Ukrainian Scientific
and Practical
Conference

! f
‘‘‘‘‘‘

/ «$cience & Research
\ Methodology — 2025

IIII

.....




.
/ ™\

SRM «Science & Research Methodology — 2025»

Proceedings

Ukrainian Scientific and Practical Conference

Science & Research Methodology — 2025

AW

" ~— _/ S~ /T:):°

Editor-in-Chief: Doctor of Technical Sciences, Professor, Constantine BAZILO
In charge for the issue: Ph.D., Assistant, Anna TOPTUN

Organizing Committee

Oleg GRYGOR, Doctor of Political Sciences, Professor,
Cherkasy State Technological University (ChSTU),
Cherkasy

Emil FAURE, Doctor of Technical Sciences, Professor,
Cherkasy State Technological University (ChSTU),
Cherkasy

Maksym BONDARENKO, Doctor of Technical Sciences,
Professor, Cherkasy State Technological University
(ChSTU), Cherkasy

Constantine BAZILO, Doctor of Technical Sciences,
Professor, Cherkasy State Technological University
(ChSTU), Cherkasy

Viacheslav TUZ, Candidate of Technical Sciences, Associate
Professor, Cherkasy State Technological University
(ChSTU), Cherkasy

Liudmyla USYK, Candidate of Philological Sciences,
Associate Professor, Cherkasy State Technological
University (ChSTU), Cherkasy

Anna TOPTUN, Ph.D., Assistant, Cherkasy State
Technological University (ChSTU), Cherkasy

Conference research topics

Theoretical and Methodological Foundations
of Scientific Research

Interdisciplinary Research Methodology

Methodological Aspects of Innovative
Technologies

Empirical Methods in Scientific Research

Ethical and Legal Aspects of Scientific
Research

The Ukrainian Scientific and Practical Conference
""Scientific Research Methodology — 2025™"

The Ukrainian Scientific and Practical Conference "Scientific Research Methodology — 2025" provides a platform for multi-
dimensional discussions on theoretical concepts and methods in modern scientific research, approaches and integrated
methods deployed in various scientific disciplines to solve complex problems, state-of-art methods and tools for investigating
latest technologies and their impact on scientific activity, quantitative and qualitative methods of data collection and analysis
in various scientific disciplines, and legal aspects related to intellectual property and research publications.

Address
(Organizing Committee)

Ukraine, 18006, Cherkasy,
Shevchenko Blvd., 460,
Cherkasy State Technological University (ChSTU),
IMCT Department
SRM-2025 Organizing Committee

Approved by the Academic Council of
Cherkasy State Technological University,
Protocol 6 of November 17, 2025

Articles are published in
the author’s original version.

The editorial board’s vision does not always coincide with the
authors’ position.

The authors of the published materials bear full responsibility
for the selection and accuracy of the facts and quotes provided,
economic, statistical, and technical data, proper names, and other
information presented.

The editorial board is not responsible for the accuracy of the
submitted material but reserves the right to abridge and edit the
submitted materials to be optimally presented to the readers.



/N

SRM «Science & Research Methodology — 2025»

CONTENTS

Yuliia HEORHII
DETECTION AND MITIGATION OF AlI-DRIVEN ATTACKS

lvan GUZMAN, Viacheslav TUZ, Ruslana TREMBOVETSKA
RESEARCH OF THE INERTIAL NAVIGATION SYSTEM

Vitalii VIAZOVYK

FEATURES OF RESEARCH ON OZONE PROCESSES FOR ABSORPTION
PURIFICATION OF GASES FROM NITROGEN OXIDES

11

Tymofii PYLYPENKO, Viacheslav TUZ

UTOMATIC PUMP SPEED CONTROL SYSTEM FOR ACCURATE AND SAFE
LIQUID FILLING

14

Yevhenii USENKO, Viacheslav TUZ

ANALYSIS OF DOMINANT FACTORS AND PHYSICAL MECHANISMS OF
INTERLAYER ADHESION IN FDM 3D PRINTING

16

Maksym MANKO, Viacheslav TUZ

COMPARATIVE ANALYSIS OF CLASSICAL AND QUANTUM ENCRYPTION
METHODS FOR SECURE MILITARY COMMUNICATIONS

18

Viktoriia LYTOVCHENKO

DEVELOPMENT OF A RISK ASSESSMENT SYSTEM AND METHODS FOR
MINIMIZING THE IMPACT OF CYBER THREATS IN A REMOTE OFFICE

21

Andrii YAROSLAVSKYI

DEVELOPMENT OF A COMPUTER PROGRAM FOR MODELING THE
ELECTRICAL IMPEDANCE OF A PIEZOELECTRIC CERAMIC TRANSFORMER

24

Oleksandr RYZHAK, Viacheslav TUZ, Ruslana TREMBOVETSKA

DEVELOPMENT AND RESEARCH OF ENERGY INSTALLATIONS FOR SENSOR
NETWORKS

26

Eduard BED, Viacheslav TUZ, Volodymyr HALCHENKO
RESEARCH ON FLIGHT ROUTING DEVICES FOR UNMANNED AERIAL VEHICLES

28

Anton PIROGOV, Viacheslav TUZ, Ruslana TREMBOVETSKA

STUDY OF THE AUTONOMOUS MECHATRONIC MODULE OF THE CAR
CONTROL SYSTEM

30

Vitaly ZAVALNYUK, Viacheslav TUZ, Ruslana TREMBOVETSKA

IMPROVING THE QUALITY OF X-RAY DIAGNOSTIC IMAGES IN MATLAB
ENVIRONMENT IN AUTOMATIC MODE

32

Artem ANDREOLI, Viacheslav TUZ, Constantine BAZILO

RESEARCH OF A HYBRID WIND-SOLAR-DIESEL SYSTEM FOR AUTONOMOUS
ENERGY SUPPLY

34




AN

SRM «Science & Research Methodology — 2025»

Serhii OSADCHYI, Viacheslav TUZ, Ruslana TREMBOVETSKA
AUTOMATED SYSTEM FOR CORRECTING MEASUREMENT ERRORS IN

LIQUID FLOW METERS 37
Kyrylo YURKIN, Viacheslav TUZ, Ruslana TREMBOVETSKA
AUTOMATION OF ELECTRIC SPARK TESTING OF CABLE PRODUCTS 40

Roman BATEKHA, Viacheslav TUZ, Ruslana TREMBOVETSKA

RESEARCH ON AN AUTOMATED ACCESS CONTROL SYSTEM BASED ON
FINGERPRINT BIOMETRICS 43

Denys PERKIN, Viacheslav TUZ, Ruslana TREMBOVETSKA

RESEARCH ON AN AUTOMATIC CONTROL SYSTEM FOR A MANIPULATOR
FOR MOVING OBJECTS 45

Vladyslav PRYDATKO, Viacheslav TUZ, Volodymyr HALCHENKO
AUTOMATED CONTROL SYSTEM FOR VALVE-INDUCTOR DRIVES 47

Liudmyla KOMPANIETS, Viacheslav TUZ, Constantine BAZILO
AUTOMATION OF NON-INVASIVE HEALTH MONITORING 49

Mykhailo KRASNOKUTSKYI, Viacheslav TUZ, Ruslana TREMBOVETSKA

RESEARCH ON A WIRELESS MONITORING SYSTEM FOR SERVO DRIVE
PARAMETERS o1

Mykola ONISHCHENKO, Viacheslav TUZ, Volodymyr HALCHENKO

DEVELOPMENT AND RESEARCH OF AN AUTOMATED GAS CONSUMPTION
CONTROL SYSTEM 54

Vitaly ROTAYENKO, Viacheslav TUZ, Ruslana TREMBOVETSKA
AUTOMATED MEASURING STAND FOR SPACECRAFT CONTROL 56

Olha BASARAB, Maksym BONDARENKO

RECONSTRUCTION OF SURFACES WITH SCALE-INVARIANT MORPHOLOGY
USING ATOMIC FORCE MICROSCOPY 59

Serhii BOHDAN, Constantine BAZILO

DEVELOPMENT AND RESEARCH OF AN OPTICAL TELEVISION SYSTEM FOR
MONITORING AIRSPACE 61

Vitalii CHEREDNICHENKO, Volodymyr HALCHENKO

DEVELOPMENT AND RESEARCH OF A COMBINED 3D SCANNER WITH
PRECISE DETERMINATION OF THE GEOMETRY OF DARK AND
TRANSPARENT OBJECTS 63

Ruslan CHUMAK, Maksym BONDARENKO
COMPARATIVE ANALYSIS OF SCANNING PROBE MICROSCOPY METHODS 66

Andrii STEPANENKO, Constantine BAZILO
IMPROVEMENT OF PIEZOELECTRIC DRIVE FOR MICRO-ROBOT CONTROL 70




/N

SRM «Science & Research Methodology — 2025»

Oleksandr STEPANENKO, Constantine BAZILO

RESEARCH ON THE INFLUENCE OF TECHNOLOGICAL MODES OF FORMING
ANTI-REFLECTION COATINGS ON THEIR OPERATIONAL CHARACTERISTICS 73

Liuba KAMIANSKA
COMPARATIVE ANALYSIS OF CLASSICAL AND MODERN APPROACHES TO

INFORMATION STEGANOGRAPHY 76
Olha ZATORA

COMPARATIVE ANALYSIS OF STATE SECRET PROTECTION IN UKRAINE AND

CANADA 78

Vladyslav FAI, Volodymyr HALCHENKO

WEAR CONTROL OF HIGH-PRECISION SLIDING ELECTRICAL CONTACTS IN
LOW-SPEED APPLICATIONS 80

Maksym SOROKA, Constantine BAZILO

ULTRASONIC AUTOMATED SYSTEM FOR CONTROLLING THE ORIENTATION
OF DETAIL EDGES DURING LASER WELDING 82

Maksym TKACHENKO, Volodymyr HALCHENKO
CONTROLLED TWO-SIDED CONVECTIVE-BEAM GRAIN DRYING SYSTEM 85

Constantine BAZILO, Maksym BONDARENKO, Liudmyla USYK, Emil FAURE
AN INTELLIGENT PLATFORM FOR ULTRASONIC ASSISTED EXTRACTION OF

PLANT RAW MATERIALS FOR PERSONALISED NUTRIENT SUPPORT 87
Yevgeny KORSHUN, Volodymyr TYCHKOV, Ruslana TREMBOVETSKA, Volodymyr

HALCHENKO

IMPROVING THE EFFECTIVENESS OF ENVIRONMENTAL MONITORING AND

PROTECTION OF WATER RESOURCES 89

Dmytro TYCHKOV, Maksym BONDARENKO

ANALYSIS OF THE INFLUENCE OF EXTERNAL FACTORS ON THE ACCURACY
AND RELIABILITY OF MEASUREMENTS OF LOW-INTENSITY ELECTRIC
FIELDS USING AN INFORMATION-MEASUREMENT SYSTEM 91

Natalia TYCHKOVA, Volodymyr HALCHENKO, Ruslana TREMBOVETSKA

DETERMINING EFFECTIVENESS BASED ON THE ACCURACY CRITERION OF
THE OPTIMIZATION METHOD FOR RECONSTRUCTING PROFILES IN THE
PCA SPACE 93

Oleksandr RUDENKO

ADAPTIVE OPTIMIZATION OF INDUSTRIAL VENTILATION SYSTEM ENERGY
CONSUMPTION BASED ON MODEL PREDICTIVE CONTROL (MPC) 95

Nikon BUGAYCHUK, Volodymyr TYCHKOV, Volodymyr HALCHENKO, Ruslana
TREMBOVETSKA

ROBUST PARAMETRIC DESIGN OF EDDY CURRENT PROBES FOR ACCURATE
MEASUREMENT OF MAGNETIC PERMEABILITY IN MOVING
FERROMAGNETIC STRIPS USING TAGUCHI OPTIMIZATION 98




/N

SRM «Science & Research Methodology — 2025»

Yeqgor ANTAS, Oleksandr VASYLKIVSKYI, Oleksandra SEREDA, levgen
KHYZHNIAK

REVIEW OF METHODS AND PROSPECTS FOR POST-PROCESSING OF METAL
3D-PRINTED PARTS 100

Heorhii KANASHEVYCH, Yevhenii MALETSKYI, Ihor KOSTIUK, Roman
KUSHNIROV

ETHICO-LEGAL ASPECTS OF DEVELOPING AN ALGORITHM FOR THE
OPERATION OF INDIVIDUAL INTELLECTUAL MEDICAL DEVICES — "LAST
RESORT" DEVICES IN TACTICAL MEDICINE 102

Oleksandr HREBENIUK, Anton ZHYZHKA, Viktor VASYLCHENKO, Andriy LEGA

TECHNOLOGIES FOR APPLYING LUBRICANTS AND COOLANTS AND THEIR
POTENTIAL IMPACT ON THE WEAR RESISTANCE OF THE WORKING

SURFACE OF THE TOOL 105
Volodymyr KOVTUN, Yevhenii ZHYRNYI, Viktor VASYLCHENKO, Oleksandr

KOVALENKO

INVESTIGATION OF THE INFLUENCE OF FUEL OZONATION ON FUEL

ACTIVATION 107

Valentin GORDIENKO, Viktor VASYLCHENKO, Vladyslav VYHOVSKYY, Maksym
HOLUB

RESEARCH OF THERMAL COMPENSATION IN OPTOELECTRONIC MODULE 109

Serhii MATSEPA, Yurii KOVALENKO, Maryna YURCHENKO, Andrii MATIUKHA

MODELS AND METHODS FOR ANALYSIS OF MONITORING DATA OF
ELECTRON BEAM PROCESSING OF OPTICAL COMPONENTS 111

Oles STANKEVYCH

INTELLIGENT SYSTEM FOR THE SMART SORTING OF METALS: A
GENERATIVE ADVERSARIAL APPROACH TO SOLVING THE INVERSE
PROBLEM 114




/N

SRM «Science & Research Methodology — 2025»

UDC 681.518.3:537.212(043.3)

Dmytro TYCHKOV, Scientific Researcher, State Scientific Research Institute for Testing and
Certification of Weapons and Military Equipment

Maksym BONDARENKO, Dr.Sc., Professor, Head of the Department of Instrumentation,
Mechatronics, and Computerized Technologies, Cherkasy State Technological University,
e-mail: m.bondarenko@chdtu.edu.ua

ANALYSIS OF THE INFLUENCE OF EXTERNAL FACTORS ON THE ACCURACY
AND RELIABILITY OF MEASUREMENTS OF LOW-INTENSITY ELECTRIC FIELDS
USING AN INFORMATION-MEASUREMENT SYSTEM

Abstract. This study focuses on developing and validating an information-measurement system
for low-intensity electric fields. It examines the impact of external factors such as temperature,
humidity, and mechanical stress on measurement accuracy and reliability. Advanced experiment
planning using Sobol’s LP.-sequences enabled precise data collection with an atomic force
microscope sensor. Regression models were built and statistically validated to predict field
characteristics under varying environmental conditions. The results demonstrate high measurement
stability and metrological compatibility, highlighting the system’s potential for industrial and
educational applications.

Key words: low-intensity electric fields, measurement system, atomic force microscope, regression
modeling, external factors influence, Sobol’s LP.-sequences, measurement accuracy and reliability.

Introduction. During the study of accuracy and reliability in measuring low-intensity electric fields
amid external disturbances, a key challenge is the predictive monitoring of the spatiotemporal state of a
microelectronic device’s quasi-static electric field. This involves extrapolating past patterns of field
characteristic changes to forecast future values. A highly effective method for this task is developing a
regression model that quantitatively captures how input variables affect measurement outcomes.
Particular emphasis must be placed on experiment design and the careful selection of test points within a
multidimensional space, as the model’s quality and reliability heavily rely on the input data structure.

The primary aim of the work is to develop and analyze an information-measurement system for
accurately and reliably studying static and quasi-static low-intensity electric fields, particularly by
investigating the influence of external factors (such as temperature, humidity, and electromechanical
effects) on the measurement results. This involves creating regression models using advanced
experiment planning methods (like Sobol's LP.-sequences) to quantitatively describe these
influences, ensuring high accuracy and repeatability of measurements conducted with an atomic force
microscope equipped with a proprietary sensor. The work also includes statistical validation of these
models, assessment of measurement stability, robustness under varying environmental conditions,
and demonstration of practical applications in industrial and educational settings

Methods and Materials. In the study of the accuracy and reliability of measuring low-intensity
electric fields, particularly under the influence of external factors influence, a critical task is
the predictive monitoring of the spatial-temporal state of the quasi-static electric field of a
microelectronic device. This task involves extrapolating past patterns of change in the field’s
characteristics to predict future values. A highly effective method to address this is the construction
of a regression model that quantitatively captures the effect of input variables on measurement
outcomes. Careful consideration must be given to methods of designing experiments and the selection
of test points in a multidimensional environment, as the robustness and accuracy of the model heavily
depend on the input data structure. This approach ensures reliable forecasting of field behavior and
improves understanding of measurement influences.

This section presents research devoted to analyzing the influence of external factors on the
accuracy and reliability of measurements of low-intensity electric fields using a developed
information and measurement system. Given the high sensitivity of electric fields to environmental
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conditions such as temperature, humidity, and mechanical stress, experiments were conducted to
assess their impact on measurement characteristics.

A methodology for constructing and analyzing regression models to describe the influence of
external factors (temperature, humidity, electromechanical impact) on the force (electric field
strength) and energy (electric potential) characteristics of low-intensity electric fields is presented.
Sobol's LP.-sequences were used to form the experiment plan, ensuring uniform filling of
multidimensional space and high sample informativeness. Measurements were performed using an
NT-206 atomic force microscope equipped with a proprietary sensor under controlled environmental
conditions. Statistical analysis was performed in the Statistica Data Miner environment using various
types of models, including decision trees, support vector methods, artificial neural networks, MARS,
and classical multiple regression. The best models for predicting responses Y1 and Y2 were selected,
their adequacy was confirmed using Fisher's criteria, t-criteria, and residual analysis, and the models
were deployed to evaluate new data. The results of the experiments showed that an increase in
temperature from 10°C to 40°C (Table 1) causes an increase in electric field tension by 22% for the
measured values and by 20.4% for the reference values. At the same time, the relative measurement
error did not exceed 1.4%. For relative humidity, it was found that an increase in this parameter to
70% causes a decrease in electric fields intensity by 39.89%, which is explained by an increase in the
electrical conductivity of the surface of the studied samples. In addition, mechanical impact within
the range of up to 1500 Pa showed that at pressures above 1106 Pa, there is a significant decrease in
the charge on the surface of the sample due to a change in its mechanical properties.

To assess the accuracy of the measurements, the root mean square error was used, the value
of which varied from 0.018 VV/m to 0.050 V/m, indicating high stability of the results. The probability
of failure-free operation of the information-measurement system was at least 0.945 under optimal
research conditions. The reproducibility of the results was assessed by the standard deviation, which
was 0.056 V/m, and the reproducibility limit did not exceed 0.155 V/m, confirming the high
metrological compatibility of the obtained data.

Table 1. Change in electric field strength with temperature [1]

T, (°C) Field intensity, (V/m) Relative error,
’ Average reference value Average measured value (%)
10 9.55 9.65 1.04
15 9.88 10.01 1.32
20 10.20 10.36 1.56
25 10.53 10.72 1.80
30 10.85 11.06 1.94
35 11.18 11.43 2.24
40 11.50 11.78 2.44

Conclusions. A software-implemented mathematical model and corresponding algorithm were
developed to accurately and promptly determine the distribution of force and energy characteristics
of ultra-low intensity electric fields. This model takes into account their temporal dynamics, spatial
parameters, and the effects of external influences. An information-measurement system utilizing an
atomic force microscope was created to investigate low-intensity electric fields generated in
microelectronic devices during operation, enhancing the precision and consistency of measuring these
characteristics.
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