts dzldadas dzs & Is ¢
ftesfMistteso 5Ets Sty J (z0d0 2 Hs@sdruskS ' @ j dsdef S sted Mistso
ftso jton dg' L BOC fd B3O dz ‘dats’ CdgpCidgdo s Is © My j Clste
ksyds Mlss, weO o MbkyOifdade diztt Q Wislzf'SC OF) PR 2 "
B &z Bjstcso 5E s 2 fnkz dzbiz" dz' "d3fpfiplactste dg je dzls O dz'  dz' g
H' Of OL sdzg' o . wd st isH|d® B dz] B tdiztedd @ad® IfZz tc @, stflsdd
WisteBlzo Odedz" SO ° HlIstcd d@jdadefd3’ toj Wijftasifipisyididjny J dadzv ,
mMdMmlsj &3 S tststeH d dzOls, UISBt(zHDGFaIzARraaq’tfnnscﬁtslstsﬁ{dzt)scts el C
YoOmMfatsMisstese 56 S C Qte®@@dgd® Yz §ftoddeyd oS
My smisj tcj 4 dz& , 0] lsOtQ@frnlstsﬁ]Srz'a@’dz@szndzjnlqufndzq’:

BsH j dz¥ 9 O dadaw tclzn ' o L Fsdza j L ° € tstorddiy Glds® o dptisde Slis tsta|d
HiWstedzOy" 2 “dey jdaj oddd R j Wi BT H? LR’ ftse jto
LOB jlz'f jdzOEZC 5o HisfMdz' Hoigd dedded tefts HSdi[dRls d y ds'j -~ dzts 6 j dzdz

]

B' todzd S dzOkC o dr % Owald

104



18  todzd & dz2OkZzCtso dn

fteOy!' uvSLO dzfMm! Csets HJjtey O dese 5 &k

EFFECT OF IONOSPHERIC DELAY
ON GNSS SIGNAL ACCURACY

t df) otf S ZOH

wsdzs MW j 6O

b wCtsdk tOH'

YO Mlss ©dzs ¥ dats

dzj Clstetsdz’ o

9 OHtOlsk dzj i
sSHtso dn o dd3
SHOIdZO Gctolz
OLsdYE J¢
oL d; off dz

I mr e sEEsEETT DN T

(ionospherd r e e
G dztsB Odz! dzd
ftesHECIs' o
yofm' ) ‘
¢ GJ Bd3] Bi5 dizd dzS
SHdtyofMmistsils dz
LOMistsmiz o Odzdz
skzsBZyoOttO 1L
dzO0e ' G Oy ' 2 dzd O3
f 5° H dzO dzdz’ L
| TRF y' i to
3 stesdztsc * ydzts
tWH' 9 IsO ' dzlsy
GdzsB Odz! dz' e Otezy
sdfMmlsj &3 fto
LOMssMmise zo Odz

&
(O >1
g

Okted i3S d sy

PHERE lonospheric
\ONN delay

S as.etlsy

of zdolz ' SdshY | tcdshdc @BdE &S d  da

figf

s 2@16@93135@{33%, fitilo st
-3

d3q
G SISt OdziPazta” * , Isted 5B
Es qQfafaudida®dzj 3 dz© dBtsH ()
S Bo Lz jdelEs | f b S B0 Vo &
b &E Pdf az®y " - sO Jfts~d (Is
f FRFE $TRF f WES SzITRF (€8 dz' S k2 v Is

&z® f 'fHso didsiglzls T o diS thlpdzts fyls* ;€
t
m

Sled®S @, 2 dBsH] OOk lataf kL ¢
J

¢l STARIFj210 00y | dadfSested lstso o Od

fd 9ls | BB dzdy st dglz dzé o O dzdz
YOO dafr) Witz ive) Udldedd2 o detsadsz. € ts ¢
[ L Olsoljatd H Y | g2 d3tfisjtedahml@ny s d y© 2

Clagm's2dp000 “ B | TRF2000 30
“to¥ 9|0 dal= 24,32203, 4 ¥21,372%,

o [ ePEd q7fipls CBAdZ™ dgs, IStSH' W¢ B
| ¢ 5 g0 tizte Gz RO ¢ 'Ists dzsENdeq s dBfF s H
C ZOH| MBEEEIEM I ' € nOd" dsdgl 5 J.
sdzj 5l wEsBlsBdO Wi tejfise ' Hdz fls!
Ry Ej BR8P d@vmOdidsd & st o

AN Coz' L QRS Y dzdGiS 84 ( G1762

Jddgfj tcd Bdeftr o WB-fise ' Hdzd » C-xOBIBE, dzd
f OtcOdzj stc|OWgEy Nds LidmQudzidz' 69 drgizd O dzls dz'
" H sRBizOdgdrsdgz o GEZS | woOL ©dyo? |
o|d & dz@ry § tzE® tgMfamsiZiste/ =39 8 ‘
J HEtd| 6 JjL0u]jdelsftg] ity dzOy ' tsdzO dz
d Slsdgj vE Rl Gf dzj dedds j  @ftpte sOfiZLs & L

HQizE § L GINISGdzf) dzvl \n' SR Iy dzj dzq

fldgy .| esB' s b dsCOd dedn e’ Cy
Stco et L @8 i Fqbk’ MOdlsddijstss
o d M &|S 50 s Uzege dc j s @ fi) s 1§ fig dze @ dzdz™

tcsBSIsOnR, oLO" B 59 v EES] Istc” oy jttcijted Iso tstcj dzdzv .

1B tcdzd & dzOkSCsodnm 3 0923
105



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L
v OB dzd yw 1
1 ste' odaw dadz" f OtcOdzj Istc’ © BMmdesodedrn toj W j to
] Otc O3 Iste| WGS 84 ITRF LU 4 s2000
vdf MmMdmls|) dzseB Odz! dzO |f ' 3 dzOtetsH dz(1 Oy ' tsdzOdz' dzO
md Mmils j &3O Gty dlstcdiuv St ded (G
(cityd dsted| MdMisi(dBQ Odz| d&ztsC Odz! dz' L
ITRS)
]l sAatsHY j dglt BL tetsB dzj dzO|) sfls ' 2 dzts ddder totsdz L tso
o] Odz' L OYy|cdzsB Odz! desG|tsdztso dz 9 Odz(( 2020 200
fsL dy' tsdzlz e | (ITRF2000, LOBJ LY Jyud dzO
| TRF2020 L s5dzOd3d -200u ¢
stsydz Mmis [ o sL s5dz0d3d
MOdzlsd d3d Istec"
vtsydz mis |1 x4 o(l dmsC O: -t "L dedyw ¢ st
9 HYitse H|®o' ' Hte' LdgV' ' Is|tetsL B ydesmlkl TRF/ WGS84
dzd h § ZO |[tcj Odz' L OfgBYW MJ toj H da'3 s dgz
MOdzlsd d3j Is te
[ 14t dztsd3 ¢ BYUOdHOgdED tzdzts L OC dzOH O dzdgw Is © LGzf
e stedzOy "' z odh "2 |cghEmhy Ll dydednc dztsim) dp'ydz’ L O9
zOo ' ¢ Oy 2 dz M Elsdd Cisils’ MY tisls ‘di3d WG NSOy * dzj ts
GPS (dwz¢), GLONASS (|t 3y &zfatsinbeo M auBtotsets Cts
Bei Dou (s1t1) ' tjc' tsldz@dzL elzO W QEZRBS IsDodddiRNE R j fiplsd®
[ 10] . Il dMtsC slstsydz o d L daB@judehddizy  18tO] as@ D di) s | dzOls s W
WOoLBsedR Mmitshisjtjyj ddad A56 &€ ' &b § 57 tdzj e B’ ' 2 ¢t
Mz Wofff oJlstsHOR sBtotse (zjfdeid S dfLtcj i RO dz2 dzd - tc
RTK, PPPPPRRTK) , "5 L O Mifisd Sisgdaain ds¢ od d¢dn it
Ediise LOBjLY jykz' iBsugdg Bistcj § szsH Gz’ H' B tc Odzats’ GJE
f dzOdz'i5 IsBB 3L O o dMmtsistse | ddISY sEHtEs dz' dedz® H j dzj 2 ;
f zdzC IsOR [ 9] . uleIztjdijﬁﬁl&bd%odyB@nSmmc;Waﬁﬁbilsﬂz 1]’d:
f sdztsy § dz tOL 5B L | @ O fdidn S Oazd] didf fiFElste. o
M " 99" Hdztsh j dadz”" i3, 1L, o|d HJ tzdizisd L ®H GBY,B dzH § Ctcdlilsdy
Mise st * B stetsdzse ' ydadj Isd$ tegH Mtskz czlsy OB Mtso 28 s+ ¢
dzOH ' 2 dzts”’ "dzsj ete Oy BIKS ReatT iLme | nISIARe mat i c) L
dzOL j di3ded di3d G J SH J L d ydzd d3¢ d @ dzB Yt tlzolz® dzde'sdsdec Ha dzOIls k2
LOHOYOr disdz ssteddzc z H joWoSted®G" 2 . j toj H O9 Odadzg™ H

[ BtotsB dzj dzdaM O dLEINRS S Iz

ofddf'tk0eo tsC © "' H BOLBoats’ OB

GjBHJL' “tokzdadstso Odzts | dAPls Gy ' Hotg 3 B BD § fofdiztse 5
odBdtOsls: L SEdvHE | dQ tejoLd &3t Eigee [Miptdits NTRI P) ;
ssydesfmls' stedo Odz' Mis| M tgd sEtkd e § j de Bse' W' ¢ s
st J tOIsdo dz' Mmis slstced 3Qdadar Olsdz] Mz ez’ B O § zOdeso 2 Ists
MsOlsdudzsdlz toj ) dB ¢ sseeddalsd] g Eotey s € s dzs . s d
LO bttdeOdzd®d MiMm" "o shHfshsj e ] dOtss dO ' d
C'dzt ¢sn GetsHddz HEtS HB|]] toR).PPK fiffeEeoteseddz Kidedzatidy
WOLtsoadr odd tos 9 Odz' ; YdRAdE L BR ' B2 MO@HE dzded ddzj 30
1B tcdzd & dzOkSCsodnm 3 0923

106



18  todzd & dz2OkZzCtso dn

oy

VEtO dg' CSsEts HJj ey O desets L

Odzj L ' HC dzOH j dzd d3 to
dzj SHdzsL dzOydesils j 2 &
Bfntssdzq’als JWjiClkdoe dzd 2

BdLY W dztslsded n dz' s Odz' dz
dZJUJtGJtGadZCfQ COdzOdz L
Mmis ©dz ‘B 9 HMEIlsdz 2

acfd31ch{ htsH® fsOzcifudplds

SE,

GNSS

-~
-~
-~
-~
-~

Statlo i

RTK Method

Sicd 6 vz Odiav dg MW @ L tsdeddr C Iststs’
shfEBtofhHzPdedz” ;, Y SHG] Y d o3
olzHIsp telotz® @eded 2 L B O dzO dzf d
q *izO ISQ figBtelO ld'Ise | ¢ walidi Iz tc fiy dzd c
o0 dzj C MdzdOL 5 ofifsj GZO R [
Omp W g @@ B2 .dz' dzd 2, 0]

cC &

P

RTK
Receiver

with Correction

Transmission via Internet

tdm. s

1 sfls ' 2 dzts H' By’ tc J
(CORS Continuously Operating Reference

Station$ Wistodzlz s Is tej ¢
dzOy ' tsdzOdz! dz’ i3d ted ",
BjLY jtoj tco dzj o dL dzOyd

dzOo ' ¢ Oy" 2 dzd = o dd3 tcr o
f tc ts fyls wmOE)EE ftedoow
GdBHJL "’ [ 3] . ) LG tof
Mdcedd dzls' 8 Is0OC JUA-ERPQAS]

SystemNET, GeoTerracg , wet HO

PBO uiRSK-dSlg s H I

L fJjtejHOOdedz" 3 Cts5t6j Sy’

W (VRSj BEPAMAC)MsP&y’ 161 . 1 jts
HW j o) d2WBNSSlzY Qo sC L H ' 2
tf (2@ tz sNERIEZ (Ndtv@rked Transport of
RT®@M via IntereejProthcpy,z sWs@ d 2 L OB J L

dzdz's stz tf f oAl ES'Cdz! dBISNTRIP-tc d 2 &30
OU®OMIs'j to' o fijls QdisRDEMESRKE W o
L O Is jizls W' h e @y & CstedMmiskzo
D 'fdg'ls oW &rdefntpling dzlis'ts y €  dz' Kt s Iz
i V(LLOSCOZ i @X Is j cd Misd S d Rt
bk letsmisBlzz dz0o j H2j dztb € “odz! Js'OfE

slsted dzglz o Ols d odMsC slssYydd)ls OUAgts B 1 d deQjlstxc e ®F L y dzd IS
teBL ctstels Odzdzy o dzOMmdzts™ B OO ts'W tshdaEbdey’ ", s Oc Q@K Cs Y L
"  Histeddzgz® Is! RTKtg fop J dn|d H Odz' f" HMlsOe 8 HdzW t.O"
o' Ldzd d&3d MistcOlsj e wdzd |Wigjctglzo Mzdzy I tsdzlctOplsdets 3z t6j
v OB dzd yw 2
] ste' o dgW dzdzv n O tc G Jlstg jioyd fusidt€ © "CdaR S

1 OL 90O s'dz €' MICtcdlslsWAtstcdzOIls | sMiskz{
3d tcd ' [MisOdzy' 2 fcsftcOots
UA-EUPOS | 60+ vfmMw ¢ 0O’ | RTCM 3.x stsd3j tey' 2 dzd
System.NET | 25+ Ajdzlste, 1/ RTCM 3.x stsd3j tey' 2 dzd
GeoTerrace | 15+ sd’ o s RTCM23/3x |1 jLStshIstse dz

1B tcdzd & dzOkSCsodnm 3 0923

107



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

[ j Is ®8AR (InterferometricSynthetic Wistcd3slzo Odzdzw d3 yYyOfmtsed~s W H
Aperture Radaj Ttkzdzlstse Odzd 2| SBASH &OLUsB @ j dedzY H j CStcj dz
te' L dzd y' (o A tcOH Otcl|ded 3efi B Stz WIS OEFHS d- B OL 59 d -
slsted d30ded d3d L 6" L dzd - SO Is\Eaif * dzd PShIARE Qla ¢ Gts  dz
LBscz By dzc ®#Olsdgo 2 telzfsfn . 3, Hi § sHOMER Hokks
L d3" M J dzdzw ftse jtcn dz Lls j todf'lsdz'tcdz] Istas o setzOMOBRd h o
Yykzlsdzdoe ' flss dzg@ o j dzd € d F 1iRc BB IsIAgts o ¢ 2  ff dialg/N t©.7) H S
BiL WL GElsOdzdzy dzOL j (3dep tco Bfz@ e OIS z tdf ds dfO6e, 0 d24Q Jo .d ~
UV HBMd HY jddz L OMistsMmisac@®dis df 2dz' § O lsqd R'dz' MOYHAUJIs
INSAR: DINSARH dz% H jIsj S y" "’ d3'tsdg j dg'j>H Y AAS &30 dzj ¢ Olsd 9 dz
HOIls (PHSARH dzv Mis OB ' dz' dzff Az LoG mHBY Oz @Y 'Y L 6 ' HietsG j sd
(BEZH' 8 d , Cdey j dzd todz] s O f§fsiE HEdR)te Oy L " dey J dzj te

4 Omm/y
g 1-2
2-~3
3-4
<>a
t dMs OISO tM' HOdz2 ~“thkdzsk o ©WO2dz -IBAREZC SEts
U f 5° H dzO dzdz’ L BaJ |tc fiz) 9 9 dzezd O dBRIAVK sOr BRI IS
Mo MOAJ CORS -syytzft diit dz'SI®RM § dzf ts tc dz' CtodeV ' ¢ 2z te(
LOBjL Y jykze Is! w ¢ OB fi) cxier detszaO dpic d o OV OE zL § J ydIsd
(udtedtL GNSS) , IsO¢ 1 I ed®Hé6ezCf dsh dqé@igisoz B L {
' dzi dg' Mmlis My sMmisjted  J|dBGNIYJ,tcj Lo  ABEL BB A{SEs d dzdzkz
hts CtedIsd ydzs o Oy dzd 9 dtely cHzdd»w tcala] indsdz] dzdsIESKBR),IS Is W
COlstsctcOW zo Odzdzy f tso ' |dzeiztdz{ O dz' HApK 15 telgfs B’ sAzts & y dzlz z
B ME C@E dzsdzj Oy ' WA . CtedIsd ydzd n 9" HAB IsC O~ (-
U Mz yomdzd fMa J BO|- 9 d d3fs tz¥ ), O tizfzdtzc 2o " HiMzdC

HjWtstedzOy' 2 HjHOdW h dts'sjydz'Lipdyls,smtse zelelyj dzh Iz
"dezlsj ctose Odz f' HABHJ|, h dttsC tsdfad hHisdgmsdiss ¢ 5 € ts dzls to t
MzfElsdzd S s ' o dL dzOyj dzoze s B(ANS So) , k& dfts® 0@ tc dgtf dzO H dets
Cdalsj oW jtetsd3j Iste” (1 nS AR fMis O dztsee YO UAs R tsmialzdlz | € to O dzt
dzOL § d3dz’ My smisd e 3 j dedt” Mse('f tedfQfigif o R)dzj[ 1, 18] .

1B tcdzd & dzOkSCsodnm 3 0923
108



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

St adgv dz? dz27 R OtOC

o dtetsB dzd d ~

E Hjfmwlsed Co

XEOFARGE O BG o
"F20" gor o -

GRS DVGO T GO
0-Ng—H0"0an
O I © 11

StsH ' w ¢ G'

] ste’ 9 dgw dzdz? GNSS,

Is| @)m YCd &S tojLdf dsdz 2 - o

s9 Odzd n Isjﬁdztsdzls:‘ DOdff HHOQdzR dp s OB tdz' 3. MO dzOt

‘Zdidsjo OB s 0 OGREE3S I3y dztom Isé dzlzy

juk" &S Od dzd 20 d dfistEdzls B Ezs  YOMmistsisd s dat
Odz dzts® s sz @t { o stepyH L dedz"3ds § o 2 dgv Isdats’
& fMisy HE MjSEdmils @ X igdRag) RTKY PRPY dls! o 1
INSAR HO' COWlyOiiso g Listiisgg@y ' & '  dsC Od

OHECOBEwY dTe &b ik tzss , ' of 5H '

‘s s FREHR S| COklsd ' HOd & f! C°  Is
dydz miss tsdzts o dzg degigvis ts o BrBARR 8 dz' o H S

Btod H dzg' CodeV ' e ztcOyY '’

v OB dzd ywvw 3
I NnSAR ' c¢'BtedHdzdr dBj IstsH'

[ isBH|) tEMsttttoe ] fubyd Mis! |y Ofssls O ] Ols
o dMmtslstss ts dzts @ dzj dzdz¥

GNSS |] &S Odz dzj 3i5

B33 o Clzdzn d ] d s

C' dsdjlstc' o

INSAR rimwised Co90OKS510 dsd3 rdz' / sy dze |ad t6j H

] "Bted|f 8COdz! dzgj + 23

BB dis! Jajte]jH

] SHOM hd2 Lo dlstsy L OdpstElz i) deloRm hs0E s fw c
sy CkoOdts L M@y wJiss Oplzlz@Dtso 5 HdzW COd Btolzo Oc

mMkzL " tcd o ‘ yomkssis
offtctso OH Y j dadz' Rrtkoe
fd € kdzH dats ® Ctsdzo j toa §

SO&SH Oy i€ &z st dadz'
fl'w OB jJRRR ks Is' Ckistol ISt
deyr O dz, dats 8" delslgze W @&F'dB S R( 2

Okcstedlsd' o h s ydeses| w ¢ dadsqWag € sz dzmedgvdz' tod H O I
OQolssBBOIsdL s Odetscts OdzOdzY §j B & d iz dzdp'f  Ld3 Ol gzl fridsts H
yofmseads ©WH' 9, L ] d eylzds dzO da'' dajS tofff ts ‘516 dgO dzdz™ Yy ¢
HeMiszf &2 Hts tcOH Oteddgddh |zZHN@dEdzAs,dzd € s 9 d d3d Is © t
BOGO ' tod BOMh OB k2o O dallzvi f sty tisjtgjddder s 7 ¥ ts to iBlz *

sdusBddud?2 §02¢ &Zz02dz, Mk

tdOdz" LOY' v oadmtss sisisa @ik MHPOEHRbFEFY fsteds’ Iststcd dze
MfdtcO’ Is! Mmw dzO L cetsiHY J dedf2y of mHdsfodjidefrp Odzse 5
Of OtcPledzE tcORBdzd = L OMtsB|" b dzls j dotg @UZO'd3J elzglstsH j L d ydzd =+
o Odzd n ftesyj Hizts. gilsOQddytf fy' QY Zsdz@llzlse tHf tets G tc O d3dz
GJBHjL sdftsots oC dzf Wh'tst sz®& B ts g@fddisis daff @ Qedz d dzd
GNSSf tced 2 50y ( L1/ L2/ L5) ,5BHH@X dL OBg d d§'j taszd O dz H S
BsH j dz¥ 9 Odzdzy 2 ff tod 6 dzig " § @AdAS ts ¢ Q@S fippdederdzd ~ f tSHEZC IS

ofdzdo' o, Odidsjde L | tislsddgg dzsOq] & ls dzdudsd 1 j € o5 dzls
nOEOSCkjiedmisdS Odkd GNSSif st lasjota]j2y J dz!

Codzstosdzj 6/ 6] ' MisteOlste| o ¢ € 6 ts demjlsLsb izt s o aisqq:(usqqu:
Csdzd SOY' * % Hdv Cjlolfac@dzde0 dsdgf ' @] slsOf sdH Ols
Csilzdz SOY' 2 dz BsHEZd  HEYd GRHJ§ ehRd@d Mo d, W
Bjteinjodn (sfwOo st |zdzjtsieks L dueodgss o) sy dzt
(NTRIP yjtiL GSM/ 35| 4FDOP,PVARr at i ®L j & ° BEHj C

1B tcdzd & dzOkSCsodnm 3 0923
109



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

Olsdizs MW j tedzd n L Olsted d3ts
LOMssMtso 28 Is! Csd3j to
mMitcjHBadh O, LsCtcj 3O

Center, Leica Geo Of

flosf sdzzs 5! tsL h tej da

' odztso Oy § dzdzv, ¢ ' HIsto

RTK, tGISLdeZJISdZZIStGﬂf,UZHIZ

Y tcOo dz' dadaw

Lo " Is' 9. )

[ dzw Cdalsj W j tetsd3d Istgd fgfialsg W

tc OH Ote dzd n

Lo OnastePy " ydzdd B3 $ BY L
' C2taizls 16 s dptotises @edRtsidz’ ) 3o 5 dz' € ts
O r ilsndtSise; Bowdsitmsodssy L Oy " ¢
iff does y'j HTzdep c@ints Ma g tsesH | dzV € '
(MEdg| B dgr/Prase i T §oth ) 5

BS ) g ‘e dzvidzdzy PP P/ PP®) stets ¢
COBOCSjcdmisds Isdfsodn

B sOHOdzd d3do d EO®tcdntstisadglizs Bezdzz o dh * 2«
Is OB dz. 4 . I ©dz' f sH Odzts

L dz' d&C

&zOB ' tc 6 OdzkzL jodnr

H dzw f Jtoj HiSB ot jd2j
W stcdilz o O dzdaw

¢ty 2,

Cdzlsj oW j to
St aMPS H

9 I n

OGPdN it o dss dzd €

AR 0 O 656 t d f)Is Lo @y ldst i) 2 o O dzdz?

e ls|te k B Gels s o O IS B 1A s dFESHA) d5O WEN S

OUWLROEtd C ZOH ISezORE 2 )T-r zmbR
CpPiszOte’ ¥ Bd & ZOd@tEEo OzO 1
wig' o H ik Ml 2 Tddse d W'
Ottsi af & W G te;' 2 j dzj § Is te ts dzdzd 2

thiej temBTISBEEYded OB jLJJykz' ¢
59 58 Bdz) Ols@ztoddz. § KFdB Sk N
tz aizdzdj 2z Is fB dzts dzis ¢ fr) et RiAS Q diz'

T EBiEE S SO " dzlsdftEHdOn dd ;L

5 tol GYEEEeddy dGWeLd, 6 ( $ ZOnk

® " HBdoaOY' o (PSIQMTSAR

H dzw fts BIZHtsac[ dzls |
dzOdzys 3 ¢ 9 ftotsmists
fOCild LOBjLY jykze Is

&zOdzyd co ' H steB ' IsOdz' dzgd

s sCtste Sy’ 2 H

Olsdi3smMW j tcdzd n fsftcOo ts¢€
hodHCBMIs]j 2 HJ W tste @aaqZy 18 SH Iz

dzd o d L dzO Y j dztsfr]lsc; 2.
wdzls j ctcOyY " & tc
M smlsjtejyjd °

odCsdzlzy Is

QGI'S LOBJLTJyk
2 Mmists

GJj SHOdzd n
tjLbkd 5Ol
(

z My

K |s !

jLkd
-

fn
EChizte'

L ‘OB {f ustB jzwits'es d ) jStay tailsizs CoOH
sap dzs €5 0, 3 dBAB/ € 3
odMmislsdzd s o dL dzOyJ dz' . K |
O lsizlsy te tots j lstatsds@ 4 dfizd ~w & Hsfmw
i B 156 dzd B dzaz" L & @ gz6 fiz® R §izis s ® C
tcJ Htso dh OF tsMmlayuts § YArded®l S ' IsOC sdzls te 5
o asdotg salalzd UGG & e H @& toj L 2 dz
Gg sty G, ' L cshfigszgitc] s d

9 Ek L OHOdz |2 te ey ¥ Q ey 'dydits @ts M jnis j \wizse dh ¢
| TRF/ ET-BO8) v & s

L to

BWdE ] ttaglsy*

yj dzZlstelz o Odzdz?  { toq G

v OB d&zd yw 4

1 ste’ o daw dzdzv Ikssydetsfmls® ihdetso dzdr § tod dzOH " o
vdf BB &OH|[ BH] dZilusydz' Mls! I MtsB dzd 9 sMlis
GNSSY toc d 2 d3O| Trimble HB-21 d&3d3 ( RTK|JI O OIssyOmlstsls dae

R12 o' *° GNSS
[ dzj S Istetsdzd] Leica TS16|C s tso O sy wdzls j ¢t Oy-BEH Iz dz
sOR j sd3j Iste HOdz! dg' fls! H
I dMs¢ sls &y Leica 0.3 dBdi/ C & 0o ls®Ol d ydzj
dz2' 9 j dz' tc DNAO3 o dMtsls

0ClskzOd dzd 2

GJBHJjLJydtGe s

&' d2' Olss sqL Oy" * ¥

Of OOk kzted,

L tetsfls O dzdz

o jClut dzls jledste ®'lSC ' § jtoj RBHIEH

Az s oz (3jdEgls-Otets B8 yd ddzy dzOy J das ff sdz' 59

Is © J a3 Qote jsgg@ § ¢ 8e@ o dzy b % , HJ H

dg Oftpls o ffas o Iz f) s tizf) E@ dets ¢ OB Ote d I

1 B todzd €

110

@OES s dn 5 O3



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

GNSSf tcd 2 3O Y’ L Cizd dzls € 1 diz fnls O dziz Codzy J dzg t
Jd dzj tce s 53 d o Odadz" d3, hftod c@Omded 4 jJ WeSdsh OW Is® o ‘

MOdzs d Bj Istctso 2z Istsydz Misp sy @d sz’ RO dz! ddss BFAMAL dzO ¥
Csted Mdetse s dzO 9 Odzls Oy j|dzdzy tsH d deCy Orgdde dzsf etsyd M o .
tcsL 98 do O Is! ‘dzsj ctetsg Olg IsSsH zOB OEBY " Ldgsclz H s !
odd& tor 9 Odzt dz Codlsf dzj ¢{Mffstevwln ¢ ¢ ddB' dazezy sdz" o , h ts
GNSS f 5° H dzOdzts L Bdel tfy 'C@dz' dpdrdpdf dzz OlsOy* ls
odd tos o Odz' HA@d B MUY dzOEBRER'O uvdfitseoddd tBO' Cls
s lsdyded dsd fj delmste OB ; | o @M@ Isddk dz! dskfHn' j edaly ts,te dz@ * H et Is

Otcrn " IsjCIlztcO® ' Hodh k' | dplzn 'd diélsfigls ! ¢ tedsls  Gazts € 2 ' 2l tc
mMjtejHsodh OR L M¢ zOHvdgtsfr tcHhkl BH@d &0 Is§ ~ dz
Yy 2detss tsBMlsOdetso S s . |[[B@BR Oz jlztglr 8 9! dm( £ JF j toj tco dzj
BOMdoe " 9 HOddr ' e Oldztey @ dz¥ M ] @xz'datzts ¢ tis s ByYdgz
¢ s 3O dzH HJHOM YOfls ‘| hHji* O dedptOfgts . Gskp . O dz' 74
Ad30 te dzd - Mo MO~ tcj Pdz! desctesj ¢ y®Oip@s "Ltsf Hoadh j
f "  Histcd BBz ¥ Is! Qo lstsBOISIdOEE@dzdz’ ME s dzo § ‘tetdsd © dIs S B3
(pipelines) o  H fted ddf@daogy dzd W@ dzcfrte s YN O3 5
o' LEZOdE LOY' > kO odfikmetyLd tiEd. ‘| tce&iEKEO’ ks,
s slstslsjnds ydzda L OMsie GBS S d2v 10 IsASREzS[Btizse 58] . )
o d ¢ tsdzO dzdzv fsolsstct o Pzl Odz'fdedalz! B S dzt sz f tod o
sf jteOy' 2, o C dzs ydzts LB j LQfojldasjdeidy s €O0X sddstsis
fsMisOdztso € 58 BOtets ¢, wCH Jeetfc blsd d Y dzdHagy hdJtesC 5O
tsB Misj 3 4 dzdzv d3d Is © Mo s Ozgls P 2zd A3’ L o dMmMtsC s
" demlstelz d3j dzls Odz! dzgd 5 € B dzlstatgdgiOdlz’ L Oy ‘b . 1 ste' o dgv dz!
[ sdz ststeddec H W istcd3sO sty dzd o tisfglslgddz tertsi " HAGSH
tsfdzts o dzd n LOMistsMizeo Odz| [ diipe PG ddEd olsj OB AR 5 .
GJBHJL" ", sMm¢ " dz € d L OB j L Jjykz’ me ' yOMmdzd 2

v OB dzd yw 5
] Bte" odgw dzdzy toj L zdz SO’ 9 B3sdz’ ssteddzcz tsfp' H Odz
£ COtMmlstse ' 2 L sdzg

] OtcOd3j Is tc GNSSiiis dz' Istste INSAR-t3s dz' Is ts tc d 0z
ltesmisstetso O tgfl dMsC O (Istsydl dmMsCOLOHEB 6 CMJ
L HOIsdz' fMls! odd3 to¥ o Odada" )
vtsydz Mis! 9o jtgli3 dBd3 2i5 i3d3
L3 hj dz
YyYOMstslsO Mftsmis jLfjtejtcodzO |} jto' SHyYUdzO (L Odzj

yof)
I sCtedlslsw Isjtgf sCOdz dgj (B'|Z2dqtetsSj (HEts Mtsisjd

C' dzsdzd Iste' 9)

yiklsdzde " mls+ H|1 L €O ldmMsCO (L Odzj ydIs!
Z dists o
] Otgls' Mis! offtgd)l dMsSC O 44 tej HdgV
l dwedzj dgdzgv Htgl dMtsS O l dmtsC O
HJWtstedgdOy' 2
4 C &zOH dz' Mis! w1 dL SO/ MjtejHI dMSCO (" dalsj oW j
H Odzd n

1B tcdzd & dzOkSCsodnm 3 0923
111



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

r dzw B dz' ssted dze Iz f ok Qdzsy dzd &3  tcsH tsS9 Y j dzdz
sBO' CHB' azOW IsscOL 89 dn GNBO 5 W tstOR,j] sd3d Isted ydzd = Mmna J
G' tedzd yd ~ odetsBB¢, 0L Pd'juded qredsiizd € sdz' BOdz' dzdm Ot
ftc' stedlsy Isdzd d3d L Odzd-h Osjlay! jfifWs d sodgtdnts € s @@ Is ¥ 5 te d3d
Ists s dz' Mard i3d Mitmilsy o] ) jsdizH 2o Odzdayj. C ddH[dgss L OB j L
zOIs § dzlsdz' miss . [ dzw Yy stz o Qudislay’ dzt das s 6 tc O dzdzy Is to ¢
LOMIstsmtso zo Ols RTK-GRIBSE J 1§ o3 Myd o sMmis’ L ftosmMisscse
BiLjtojtcodzddz COROzsd3] L B Ok dzE Iplsyt fyjstco § tc @ezq sn fr
fsftcOo ¢, Hisf sodzs v yd tetsd ' to' &H d Wdafddedo Is dzd dzd
Cdzlsj oW j tetsd3d Isted ydzd d3d ‘L d2asjdzizIOEd L Omdzy  Hj W ®ted3O Y’

f dztsh d dedzts " dzo J dzls Oted L| Odg" dz' 2 HiEd WA ts t¢ 3Oz dgddidzd = 5B ¢
fsd o. 5OC0O0 GEkcod | @'ty sistfsts @ 4 Jdr-RTEPPK GNS
LOBjLY jyk" w Q s jclOgdicdo 6 otz dedgyj dzlstc’ o {1
dzd BJ L 4 uded n L &3 d& Y dgfls to ' Bz ofiplsstelOls g d M § 15 lsdigsundg’ dz'
sy' dz5 o @dgdeis e Odzd 7 s jldzejdzy’ Bk (Aft) ° ydhtse:

) 5COLtodds odusedduddf 19j2fed Ctdstsd o Odd
offtctso OH Y j dadzg™ Bjted qjtptsedB S RTKtsH Odz? h d2 0 dzO

Clstprj toirkpfidi'ls 2 BIdtsd ¢ * dz € fiy
WtcOMmlstczC Iskzted 1 sdzld Oodg’ deds’ o  MuBld@Hplss  f tots W * dzs
BjLfjtojtcodNf sMBY BTG N jdede Ho @@ © ' COLo‘ tededn kMl
BOtE O Bhktesodnrn BO2QHOdYUdDL 9 adPwgr dd wk® Is! §ftcOC s
MOodzisd d3j stetsoaz ¢ jtcOlsd datdzels g tctzd BdzO o3’ N Ig jdA dzts dztsg * W
HOB Is! L @B yoOomdets W' ¢ MaseCAGAROBL dz®OS ¢ Ote 6 * todad = t
sf' HOd ' Likzodedf o e PjsigESed ' L1 [fdsH @dz Mdsds H dzO dz
OolstsBBOIsdL 59 Odzed d3 My ses'jfsifdedfodd w L Cfsigts s tstcdzed n
f4tedodhj dzdzv fstcsetso ¢ AL OR jdeOfyij iz Is! v QAEiBtesdzse ' Y
Stec Odz' L Oy' W My sMlsj iy dzC d e@ds@uisiikze &OMm, e
zOIs j dzlsdz’ fMils! k-7 o Odzj dzdg Is OdArsdedzibazd C Misd tzg dz' L &3 " j d
f " Hodh k' dzOH' 2dz Mmis! || Clptigdto@ds @y'c’'GeoDroneé 2 mC
[ sdg' Iststcd dze CodeW to OofifflstdddzeCOsipitdadzd - yqd S dz f so lststo
sBO‘ Cls' o ‘ s tc O dzfy ff t5 tEICHEPR o 6 tste'dH 5t Pl sted fls O da
(LOdz" L ded ydz Csdz' 7, O's fiplistslsdzts dzf) dzts tc s R o s dsde,d & O dz'
OjtesHicsd3dz" sCtedlslsw) | sy ' disstdd joQier detdz o Olsdo d € dz
L& hOd 2 Mejd, - 1 sk ftsn Gdak, GINESjSte * ¢ @iz u d
B dz' Is stcd dze CL oz Blsmugded i3’ o j dz Issydatsf

Bsdz sstddelz dO BO

sOR j sd3d Istecd yded Az L 2 BABaS GBdfz dtsfi3NS S

LOBjLY juk‘tcjlddm iz ' odL zP@j degdgy L Idd3 j Sy dzz ©
LA hjde2 sfitsteddr f kdzCls B3O8 B tojdpd L Chts dzlsste tsigfzsy J dz’
SO HO' Yyofmtse oW Hd davte Od dsve dzdz jOdzdfw ' 1s tc j filazO delz © O dz
IStSH ' we IsORjtdijlste’ W | ¢ Isg dslis'ts dzts ¢ s wggzls o g g daglzd € I (
CHBN d&Z Wko Odzdz &  f Sdzs hy jf dede & yOtdsls@ydaf'Rls j o) f oW o
jdzj Bjdals o * dW e Ofstez Sl G Miftcj AL WS a3O dzdzy Is Clgf@  Mils ©
hod fsCtedlsls’ o, CtcOR L o PpPL e ) ki Odds thlsdsjy dzj
BB sStesotss HjlkOd L OY' J €tsOdadasQdede®Oy ' (VL @sBiAsftse O,
f' HRSH' © W st Bl ! § ° w5 o teOceOdsdsd] As ts d3j dzj dgts s
o dd& to¥ 9 Odz! dzd 2 COCOML &2 ZodistHB » tz@ del A3z’ M s W
BOROdMsd ftoshisstetse 5° | dzj 5@ dats detie@ i tzts i I PMIstsstfH Ols €
Sdzso dzj dzdz? SO Bj btetsdsE “ YdsOf His@dsdz” todsthils 51 j e Oy

1B tcdzd & dzOkSCsodnm 3 0923
112



“todzd ¢ zOEStse d A

oy

VEtO dg' CSsEts HJj ey O desets L

¢ tslstsydzj tsB dzOH dzO
CteOd3dzy L OB LY jyj da
W'  Cso0dzsdzz ¢ § tof
ts dzO dzdz" ¥ tslsts@ tc Od3di,
‘ tej L Ezdz IsOIs’
JiHBaoadh j.
Jtwmf jCIlsded tesL 9
‘Iststracfdelz fso0owWL Of
| 5G H dzw
HO9 Odzdzy f tsdz! tso d n
‘o9 sfteOoE,
h sz ydztsG ts
o dw

~— 0 0 N0

z
L Odzlz yJ dzdzv d3
M J ClstcOdz' dzd -

JSMdzsets H' Oc dzts
stk Cy' 2. 1 S H
dzd S so dnr, BjLY"
jBixnjde E don

"TMATIO0 SGG

f sBkzHBo
tcOdzdz' 56 s st jtoj HY J dz
BjlssHJS B, ftesL sted
dzj o L dzOyj detsfyls j 2 ‘

i so dats

6] ¢ ZOd3j dgls Oy ' * ¥ f ot
©' hjdz .

I dideso € d . o5 s b
s j St jdsjl€tsH d ydz' L OMOH
CijBSHJjL' kO {&COLO
Ctej Clhdes’ -w®EUG o ayT
84/ vaE00) o it

Jtollse st dz ] 4 dz0 a3 te
GOtSHY jtoj dz dzgdm MY ts
gdzDtclr 9 Odzdz? toj O
J B CttteHd dzOIs
sdkztsec ' ydets’ ZLGtsHY
9 HIso s
L yd dzdz
LsO zOy' tsdzOdz' dzts
Qdz' L Of esB Oy " v
toH d dzd , hts GNSS
MisOIls d ydzd = ¢
Yz’ g O dels d3ds
odmtsC &z
Ists+# n S AVRE

L GBBHY J dats

—cTIg3 T

(O]
s M
dmls
J Isto
4 s
s &k
ERS
¢ dz
‘ Iso J
HEG TS
JL y
dz'
Is

il v ==
IF OO

o2 ®ax

J
Is !
dz' mis:

dzd L

o j dzd S d 1

(zts Is daof = - o K tsdz®d3'] Rdzd -

mMjtcj Hisa dh |

o i

zdpvozts M 2d dzddz” y j deLO tedsdfj hodHGC
dziz, O B P GLtsy sy slsigpbB @ &' Mis
sPddls sy wv T s tej) Of detidfrisidzts 0 O
ISt fdady L zgtetsy C JGNSS |
o tc s t6 jdzizj dz'tcX@dy ') d Mes® digf &' dzts !
Cdistf § delhOy" * & Ol i3s MW j tocdzd
s @O dz'f He@§ 'IsS'dsy dzts @ 5 € 15 dzldtc ts dz! dz
'L 3jLdz" Wetpls phus@ls datiZy o5 L lze d,
HE&HEB | dGddzEdsts € Otcls HJ WSt
IS jozls jj dg jteldste ouizled = U B ©deG s mis '
' g Ok dg Joydis ts telff thds Odizdiay dz- ( ¢ §
C t5 didistg Blafz'C Is zo Iz LHddRYe d ~ Is s Y ts
o dgjf dgdgiz H2 € dzO ftj didis'M G @aqZj C Ot
BUBME o § - & )y JHEORS , LHQOARSSAZM Is |
o3z 1070 ‘Is df ) i 1§ - s do dEasiz ‘Gatp - IS Y Y O di
L 5§ te®Hz] fzts o O dzdfi dinf 9" ' IsydL c
sz OO dzdzt STz dglf ~ W dzB dzo IsOls C

Olsas G @A MIs ‘'dzls j e Oy " W
L' fMmls

jdgp ¢ Hts'd dz s dzO Csted s
Ciploal S teslz' te Afyj tQj: H £ B[ ds to d fiyls ©
Ok zEB tgd B " figdicdids jtsdgzO M h Is O B dats
WLl fots i Istodisdes o Bz E 9 Otcls ' Mis
G N S59)/' dizs o jOdizday Qglzdzy o H dzv
i tc d alzZdvdaj § dizts & COdz Btolzo O
JeHdzfipts € sin D 6 ks datze ©2O0C Sdals Is d
9" HAB IsC OR LOBJ L jykz’ s
G cOaals tfp)jlsdzts zOls § dzls dzts iy ls
dirfiiztsuddffjns * ts oo@jditsts "o d d3stse d N tsH
ts 9 ddcdsis did w@dt'tsdzlz \ did itz (f ste
M/l W®S ¢ o O dzdz" , 6 j ¢ zO i) dzls
A BlzIOdyg o QA Fic 1 spufd ) wWE s
Gnd frHsdpvdg' tcisls j fotefOyte j' H ¥ j dzdzv .
sl Jsth) iz} Hdp'j .dzdg” ts & HHsjydztsiz! dzts L
ietsOy gt @ J s SCtedIsdn B
df jtstdce’ ro" davodis sdats 2 dzttys ¥dzC d o
j dzfs g tizls ¢ "W@dadsd d B i3evGiT 0 2 f tot
s BPERZEHIs ' ' o L HIRdds®Is * of tsdzo |
dgdo Mt stz dz OdisdO y * B jdisfsH * & N s
tH e G s Tty . Odes BOdz" 2 k&
this s tizd B ozj olzdzd3s’ tcf BOUa H Iz to dz
| GOR S dzizo Odedis,d ydadss, §° Ho dh
dd) aiz@is G teizd = 'te j BYMPOBL OB 50 Odz
sk s sted &z O L &g ydzd s
agPO®R € ®@" dps  dg'tsy dgO tdas wiatizd B3 tc
HPCS/ SBAS

]

B' todzd S dzOkC o dr % Owald

113



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

CidmsS odSstedmlsOddn HYJtj d

1. 1 jte) Qo dz® Mz B O VSO dzd L f dIlsOdz GJBHJL
9 J B M ORLkhitps://www.land.gov.ug/ H OISO L o jtedgj dzdzgv: 01. 09. 2025)

2. FabrisM., FlorisM. Integrated GNSS and insar analysis for monitoring the shoulder
structures of the MOSE system in venice, it&lgmote sensing2025. Vol.17, No.6. P.1059.

URL: https://doi.org/10.3390/rs170610&®%ate of access: 18.08.2025).

3. FerrettiA., PratiC., Rocca. Permanent scatterers in SAR interferomeEE
transactions on geoscience and remote sensigp0l. Vol.39, No.l. P.8i20.
URL: https://doi.org/10.1109/36.8986§date of access: 18.08.2025).

4. Gis technologies in land valuation: european experience for improving ukrainian pfactice
|. Sadovyy et alMunicipal economy of cities 2025. Vol.3, No0.191. P.440 446.

URL.: https://doi.org/10.33042/252P80920253-191-440-446 (date of access:0.08.2025).

5. Groundbased InSAR and GNSS integration for enhanced dam moniforing
M. Rebmeister et aBpplied geomatics2025. URL:https://doi.org/10.1007/s12548500622
w (date of access: 11.08.2025).

6. HansserR.F. Radar interferometry. Dordrecht Springer Netherlands, 2001.
URL: https://doi.org/10.1007/306-476339 (date of access: 11.08.2025).

7. ldentifying wind turbines from multiresolution and multibackground remote sensing
imagery/ Y. Zhai et al.International journal of applied earth observation and geoinformatif?4.

Vol. 126. P.103613. URLhttps://doi.org/10.1016/j.jag.2023.1036{&te of access: 01.09.2025).

8. Klobuchar J. A. lonospheric Tirrielay Algorithm for SingleFrequency GPS Users.
IEEE Transactions on Aerospace and Electronic Syst&a8y. 23(3). 325331.

9. Leick A., Rapoport., TatarnikovD. GPS satellite surveying. Hoboken, NJ. US#ohn
Wiley & Sons, Inc. 2015. URLhttps://doi.org/10.1002/97811190186(LHAate of access:
02.09.2025).

10. LichteneggeH., HofmanAWellenhofB., WasleE. GNSSi global navigation satellite
systems: GPS, GLONASS, galileo, and more. Springer. 200%.518

11. Mohylnyi S., KhainuD., Vynohradenkd. Analysis of the accuracy of cadastral surveys
using UaVsUkrainian journal of applied economics and technolog924. Vol.9, No.1. P.146
151. URL:https://doi.org/10.36887/241845320241-24 (date of access: 04.09.2025).

12.0verview and analysis of ground subsidenc
on synthetic aperture radar interferométiy. Wang et alRemote sensin2024. Vol.16, No.9.

P.1548. URL:https://doi.org/10.3390/rs1609154date of access: 18.08.2025).

13. PetrovL. Study of theatmospheric pressure loading signal in very long baseline
interferometry  observationdournal of geophysical research 2004. Vol.109, BS3.
URL.: https://doi.org/10.1029/2003jb00250fate of access: 04.08.2025).

14. Petit G., Luzum B. (eds.)ERS Conventions (2010)ERS Technical Note No. 36.
Frankfurt am Main: Verlag des Bundesamts f ¢r
15. Review of PPPRTK: achievements, challenges, and opportunitdésLi et al. Satellite
navigation 2022. Vol.3, No.1. URL: https://doi.org/10.1186/s430Zx22-000899 (date of access:

16.08.2025).

16. RTKLIB: an open source program package for GNSS positioRmgLIB: An Open
Source Program Package for GNSS PositionibdrL: https://www.rtklib.com/date of access:
16.08.2025).

17. SeebelG. Satellite geodesy: foundations, methods, and applications. de Gruyter GmbH,
Walter, 2008.

1B tcdzd & dzOkSCsodnm 3 0923
114


https://www.land.gov.ua/
https://doi.org/10.3390/rs17061059
https://doi.org/10.1109/36.898661
https://doi.org/10.33042/2522-1809-2025-3-191-440-446
https://doi.org/10.1007/s12518-025-00622-w
https://doi.org/10.1007/s12518-025-00622-w
https://doi.org/10.1007/0-306-47633-9
https://doi.org/10.1016/j.jag.2023.103613
https://doi.org/10.1002/9781119018612
https://doi.org/10.36887/2415-8453-2024-1-24
https://doi.org/10.3390/rs16091548
https://doi.org/10.1029/2003jb002500
https://doi.org/10.1186/s43020-022-00089-9
https://www.rtklib.com/

1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

18. State service of ukraine for geodesy, cartography and cadastre (stategeocadastre) |
eurogeographic&€uroGeographics  URL: https://eurogeographics.org/member/stxeviceof-
ukrainefor-geodesycartographyandcadastrestategeocadastr@ate of access: 14.08.2025).

19. STEP1 science toolbox exploitation platforrSBTEPT Science Toolbox Exploitation
Platform URL.: https://step.esa.int/maifdate of access: 04.09.2025).

20. The use of GIS technologies for geodetic monitofibgD. Khainus et allOP conference
series: earth and environmental science2023. Vol.1254, No.l. P.012137.

URL: https://doi.org/10.1088/17556315/1254/1/01213(tlate of access: 04.09.2025).

MO2 gl Istcts 1 Zdlstesoady, COdHdHOI JjCtdasdz’ ydedrmr dzOESC, HEYJ dzls
tod MeteMOBd, GEiJBHIL' O COHOMItelz, [ jtyOodzd?2 B tSlsjn dzsdzsc
ORCIDID: https://orcid.org/000@001-60971464 v j dr38:(095) 92651-19. E-mail: dmitry.khainug@gmail.com

fseddz dzd?2 wjtec' 2 J it Itsody, HBCItt Isjnrdd ydzedres d2OEC,
o] MteMOBBd, cGitsHjL' =~ 1O COHOMIE, JjttyOodzd?2 B' BIs]n dtdsc
ORCIDID: https://orcid.org/000@00301585672 E-mail: mogilnyy.sg@gmail.com

l ddzsctcOH jdz¢ 58 wjtee’ 2 [dzf SMOdzHtetsady, COdzHdHOL J ¢ tdsdy yded
Ly dz deddzd ted MetemMOdBd, GJitsHiL' IO COHOMIStelZ, 7 Jt) Oo ded?2
ORCIDID: https://orcid.org/000@00285206504 v j d#38:(098)46504-18.

E-mail: s.vinogradenk@5@gmail.com

sOf " desfyp | OOdz' v [ dzj $MOdzH e’ 9 dzO, GCOdzHdH O JjCdesdy ydzd = dzO
Ld d@gdzj EMmilstetss , wbkzdii! Cd2 dzOy' 5dzOdz' dzd DROIO: Btipdzdrdid.olmMo0e j emdls §
000293545311.5 j dz. : + 3 572 E6nkil) natalidlpinog@snaueduua

Khainus Dmytro PhD (Econ.) Associate Professor, Department of Land Resources Management, Geodesy and
Cadastre, State Biotechnological University, Kharkiv, Ukra®RCID iD: https://orcid.org/0000001-6097-1464

Tel.: +38 (095) 9261-19. Email: dmitry.khainus@gmail.com

Mohylnyi Serhii Dr. Sc. (Tech.) Professor, Department of Land Resources Management, Geodesy and Cadastre,
Kharkiv State Biotechnological University, Ukrair@RCID iD: https://orcid.org/000000301585672.

E-mail: mogilnyy.sg@gmail.com

Vynohradenko Serhii PhD (Econ.) Associate Professor, Department of Land Resources Management, Geodesy and
Cadastre, Kharkiv State Biotechnological University, Ukra@RCID iD: https://orcid.org/00600028520-6504

Tel.: +38 (098)465-04-18. Email: s.vinogradenkol5@gmail.com

Nataliia Kapinos PhD (Econ.) Associ®eofessor, Department of Geodesy and Land Management, Sumy National
Agrarian University, Sumy, Ukrain©RCID iD: https://orcid.org/000000293545311. Tel.: +38 (066) 5695-22.
E-mail: nataliia.kapinos@snau.edu.ua

slsOlslss fwd2dmiss 18

1B tcdzd & dzOkSCsodnm 3 0923
115


https://eurogeographics.org/member/state-service-of-ukraine-for-geodesy-cartography-and-cadastre-stategeocadastre/
https://eurogeographics.org/member/state-service-of-ukraine-for-geodesy-cartography-and-cadastre-stategeocadastre/
https://step.esa.int/main/
https://doi.org/10.1088/1755-1315/1254/1/012137
https://orcid.org/0000-0001-6097-1464
https://biotechuniv.edu.ua/person/hajnus-dmytro-dmytrovych/dmitry.khainus@gmail.com
https://orcid.org/0000-0003-0158-5672
https://biotechuniv.edu.ua/person/mogylnyj-sergij-georgijovych/mogilnyy.sg@gmail.com
https://orcid.org/0000-0002-8520-6504
https://biotechuniv.edu.ua/person/vynogradenko-sergij-oleksandrovych/s.vinogradenko15@gmail.com
mailto:nataliia.kapinos@snau.edu.ua
mailto:dmitry.khainus@gmail.com
mailto:mogilnyy.sg@gmail.com
mailto:s.vinogradenko15@gmail.com

1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

)9S wyl1 RYl RE Ul ¢ el v (273)

v $621.314

{efifrIJoovw [Lrrfo)lérrc Jrsvt{fofrwosrrm 1t A4
lrfrsvit JurmiwylRM R OMm wy &R JIR[IR Ul ¢ &A

[todsj Cd@ Sy debyf) cegkf, SCOdm. lsy Fddze @pSda .

FEATURES OF MODELING ELECTROMAGNETIC PROCESSES IN ELECTRICAL
SYSTEMS WITH POWER TRANSFORMERS

Dr. Sc. (Tech.) V.H. Yahup, Dr. Sc. (Tech.) K.V. Yahup,
Cand. of Technical Sciences \P. Nerubatskyi

DOl:https://doi.org/10.18664/19947852.213.2025.341845

b detslsOyYf yYiIstss fMisOlsls "’ ‘ Hisfydz' H Y j dadaw d dzj CIste
ddzi Clstetslsjandz ydzg' 2 MmMdMmlsj 3 L Mddzseddz IsteOdzM¥ tstc dzO
MCZOH jdzs’™ L O Btede' dzgOdz! dzgddz Odze stcdls B3 W stc Bz o O
B stsr fs5CteOn j dadzgVj difjt€CsQatsdfostiyls Oy Odzdz? © "' H dgj toj "
stcOdzeMW stcdzOIststc® L OoaHWSd MddsjIstclzo Odadzs tej 3y d Bz, |
BOIs j di3OIs d ydzd A L Odzj 3 dztsfyls § 2 3" Mistclz 3O A3 , dz
stcOdzMY stcd3OIsstc’ © k BEFEBZzdODdtc| Y § O vEdr o dL dzOy.
shdestse ' OdzOdz' Lz ydrmr L Odzj ydesisj 2 B tokzdzlstso OdzO s
wWeCO odL dzOyo CsjW' y' " dals LeodwLCk fjtoo ddadets’ Is ©
9 ' HdzsMmdz L dzOy g dedz? MistczBif clEdsdzshstetsiss SdatmkzL Odid ¢
LOMissmizo Odzdz?y L Of tetslf scetso Odzts’  Wistedzdzd Hdzw o dL
StcOdzMW SteZOIssiO totsL tots dzj dzgs Odze stedlsdz toisL 6OR 2 dzl Iz
totsL tcORlzdzCd HOB ! Ld3sclkz [ @) WG Fo disdaq wgj RdzWs tcfORuNG
Hs Ctdfos Isj teded n ftesetcOd3 H dzw B Hj dzt 9 Odzdg™ J d

bicOdh? SciOl s s d. 1 Of etsf sdgtso OO  Bj ssHICO o
bteOdzMY stedOlstste’ © o' His' Ldg" s W o' H p@lskEIdT. dsf ds
fMlsOlsj2 ' dcdscwoW' 2 ‘L LOLdOyj ds' f(essdj dd {

ftedLojdzd HB lstedBOdd L OL &OYj ds’ ¥ stedkzdd. X,
Oz stedls iz o dL dzOYj dedz® § OteOBRj ste’ o BEH j Hzj B 6 jskeduz
ftsdztsy j dzdzv Htsfpdz" Hy Jdzdzw f jtejo ' tojdz dzO o' L zZOdz dzd
jdzj SstesiOcds Isdz  fsyjfd o Mdmlsjd L ] Od dz
jd&zj Stesf sMsOUOddY L Od Lddy' L& kiscts nstkzdkkz.
LOf s sdzso Odgséts BjlssHE L € &OMdudedds § 56 OL Odzd
f OtO®Rj bteOR], odLdOyjdddd LO dssdd &jlstsHsd. A

By ssHdCk H&zY fwOSIdyudzdr GBLEBEOREZMS o L ¢ dzO\
B3 fMdsv f slsky dz IsteOdzmW ste BOIststed .

sdzs Yse ' jigshloesls j 5 d2 ydz® fdfylsj 8O, j dzj S stetsd
stcOdzmMi stecd3OIstste, L OMlskzy d&zO Mrj B3O, §O0MYtstlsds H O

1B tcdzd & dzOkSCsodnm 3 0923
116



1B  tedzd ¢ dOkSCtsoadr ftOY! vVSELO deff! CSEB Hj o)y Oo desEts L

Abstract.Electrical systems with power transformers represent an important class of devices
in electric power engineering and power electronics. Correct consideration of transformer
parameters when studying electromagnetic processes in such electrical systemexisemely
important issue. Usually in engineering practice, a transformer is described by a number of
parameters called passport data. However, when modeling processes in modern computer software
packages, it is necessary to determine additional modelnpeters, which also degend on the
equivalent power transformer circuit adopted in the modeling system. The task of obtaining such
parameters is associated with the need to ensure the required accuracy and adequacy of the
transformer model. The purposetbé article is to study electromagnetic processes in an electrical
system with a power transformer based on a transformer model compiled according to the original
algorithm for forming its topology and determining its parameters with the aim of imprtwng
performance of power supply from the network and the operating conditions of the power transformer
itself due to mode balancing. The methodology of the article is based on the consideration of
mathematical dependencies between currents, voltages avelpof transformers in typical test
modes, for which passport data are determined. Based on the analysis of these dependencies, a simple
formula is justified and mathematically proven, which determines the coupling coefficient of the
primary and secondanyindings of the transformer through the relative values of tRead current
and shoricircuit voltage. As a result of applying the proposed formula for determining the coupling
coefficient of transformer coils, an algorithm for calculating the pararsaiéa transformer model
has been developed. These calculations allow reducing the determination of the parameters of any
transformer models to computer programs for modeling an electrical system with a power
transformer. The proposed method for deterngrthe parameters of transformer models differs from
the known methods presented in the technical literature. A review of articles and monographs on the
specified problem showed the absence of similar studies that would lead to obtaining the specified
formula. This gives originality to the proposed algorithm for determining the parameters of
transformer models. The proposed theoretical provisions of the study were tested on visual models in
the MATLAB system. Electromagnetic processes in a system withpaweaful transformer for AC
power supply of railways were analyzed. The results of modeling and comparison of the proposed
method with the classical one showed high adequacy and accuracy of the models with the parameters
determined by the new method. STimakes it possible to apply the proposed method for practical
calculations when compiling models of electrical systems containing powerful transformers.

Keywords:electrical system, electromagnetic processes, power transformer, equivalent circuit,
passport data, model parameters.
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