
 

  



 

«Science & Research Methodology – 2025» 

1  

Proceedings 
Ukrainian Scientific and Practical Conference 

Science & Research Methodology – 2025 
 

Editor-in-Chief: Doctor of Technical Sciences, Professor, Constantine BAZILO  

In charge for the issue: Ph.D., Assistant, Anna TOPTUN 

Organizing Committee   Conference research topics 

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 

 

 

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) 

 Articles are published in 

the author’s original version. 

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 

 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. 

 

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



 

«Science & Research Methodology – 2025» 

2  

CONTENTS 

 

  

Yuliia HEORHII 

DETECTION AND MITIGATION OF AI-DRIVEN ATTACKS 6 

Ivan GUZMAN, Viacheslav TUZ, Ruslana TREMBOVETSKA 

RESEARCH OF THE INERTIAL NAVIGATION SYSTEM 9 

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 

СOMPARATIVE 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 



 

«Science & Research Methodology – 2025» 

3  

 

  

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 51 

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 



 

«Science & Research Methodology – 2025» 

4  

  

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 



 

«Science & Research Methodology – 2025» 

5  

  

Yegor ANTAS, Oleksandr VASYLKIVSKYI, Oleksandra SEREDA, Ievgen 

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 



 

«Science & Research Methodology – 2025» 

28  

UDC 004.891.1 

 

Eduard Bed, post-graduate student at the Department of Instrumentation, Mechatronics and 

Computerized Technologies, Cherkasy State Technological University 

Viacheslav Tuz, Cand.Tech.Sc., Associate Professor at the Department of Instrumentation, 

Mechatronics and Computerized Technologies, Cherkasy State Technological University, e-

mail: v.tuz@chdtu.edu.ua 

Volodymyr Halchenko, Dr.Sc., Professor, Professor at the Department of Instrumentation, 

Mechatronics, and Computerized Technologies, Cherkasy State Technological University, 

e-mail: v.halchenko@chdtu.edu.ua 
 

RESEARCH ON FLIGHT ROUTING DEVICES FOR UNMANNED AERIAL VEHICLES 

 

Abstract. The aim of the work is the development and research of methods for pre-flight optimal 

planning of flight routes for light unmanned aerial vehicles (UAVs) considering the influence of 

constant wind and limitations on flight duration. The relevance is driven by the fact that for light 

UAVs, the airspeed is comparable to the wind speed, which makes accounting for wind a critical 

factor for efficiency. Traditional routing approaches that ignore wind lead to suboptimal solutions 

and excessive energy consumption. In this work, routing problems (for closed-loop and open-loop 

routes, equivalent and weighted points, fixed or selectable start/finish points) are formalized as 

Boolean linear programming problems. To solve them, a computationally efficient procedure of 

iterative exclusion of "subtours" is applied. A parametric analysis was conducted, which shows that 

open-loop routes, unlike closed-loop ones, can demonstrate a time gain due to a "tailwind". 

Key words: AV, light UAVs, flight routing, route optimization, wind influence, Traveling 

Salesperson Problem, Boolean linear programming, CPLEX, open-loop route. 

Introduction. Unmanned aerial vehicles (UAVs) are actively used to solve a wide range of 

civilian tasks: monitoring, aerial photography, pipeline control, in agriculture, and for cargo delivery. 

Effective execution of these missions requires solving the flight routing problem at the pre-flight 

preparation stage. For light UAVs (including micro- and mini-classes, such as multicopters), this task 

is complicated by the fact that their airspeed (50-150 km/h) is comparable to the wind speeds at which 

operation is permitted (up to 65 km/h). Ignoring wind, as is done in classic formulations of the 

Traveling Salesperson Problem (TSP), leads to significant errors in flight time estimation (up to 30-

40%) and suboptimal energy consumption. Taking wind into account makes the problem asymmetric. More 

complex scenarios, such as limits on total flight duration or visiting weighted (prioritized) points, require 

powerful formalization methods, such as Boolean linear programming. 

Methods and Materials. In this work, a systematization of routing tasks for light UAVs, 

considering wind, was conducted, classifying them by route type (closed-loop/open-loop), presence 

of constraints (in particular, on time), and point type (equivalent/weighted). 

To solve these tasks, a unified approach based on formalization as a Boolean linear 

programming problem is applied. To avoid the computational complexity associated with the 

exponential growth in the number of constraints (which exclude subtours in the TSP), a procedure of 

iterative exclusion of "subtours" is applied. 

Open-loop routes in a constant wind field were studied. Unlike closed-loop routes, for open-

loop routes, the start (s) and finish (f) points are significant. Four options were considered: s/f are 

fixed; s is fixed, f is selectable; s is selectable, f is fixed; s and f are selectable. A parametric analysis 

of the influence of wind speed and direction was conducted. It was established that open-loop routes 

(unlike closed-loop ones) can demonstrate a time gain with a "tailwind" (Fig. 1). 
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Fig. 1. The time of the fastest route traversal (n=10) on an open-loop route depending on wind parameters, 

demonstrating the "tailwind" effect 

Routes with a limitation on flight duration (Tallowed) were studied. 

For equivalent points, the problem is solved in two stages: 

1. Maximization of the number of points (n*) that can be visited within time Tallowed; 

2. Minimization of the flight time (Tactual) among all routes that include м points. 

For weighted points (with weight coefficients pj), the criterion is the maximization of the total 

value 
j ijp x  while adhering to the Tallowed constraint. 

It is shown that problems with time constraints often have multiple optimal solutions (a Pareto 

set), which allows for further optimization based on additional criteria. 
A software package "UAVRouting" is described, implemented in MATLAB with a core based 

on CPLEX. Comparative testing of three software and algorithm variants was conducted (Fig. 2). It 

was established that variant 3 (CPLEX + iterative subtour exclusion) is the most effective, allowing 

for the stable solution of problems with dimensions up to 165 points. 

 
Fig. 2. Dependence of the average computation time on the number of points for three software variants 

Conclusions. A series of new problems for optimal flight routing of light UAVs in a constant 

wind field were formulated and solved, including open-loop routes with the possibility of selecting 

start/finish points. It was proven that for open-loop routes, unlike closed-loop ones, a "tailwind" effect 

exists. A methodology for planning routes considering flight duration constraints was developed, 

which allows for maximizing either the number of equivalent points or the total value of weighted 

points. A procedure for finding the Pareto-optimal set of solutions for such problems was proposed. 

The "UAVRouting" software package was developed and implemented, which uses an effective 

computational approach (Boolean linear programming with iterative subtour exclusion based on 

CPLEX), allowing for the stable solution of large-scale problems (up to 165 points). 

  


