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Mykhailo FRYZ, BogdanaMLYNKO
Ternopil Ivan Puluj National Technical University

DISCRETE-TIME CONDITIONAL LINEAR RANDOM PROCESSES AND THEIR PROPERTIES

Continuoustime conditional linear random process is peesented as a stochastic integral of a random kernel driven by a process
with independent increments. Such processes are usetiemproblems of mathematical modelling, computer simulation, and processing of
stochastic signals, the physical nature of whigenerates them to be represented as the sum of many random impulses that occur at Poisson
moments. Impulses are stochasticathgpendent functions, in contrast to another wédhown mathematical model which is a linear random
process, that has a similastructure but is represented as the sum of a large amount of independent random impulses that occur at Poisson
moments of time. fie application areas of these models are mathematical modelling, computer simulation, and processing of
electroencephalographicignals, cardio signals, resource consumption processes (such as electricity consumption, water consumption, gas
consumption), adar signals, etc.

A discretetime conditional linear random process has been defined in the paper, the relationships witlesponding continuous
time model has been shown. According to the given definition the diseigte conditional linear random preess can be considered as an
output of linear digital filter with random parameters on the input of the white noise which idimitely divisible distributed. Moment
functions of first and second order have been analyzed. In particular, the expressionsathiematical expectation, variance and covariance
function have been obtained.

The results can be utilized to study the prdbisistic characteristics of the investigated information stochastic signals, which will
depend on the properties of the correspding kernel and white noise. In particular, the conditions for the process to be wielese
stationary have been represented.

Keywords: mathematical model, conditional linear random process, mathematical expectation, covariance function, kernel, white
noise, stationary process.
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RULES AND METHOD OF SUPPORTING THE DECISION MAKING ABOUT THE POSSIBILITY OF DONATION
AND TRANSPLANTATION BASED ON THE CIVIL LAW

Today in Ukraine the problem of transplantation of organs and other anatomical materials to humans is very acute. Every year,
thousands of Ukrainians needrgan transplants to save their lives, but there are only a few transplant surgeries. In developed countries,
organ transplantation is the standard of care for many diseases of the kidneys, heart, liver, lungs and others. Amongsthesreendering
the development of transplantation of anatomical materials to humans in Ukraine is the unpreparedness of the Unified State Itifmmma
System for Organ and Tissue Transplantation (USIST).

According to the author, the functioning of USIST will not be completthauit a successfully developed and implemented module
of supporting the decision making about the possibility of donation and transplantation based on the civil law, which glldeeide on the
possibility or impossibility of donation and transplantatiom a given case considering civil law grounds.

Developed methods of supporting the decision making about the possibility of donation and transplantation based on thencivil
make it impossible to make incorrect (illegal) decisions on the possibility/imsgibility of donation and/or transplantation. The use of the
developed methods increases the level of correctness of the decisions made regarding donation and transplantation.

Thus, the module of supporting the decision making about the possibility otlon and transplantation based on the civil law of
the USIST will allow: rapid and automatic verification of all civil legal grounds for inclusion in the Register of Dondiedrist of persons
for transplantation, respectively; making unmistakable (fro the point of view of civil law) decisions on donation and transplantation;
minimizing the influence of subjectivity and the human factor in making decisions about the possibility/impossibility of ttmmand
transplantation. Therefore, an important andirgent task now is the implementation of the designed module of supporting the decision
making about the possibility of donation and transplantation based on the civil law.

Keywords supporting the decision, rules, donation, transplantation, Unified Staftemation System for Organ and Tissue
Transplantation.
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MODEL AND METHOD OF ASSESSING THE MEDICAL DATA SUFFICIENCY

The conducted stat®f-the-art on known decisions on the use of blockchain technologies in the construction of information
technology for medical data management showed thdgspite a large number of different solutions, effective methods and solutions for
medical data management based on blockchain technologies are currently lacking. Thus, improving the efficiency of med&al dat
management by developing methods of medicatalananagement based on blockchain technologies is currently an urgent problérme.aim
of this study is to improve the efficiency of medical data management by developing a method for assesssndfitiencyof medical data
before placing them in the bickchain.

Models of blockchain block, blockchain fragment and blockchain node, presented in formalized form, as well as models aff medic
data management process (data sufficiency assessment) are developed, which are the theoretical basis for develogihgdaahassessing
the medical data sufficiency.

Rules for determining the sufficiency of medical data have been developed., which provide analysis of medical data io Grder t
all the predetermined necessary elements of medical data; to decide orsuffeciency or insufficiency of information; output of visualized
hints, which data elements are missing, to ensure the ability to quickly add data; quantitative assessment of the suffifieTejical data.

The paper developed a method for assessing ghéficiency of medical data, which provides: the ability to analyze a variety of
medical data for their sufficiency; the ability to quantify the sufficiency of medical data; in case of insufficiency otahefdita in the set,
formation of recommendationson supplementing the set of medical dataas a guide, what information should be added to the set of
medical data to be able to download them to the section "Block data" of blockchain.

Keywords blockchain technology, blockchain block, blockchain blocki@e, medical data, medical data sufficiency.
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ARBITRARY DURATION PULSE SHAPER

This paper considers the possibility of constructing a universal pulse generator based on TTL (transitsistor logic)
elements, which provides pulses of a given duration at the time of entjr¢oinput of the negative edge of the input start pulse (difference
from logical unit to logical zero). The duration of the generated output pulse can be set by the capacitance of one capacitdpes not
depend on the duration of the input pulse. A sificant advantage of the proposed pulse shaper is the high steepness of both the positive
front (difference from logical zero to logical unit) and the negative edge of the generated output pulse (difference fracallemit to logical
zero), which depensl only on the operation time of logical elements and not depends on the duration of both input (start) and output pulses.
This advantage is based on the action of positive feedback at the time of formation of both positive and negative fréve@afgutpulse. In
this case, the feedback circuits in the formation of positive and negative fronts of the output pulse are different, wiesmdballow the
circuit to switch to selfexcitation mode (autogeneration). The advantages of the proposed pulse shégpgh steepness of the fronts with
little complication of the circuit compared to the known capacitor pulse shapers) are determined by using the internal ateicf the logic
elements of the TTL series. This paper also considers the possibility ofirgdtie capacitance of the capacitor by several tens of times,
which determines the duration of long output pulses, due to the introduction of an emitter repeater. The main disadvantéye mfoposed
pulse shaper is the low temperature and time stabiliof the duration of the formed output pulse, which is characteristic of all capacitor
pulse shapers.

Keywords: pulse shaper, pulses of a given duration, pulse duration, TTL.
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BEHAVIORAL MODEL OF DATA BLOCK RECOVERY SYSTEM FOR THEIR REMOTE
DISTRIBUTED STORAGE

A behavioral model of the data block recovery system for their remote distributed storage has been developed. The model was
created based on the method of data recovery ithar their distributed storage in remote storage. The used method allows for restoring
information in case of its loss or damages it is possible to recover a completely lost data cluster, provided there am®nsooerother
clusters, or to recover up tdtee blocks of data on different clusters.

According to the method used, the developed behavioral model provides the functionality of restoring information to the state
requirements. To create a behavioral model, the language of description of integrebedit hardware was used, namely VHDL. The model
provides 5 different devices that combine into one system. During the operation of the model, such functions are perfosnkihgsseveral
systems of equations, sorting, adding two vectors modulo, atopl®ity and speed of execution of these functions provide high potential
efficiency of execution of the set algorithm.

The feasibility of developing a model of this data recovery system is the possible future use of it in distributed statagessylhe
advantage is that the model allows you to recover lost data unnoticed by the user, or a data cluster, computer, etc. lieisahsedeveloped
system must first receive the data stream, identify it, analyze, and if there is no erjust pass it to tke user, otherwise, recover data if
possible. Data recovery requires the following: data, backup blocks, and a backup matrix, which was created during tHezéatitia of the
distributed storage network and stored in the memory of the developed systentase of impossibility of data recovery, the developed
system gives out the corresponding signal.

Keywords: VHDL, distributed data storage, data backup, data recovery.
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ARCHET YPICAL MODEL OF SEMANTIC COMPATIBILITY
OF MEDICAL INFORMATION SYSTEMS PROJECTING

There are a fewdifferent ways to think about semantic compatibility in the context of electronic health records (EHRs). One way
to think about it is in terms of the structure of the data. This would involve making sure that the data is organized iryahaais consisent
with how other systems expect it to be organized. Another way to think about it is in terms of the meaning of the datavothisinvolve
making sure that the data is annotated in a way that is consistent with how other systems expect it to be ardofathird way to think
about semantic compatibility is in terms of the use of the data. This would involve making sure that the data is used iy thatas
consistent with how other systems expect it to be udeach of these approaches has its ownestgths and weaknesses. The approach that is
most appropriate will depend on the specific context in which the EHR is being U$edstructure of the data is the most important factor to
consider when thinking about semantic compatibility. This is becatise structure of the data determines how the data is organized and
how it is accessed. If the structure of the data is not compatible with the structure of other systems, then the datatviiéé aocessible to
those systemsThe meaning of the data is alsimportant to consider when thinking about semantic compatibility. This is because the
meaning of the data determines how the data is interpreted. If the meaning of the data is not compatible with the mearitigeofsystems,
then the data will not be iterpreted correctly by those system$he use of the data is also important to consider when thinking about
semantic compatibility. This is because the use of the data determines how the data is used. If the use of the datangatbleowith the
use & other systems, then the data will not be used correctly by those systengeneral, the most important factor to consider when
thinking about semantic compatibility is the structure of the data. The meaning of the data and the use of the data arnenpisdant factors
to consider, but they are not as important as the structure of the data.

Keywords: medicainformation system, data exchange, semantic compatibility
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ALGORITHM OF SYNTHESIS OF DISCRETE TESTS BASED ON EVOLUTIONARY THEORIES

The complexity of modern digital components and devices as objects of diagnosis, in most cases, ingtessible for experts to
synthesize tests manually in the time allowed to solve the problem of organizing diagnostic tests. This determines theaelevahe
development and implementation of intelligent methods and tools for automated synthesissbEtgiuences. One of the promising options for
the synthesis and optimization of discrete tests is the solution of this problem based on the theory of evolution or gégattbms.

The paper describes an algorithm for the synthesis of discrete testsgugenetic algorithms. The algorithm of realization of
diagnostic experiment contains stages of formation of initial population, crossing, processing of the received resultsesnkdofla condition
of a stop of work of genetic algorithm. The main charaggtics of the algorithm: the type of evolutionary algorithms usedhybrid; method
of generating binary words of chromosome codes by crossing operator from values of diagnostic vectors of elementary ¢eststhibd of
selection of applicants for crossin+ proportional, based on the probability function of fithess and the control operator of the compatibility
assessment; type of crossover operatamiform; the method of forming a new generationthe descendants of crosses of individuals based
on the results of proportional selection and elitistly selected individuals that do not allow crossings under the control operator of
compatibility assessment; the main way to stop the evolutionary algorithithe loss of the ability to implement crossings of imdiuals in
the resulting generation; additional (possible) ways to stop the algorithmlimiting the execution time or the number of iterations
(generated generations).

Key words: technical diagnostics, genetic algorithms, synthesis of tests, digitaletevic
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NatalyaPRAVORSKA, NadiiaHRYPYNSKA
Khmelrytskyi National University

EXPERIMENTS AND USED EVALUATION METRICS USED IN THE DEVELOPMENT OF A LANGUAGE -
INDEPENDENT INCREASE DETECTOR

Experiments and evaluation metrics play an important role in the developmeht languageindependent incremental detector
(MRIP), which will allow to analyze the results of the development and the suitability of the developed algorithm and dewicexperiments
will also provide an answer to the question of evaluating the pem@ance of the developed detector and comparing it with the commercial
SIG approach to clone detection, to explore the benefits that the incremental approach can offer. To get an idea of thegeréo of
MNIDP, it is proposed to run it for five softwargstems (open source), measuring the requirements for time and memory. Also, to answer the
question of expanding and improving the initial approach, by using locally sensitive hashing (LCH), there is a need to endasur
performance of the proposed expansi on the basis of LCH and compatevith the performance of MNIPThe experiments conducted in the
study provided some useful information based on the evaluation of the effectiveness of the proposed expansion on thell@tsisMidre
specifically, in sme cases, compared to the implementation of MNIDP, the stage of creating an index in the approach based on LCH was two,
and in some cases three times slower. A possible reason for this may be the complexity of the MinHash operation, whynkicaatpart of
the overall LCH scheme. This becomes obvious when you consider that the hashing of each tile for each set of tiles ddasigindgimust be
performed by kbased hash functiondt was assumed that the process of incremental implementation stepttenbasis of MNIDP will be
much slower, due to the calculation of index records on the fly. However, in the course of the study, opposite resultbtaiaesl.oln
practice, this was justified by the fact that the similarity threshold used did not causarge number of matches between the source files. To
gain a better understanding of its behavior, there is a need for further research into the relationship of runtime requoretié¢ incremental
implementation step flow based on the LCH and the similatitreshold.

Keywords: language independent detector, incremental approach, locally sensitive hashing, experiment, estimation metrics
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NataliyaSHAKHOVSKA, Andrii SHEBEKO
Lviv Polytechnic N&onal University

DEVELOPMENT OF THE ARCHITECTURE OF DOCUMENT OPTICAL CHARACTER RECOGNITION SYSTEM

This paper aims to develop information technology for document optical character recognition systems. The difficulty of
processing images, which are a s#tpixels, causes inconvenience in working with such data. This problem can be solved in different ways:
usual mathematical approaches, a single complicated neural network, and a set of probfmuific deep neural networks. Usual
mathematical approaches @rform poor with unstructured data like images. A single neural network is like a swiss knife: it can do many
tasks, but none with the best quality. So we will use two differé@ep neural networkseach for the appropriate part of the problem.

The critical elements of this technology are the module for text detection and segmentation of the image, the module for text
recognition in Ukrainian and English languages, the module for parsing multiple keywords, and the module for searchingffinah data.

The first and second modules consist of several machine learning models with specific architecture, depending on theitl taained
models are tested for accuracy and noise resistance and will be used in the future for searching required data freranditfocument
images. Output data of the developed system provide speedup, automation processing images and scans of the documeritse reduber
of mistakes caused by human factor. All data is converted from image pixels into a structured texiseseated in the document, which the
machine can easily use.

We can use such technology in banking and insurance, where we can send images of documents and they will be automatically
processed and converted into user name, surname, date of birth, serfabeu, and required fields for specific services.

Keywords: optical character recognition, recurrent neural networks, imagmalysis
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RESEARCH OF METHODS OF SEARCHING KEY FRAMES IN VIDEO FLOW WITH THE USE OF NEURAL
NETWORKS FOR SEARCH SYSTEMS

The paper presnts a comparative analysis of current research in the field of data analysis in the format of video content and
regarding it, that effective methods of analysis of these data are methods of search keyframes in the video stream. This ahalys that
the application of a method of processing visual data is determined by the structure of this data. Therefore, in order to githelifanalysis,
they were divided into the following categories: consistent comparison; global comparison, based on clusterihthose that use events or
objects. Especially valuable are the methods of comparing and matching matches (fragments), namely: methods of sequerite searc
(detection of objects or certain actions on frames); methods of classifications (determining thieebof personnel and their distribution to
certain categories); frame decoding methods (description of the characteristics of a particular image) and methods for idgtectomalies
in the video stream (search for objects, characters that are unique prape of the fragment relative to others). It shows that the most
optimal of the considered methods there are methods that are based on technologies of artificial intelligence and machine leanurajsé\
shows the difference and efficiency of deep léagnmethods in relationtd I T OAT OET 1 Al 1 AOET AOG8 0AOOEAODI AOi L
the implementation of which is to model the temporal dependences of the variable range using convolutional neural netwatisretions
with special attention mecharsms. Methods that use an t&c-Critic model embedded in a Generative adversarial network have also
demonstrated their effectiveness. It is shown that the development of these methods contributes to the rapid developnméotnadition
systems with which you can successfully analyibeo content and recognize its origin.

Keywords: keyframesieural network, unsupervised learning, similarity measure, generatadversarial networks
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CREATION OF OBJECT RECOGNITION AND TRACKING SYSTEM

In modern society, video recording systems have become widespread, allowing them to recognize objects, their,abmsknce
changes in position. In the vast majority of intelligent systems for video monitoring and determining objects through their insamh,
objects as human faces, printed publications, and state registration numbers are taken into consideration. At the sameth@éme,
circumstances for accepting an image are quite strict, since there is a limit on illumination, background, location retatitre lens, and so
on. All this significantly facilitates the joint work of a person with a computand creates the prerequsites for using all kinds of systems of
artificial origin of the mind. The primary goal in the development of a method and software for the automatic design ofea eidrveillance
system is the purpose ofcognizean object whose image is transmitted thugh the camera. Since the image of any object depends on many
moments of its directiorabout the video camera, illumination, characteristics of the recorder, static and dynamic characteristics of the
object, it is rather difficult to arrange and present gicture in the guise of a specific mathematical model. As a result, the methods for
implementing a computer representation are significantly dependent on the goals being solved and are occasionally inferior to
generalization. As a result, the bulk of theesmethodsis considered nodinear. This affects the need to accumulate the calculation of
computer power and the difficulty of algorithms for work acquired through the technical channels of the resulting imagedditian to
technicalindicators that digort the quality of a digital image severalexternal moments are considered, and these are: lighting around the
scene, moving objects within it, etc. As a restdtpbtain the best accuracy of character recognition, it is necessary to take into accollnt a
the details. The aim of this work is to study the topic of object recognition in images and video, in order to furthereusestlits of work in
creating a system for object recognition in images and video.

Keywordsimage,video, object, object deteddn, object tracking,convolutional neural network
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CREATION OF AGE ESTIMATION SYSTEM

We are surrounded by different transmitting and procesgifinformation devices on a daily basis. Analysis of certain selected
characteristics of each person allows humanity to achieve previously unthinkable technological development. In particidruthan face.
We can predict a person's age, determine his mao identify someone in the crowd using modern algorithms. As a "window to the soul", the
human face provides important information related to its individual traits. With the help of this information, a person catemhine such
characteristics as ethnicrigin, gender, age, and emotions, on the basis of which he is able to take appropriate action, which plays a
significant role in norverbal communication between people. Age estimation is useful in applications where you do not need to specifically
identify a person, but we want to know (approximate) their age. With the help of the age approximation system, it is possiblsure en
partial digitalization of security control and monitoring systems. With the help of a monitoring camera, the age estiomatjstem can
identify minors and prevent them from entering places where they are not allowed; not to allow minors to buy tobacco pramuaisohol
from vending machines; to warn the elderly person of possible danger. Age assessment software can alsbibéhaatthcare systems. The
authors personally are interested in approximating human age based on images to personalize humaghine interaction. The paper has
the description and the results of the creation of an age estimation system, the basis df ighacconvolutional neural network. The user can
connect with the system through a simple interface which allows you to upload the image for analysis or turn on the camgea age
estimates in reatime. The practical value of this work is the develapkigh-quality system which is ready for use and implementation in the
relevant fields.

Keywords: age approximation, convolutional neural networks, face.
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RuslanBAHRU, SerhiiPETROVSKYI
KhmelnytskyiNationalUniversity

FEATURES OF MODERN WEB APPLICATION TESTING

This paper investigates the technology and approaches to testing web applications in modamefrorks. The main techniques of
manual testing, which require a large amount of manual work, are consideréde disadvantages of implementing the blabtlox testing
method include the development of a formal specification, and the application of the wiiute testing method requires analysis of software
code.

Particular attention is given to automated testing technologies, which are proposed to be used to develop sites in modern
frameworks.The Test pyramid and test levels are described in detail, andntlaén advantages and disadvantages of each level are analyzed.
At the first level, a set of tests consists of unit tests that verify that an individual unit is working correctly accotditiie requirements of
the specification. At the second level of thetomation pyramid- integration tests check the interaction of a fragment of code with external
components. At the third levelendto-end tests perform testing of various user scenarios, and Ul tests check the correct operation of the web
application interface.

It is proposed to use behavioral development technology (BDD) for automated testing of web applicaB@i3.focuses on
studying problems formulated based on customer stories and the construction of logic and tests based on these problenestsBid® test
worked for integration testing, which involves testing different user scenarios

A dependency injection (DI) design template has been used to improve the efficiency of the web application developmest proces
with tools built into modern frameverks. This template applies the transfer of dependencies to an external, specially designed software
component. Dependence is injected using a special 1oC container.

Keywords:computer science, testing, framework, web applications
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PHENOMENOLOGICAL CRITERIA OF DESTRUCTION

The paper reviews the known deformability criteria, which have become widespread to assess the probabfétjuce in both
monotonic and nonmonotonic plastic deformation.

The most widely used methods of assessing plasticity, in which the dependence of plasticity on the stress state schented des
by plasticity diagrams. The plasticity diagram is an exjiaental dependence of the ultimate deformation on the stiffness index of the stress
state. In most works, this dependence is represented by a flat curve.

The plasticity of metals depends on many factors, namely the nature of the metal and the thermomexigrarameters of the
process. With cold plastic deformation, the main factor influencing plasticity is the stress state and the law of its ctiange loading.

To quantify the impact of stresstateon the probability of failure using failure criterialUnder the destruction is understood the
appearance of macrocracks, which leads to irreparable damage to the product.

A common disadvantage of the known deformation criteria, which are common to assess the probability of failure in both
monotonic and nonmoatonic plastic deformation is that the subintegral functions of these criteria are based on the hypothesis that the
effect of stresstateon plasticity is described by the plasticity diagram and the influence of load histdiat trajectories.

Due to the fact that the plasticity diagrams cover a rather narrow class of stress states, in applied theories of deformability there
is no single approach to estimating the value of the used plasticity resource in the processes of metal forming.

From the performedresearch it follows that at present there are almost very few works in which the dependence of plasticity on
the history of loading is described by spatial trajectories. Therefore, the question of the destruction criteria remainsodeelevant.

Keywords: deformability theory, deformability criterion (destruction criterion), used plasticity resource, ultimate deformation,
stress state, pressure treatment, plastic deformation.
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BogdanBRATSLAVETS
Vinnytsia National Agrarian University

RESTORATION OF PARTS OF AGRICULTURAL MACHINES WITH ZINC -BASED GALVANIC COATINGS

Galvanizing is most often used to protect against amsion. In repair production zinc coverings are used for protection against
corrosion of fastening details and restoration of landing surfaces of lightly loaded detBilsctroplating is the process of applying metal to
the surface of parts by crystallizimpit from an aqueous solution of the corresponding salts (electrolyte) when a direct current passes through
them. An electrical circuit is closed by an electrolyte between two conductors called electrodes. The electrode to whichdhetor of the
external circuit with a plus is attached is called the anode, and with a mintise cathode. The repaired part, on which the metal is built up,
serves as the cathode, and the anodglates, copper, lead, zinc, cadmium and other metals. In electrolysis, sadmolénsoluble anodes are
used. In practice, soluble lead is most often used, and insoluble lead is used only for chromium plating. The preparthtosuoface of the
part before coating (machining, degreasing, digestion) is important for the qualitytied coating.The paper identifies the advantages and
disadvantages of the method of updating parts of agricultural machinery with galvinic coatings based on zinc. This makessiblg to
analyze the results of experiments and evaluate the effectivenéssing this method of restoring parts.

The article presents the technological process of restoration of parts by galvinic galvanizing using an activator and tliesrefs
experiments using graphs of the dependence of the rate of coating on the curegity and the speed of the activatdbetermine whether
the use of an experimental activator will increase the speed and quality of coating on parts.

Keywords: technology, activator, experiment, galvinic galvanizing, reduction, dependence, current demsityosion, cathode
current density.
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Mykola KOSIYUK
Khmelnytskyi National University

COGENERATION DEVICE BASED ON INNOVATIVE TECHNOLOGY
ORGANIZATION OF ORGA NIC WASTE

Thiswork considers the issue of creating efficient and environmentally friendly energy systems based on cogeneration technology.
In industrialized countries, work is underway to develop and implement innovative technology for supercriticaldtlydrmal destruction of
industrial and household waste and highly toxic substances. An extremely important urgent task is the complex solutionpablilems of
creating an autonomous energy complex based on the technology of cogeneration and utilizafiemrganic waste and their use as
renewable energy sources. Theoretical and experimental studies have shown that the method of supercritical hydrothermatiiesthas
high environmental and economic efficiency and demonstrates versatility, providingmete onestage disposal of any organic waste. It is
established that the reaction of supercritical aqueous oxidation of organic matter is exothermic and in the presence oi®2036 of
organic matter the waste processing process becomes autothermal.

Autothermal modes of destruction of organic waste at supercritical parameters of the aquatic environment lead to a high
enthalpy vaporgas mixture, which can be used in the schemes of the autonomous energy complex. Cogeneration units are offered on the
basisof a steam power plant operating on the Rankin cycle and on the basis of a heat engine with external heat supply, whidesopara
closed thermodynamic Stirling cycle. A netandard equipment of supercritical hydrothermal destruction technology is aagiflow reactor.

The conducted research testifies to the possibility of further development of supercritical hydrothermal destruction tedies|doth in
terms of providing increased process parameters and in terms of developing increasingly reliabligiive and safe types of reactors. The
development is based on the replacement of a sifufge coaxial (twepipe) reactor. This reactor design significantly expands the
temperature and barometric performance characteristics, allows to increase the heanhsfer surface and the temperature inside the
reactor, bringing it closer to the external temperature of the reactor wall surface while maintaining performance. The cogtoe unit can

be used to solve energy efficient and environmentally friendlypdisal of organic waste. Allows to solve problems of autonomous electricity
and heat supply of industrial and residential facilities and has significant market potential.

Key words: heat energy, energy efficiency, cogeneration, renewable energy sourcescriiigal state of water, destruction,
oxidation.
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MODERN COATING TECHNOLOGIES

The development of the country is determined by the efficiency of enterprises and organizations, which should simply survive i
difficult conditions, and pursue an active strategy of transformation. Innovations in the technology of protective and demmetal
coatings create the necessary level of competition in the domestic paint and varnish coating.

Innovative development of the country's economy is one of the highest priorities of state policy. The strategy of modemigati
determined by the conslient transition of the economy to an innovative model of development to solve the problem of strategic support for
sustainable and longerm dynamics of innovation processeblowever, today there is no necessary level of competition in the domestic
innovation market and entrepreneurs are aware of the importance of innovation in creating competitive advantages, as well as anaaeleq
legal framework governing relations in the field of innovation. In addition, the generation of knowledge takes place inuthlie sphere, the
application of this knowledge or the implementation of the obtained scientific and technical ressilis the commercial industryMetal has
been and remains the main structural material of the industryjrom means of production to consoer products, and the primary consumer
properties of the product include its appearance and durability. Rust can kill these qualities in a matter of months andsdagsrhaps more
important is the quality of the product itself, and the quality of its dazg.

In this paper, an analysis of modern coating technologies is carried out, the strengths and weaknesses of different coating
technologies are identified.

Keywords: coating technologies, corrosion protection, metal, nometal (ceramic), polymer coating, electrochemical
technologies.
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TECHNICAL AND ECONOMIC JUSTIFICATION OF THE USE OF TURBULA TYPE -EQUIPMENT EQUIPMENT
IN THE PERFORMANCE OF METAL DETAILS DEPARTMENT

The types of shredding equipment used at domestic enterprises to perform the technological operatseparhting parts from
foundries are analyzed. It is established that machines with rotational movement of working tanks have low productivityfoipence of
these technologicabperations. In addition, a lot of time is spent on manual labor, in partamlreloading the working array to the vibrating
screen. The design ttie ATurbulaZtype galvanizing machine with complex spatial movement of the working capacity for the technological
operation of separating metal parts from the foundries is proposedisTtiesign of the machine is realized by combining in one design of the
galvanizing tank (separation of parts from the foundries) and vibrating sieve (separation of separated parts from the foesidi©Operation
of such a structure allows to reduce the tingpent on this technological operation, in particular, by providing convenient and unobstructed
unloading of machined parts without the use of manual labor to overload the working array and further achieve separatioarts fsom

foundries. The fasibility study for the use offTurbulag ANOEDI AT O xEOE AT i bpi Ag ODPAOEAI i 1T O0AT AT O
implementation of the technological operation of separating the metal parts of the "zipper" lock from the foundries wasrpetb o
analytically. The exB AOAA AT 1T OAT AATTT 1 EA AEEAAO Anibilac OBADPE]! OAREGRAEIXIEOEAADEA

movement of the working capacity to perform technological operations of separation of metal parts of the lock "lightningt fitee
foundries wil be 25'688.7 UAH per unit of equipment. The developed design of the machine can be used for any type of parts (metal or
polymer), which are formed by casting. The obtained research results can be used in the relevant design offices of -maitdiimge
enterprises at the stage of designing galvanizing equipment with complex spatial movement of working tanks.

Key words: working capacity, separation, separation of parts from foundries, complex spatial movement.
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SvitlanaLISEVICH, Anatoly ZALIZETSKY, Vasiliy MELNIK
Khmelnytskyi National University

MODELING OF NONLINEAR DYNAMIC SYSTEMS ON THE BASIS
OF THE SYSTEM SENSITIVITY MODEL TO ITS INITIAL CONDITIONS

A typical approach for building and analyzing an object model is presented. It is determined that the tasks of analysidinéao
systems consist of: calculation of transients and established pressietermination of static and dynamic stability of the found processes;
calculation of the sensitivity of the initial characteristics of the system to changes in its internal and external parasdteis established
that the efficiency of the analysias a whole is determined not only by the efficiency of the algorithms of each of the stages of calculation, but
also by the consistency of the mathematical apparatus that underlies them. It is determined that the calculation of tramésergduced to a
problem with initial conditions in which the values of dependent variables are set for the same value of the independeriileanamely
time. It is determined that nonlinear dynamic systems whose models are built on the qualitative theory of generakdiffd equations are
the main tool for solving many practical problems. It is established that this is explained by the following factors: tiserpre of a well
developed analytical apparatus and numerous methods of solving general differential equatibassparency and naturalness of general
differential equations as a mathematical model to describe the process of transition of real objects from one state to rfostbrternal and
internal causes; The availability of public qualitative methods of @yting decisions of general differential equations, in particular methods of
evaluation of stability, analysis of behavior within special points and their asymptotic behavior. The circumstances ttthtdehe fact that
the systems described by conventidrhifferential equations are a methodically very convenient material to create general algorithms for
the study of dynamic systems. A mathematical model of sensitivity to the initial conditions is constructed on the bastsrofémeous
differential equéions of the first variation, which opens up opportunities for solving the basic problems of analysis, which are: calcutétion

3 >

ST s Pt T T 3,2022(309) 99

n s 3


https://orcid.org/0000-0002-9764-8561
mailto:opolishchuk71@gmail.com
https://orcid.org/0000-0002-5501-9038
mailto:lisevichsv@gmail.com
https://orcid.org/0000-0002-0914-0814
mailto:zam09042020@gmail.com
https://orcid.org/0000-0002-1173-4638
mailto:oks81mik@i.ua

Techrical sciences ISSN 23075732

transitional processes and processes that have been established; Determination of static stability and calculation of pacaseesitivity, on
the basis of a single algorithm for solving a tagint T-periodic marginal problem for conventional nonlinear differential equations.
Keywords: nonlinear dynamic system, differential equation, periodic marginal problem, basket method.
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Oleg POLISHCHUK, Andrii POLISHCHUK,
SvitlanaLISEVICH, Anatoliy ZALIZ ETSKYI, Vasiliy MELNYK
Khmelnytskyi National University

THE MANUFACTURING PRODUCTS AND PARTS BY 3D -PRINTING METHOD FROM COMPOSITE
FILAMENTS WITH HIGH METAL CONTENT

It is established that one of the most promising areas of development of modern engimgeésirthe development of new
technologies for rapid production (rapid manufacturing), the essence of which is the layered design of powder productsonaSédd model,
ie model whose threelimensional geometry is described digitally by using solid modelprggrams (AutoCAD, SolidWorks, Comg2i3,
CATIA, ProE, etc.yhe main advantages of using additive technologies, including 3D printing with filaments containing metals. The types of
3D printers that print metal are considered. The use of metal powder8nprinting technologies is described. The main characteristics and
properties of such metals, Tl titanium, stainless steel SS, aluminum Al, copper Cu, FE iron and alloys based on thernsediadenaterials
or additives in additive technologies. The atages of their use over traditional technologies (casting, rolling, etc.) are described. The
scheme of technological process of manufacturing products of industry mechanical engineering by a 3D printing with a highcorent is
given. Each of the stges of the technological process is considered and described. Stainless steel metal powder was selected for the
manufacture of filament and its chemical composition is investigated. Experimental studies have been conducted to detehmine t
mechanical, themophysical and rheological characteristics of polymeric materials used for the manufacture of 3D prints. On the basis of the
studies, it is proposed to use Plastic powder as a connecting element in the filament. The design of the auger for stipplyiggrial of the
extrusion machine is designed and manufactured. The form of the extrusion head is developed and selected, which setsetke alidhe
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filament being made. A 3D printer for printing products and parts with a high metal content was seleatedl improved. Experimental
studies of the wear of the 3D printer's extruder nozzle on contact with the abrasive thread.
Key words: 3Bprinting, extrusion machine, stainless steel metal powder, polymer material
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RESEARCH OF OPERATING MODES OF A PULSE HYDRAULIC DRIVE OF WORKING B ODIES OF
AGRICULTURAL MACHINERY

Hydraulic systems are used in almost all branches of agricultural machinery. They are widely used in produttioexample, in
foundry machines, presses, heavy manipulators, machine tools, works, molding machines stcgpldhey play an important role in the
operation of equipment designed for the mining and oil industry, in rescue equipment. And, of course, one of the widest amgaration
for hydraulics is various kinds of special equipment: excavators and esarloaders, aerial platforms, agricultural, warehouse and many
other types of machines.

The use of hydraulic systems is due to a number of obvious advantages. First of all, they provide the efficiency of nawing he
loads with fine adjustment. Hydraulisystems also have great flexibility to control large and small forces. Another important benefit is
reliability: equipment can be protected from overloading with simple pressure relief valves. Compared to the tasks theyhsalkeulic
systems are compaend economical.

The hydraulic system of any special equipment is a rather complex and precise mechanism. The performance of the machine
largely depends on its ideal operation. An analysis of the development of modern foreign mobile machines, includmmesing, leveling,
lifting and transport, for the production of concrete work and soil compaction, agricultural and forestry machines, basieltdractors,
etc., revealed a trend towards a growing volumetric hydraulic drive. reciprocating and rotamtion.

The author examines the modes of operation of the pulse hydraulic drive of the working bodies of agricultural machines,
determines what their advantages and disadvantages, what types and designs of pulse hydraulic drives and how they affecktbecess.

Keywords: pulse hydraulic drive, hydraulic pulse, vibroprocess, vibratory rammer, valve, failure, regulators, pulsator dyighw
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Vasyl YANISHEVSKYY
Vinnytsia National Agrarian University

BASIC PRINCIPLES OF OPERATION AND ENERGY BALANCE OF VOLUME HYDRAULIC DRIVE

Scientific and technological progress in mechanical engineering is inextricably linked with the development and creatiewpf n
more productive, more efficient equipment and the improvement of the designsxistiag machines and equipmenthe technical level of
machines is largely determined by the perfection of the power flow drive to their working bodies. In this case, an impaians$ given to
drives, in which the energy carrier is liquid. Such drives are called hydraulic or hydraulic drives. The use of hydraudis dliows you to
create progressive designs of machines, expand theipdiies of mechanization anéutomation o technological processes, to facilitate the
working conditions of operators, to improve the culture of material production.

Currently, hydraulic actuators are successfully used in almost all areas of industrial production, including in the cornistruct
road, and maicipal engineering industriesSmall overall dimensions and weight with a significant generated power, high overload capacity
in terms of power and torque, the ability to provide sufficiently large gear ratios and stepless speed control ajutpet link, easy
reversibility, which ensures high speed and accuracy of processing control actions, the availability of automatiwse are the main
advantages of the hydraulic drive, which predetermine its wide application in the construction ofgpamt and technological machines.

The article defines the basic principles of the volumetric hydraulic drive, what values and indicators affect them. A gobéba
defined regarding basic information about hydrostatic drives, devices and the principlepefation of hydraulic mechanisms and hydraulic
devices, drawing up hydraulic circuit diagrams, the sequence of calculating a hydraulic drive and choosing hydraulic eleffiemtenergy
capabilities of the hydraulic drive, characterized by its power, also determined.

Keywords: hydraulic drive, technical diagnostics, expert assessment, energy capabilities, balance, power, gear ratio.
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OPTIMIZATION OF CHARGE / DISCHARGE TIME
OF ACTIVE FILTER CAPACITORS DURING VOLTAGE FLUCTUATIONS

A voltage regulator on capacitors has been developed for the control circuit of a perattive filter based on dgheory with a
block of sliding averaging current in the current control circuit i_d. It contains a delay unit, a digital4oass filter of the first order FIR or
IIR (depending on the variant of the considered scheme) anduthi¢ "sgn", which stabilizes the output signal. The voltage control circuit on
the capacitor can be implemented entirely in digital signal processing and used instead of the analog PID controller, wimaich more
effective if you need to adapt the cirit to the load mode. Most analog filters suffer from phase distortion when signals at different
frequencies are delayed by different amounts. Although it is still present in digital 1IR filters. FIR filters are usualignée as a "linear
phase", whichmeans that the filter has no phase distortion. Phase distortions occur due to the fact that signals of different frequareies
delayed differently when crossing the filter. For IIR filters, it is necessary to enter an additional factor that will régtie group delay,
during which the filter will delay the signal of a certain frequency. If you do the same for the FIR filter, you will sesighshorizontal line,
which means that all signals are delayed by the same amount, which is good and willderdetter signal quality. The unit "sgn" does not
affect the process of maintaining the voltage on the capacitors and the speed of transients, its role is to enhance thasaiorpecapacity
of the voltage regulator by filtering the digital signal. Theskected filter, by automatically stabilizing the voltage on the capacitor provides a
stable charge / discharge process of the capacitor and a high level of compensation of higher harmonics without signifaditibrzal
generation of active power in the rieork. When used in the context of retime analog systems, the digital filter sometimes has a
problematic delay (inputoutput time difference) due to analogp-digital and digital-to-analog conversion and smoothing. It is shown that
by optimizing the chage / discharge time of the capacitor of the power active filter it is possible to achieve the minimum duration of the
transient process with the minimum values of harmonic distortions.

Keywords: electric network, higher harmonics, reactive power, activener filter, voltage regulator, delay unit, digital filter.
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JaroslavOSADCHUK, AlexanderOSADCHUK, Vladimir OSADCHUK
Vinnytsia National Technical University

SELF-OSCILLATING PARAMETRIC PRESSURE SENSORS

Selfoscillating parametric pressure sensors are proposed based on transistor microelectronic structures with negative différentia
resistance with primary strainsensing resistor and diode, and the primary stresensirg elements are active elements of the swdtillator
circuit, which simplifies the design of pressure sensors. It is also proposed to replace the passive inductance ofos®llatdi oscillatory
circuit with an active inductive element based on a trsistor with a phaseshifting RC circuit, which makes it possible to expand the range of
output frequency adjustment, as well as to fully produce pressure sensors using microelectronic techridésgg on the consideration of
physical processes in primastrain-sensing elements and sascillators, mathematical models of pressure sensors have been developed, on
the basis of which parametric dependences of the conversion and sensitivity functions have been obtained. It is showre thmtirth
contribution to the change in the conversion function is made by the change in pressure. This causes a change in the equivalent capacitanc
and negative differential resistance of the oscillatory system of sensorasalillators, which in turn changes the output fregacy of the
devices. The sensitivity of the pressure sensors varies from 0.365 kHz/kPa to 2.45 kHz/kPa when the pressure changedfdm ZD&0
kPa.The obtained parametric dependences of the conversion functions of pressure sensors show the possib#isier calculation of the
main characteristics of the sensors and clearly show the influence of each parameter of the primary converters and the {gasaafehe
selfoscillator on the output frequency of the sensors in comparison with the calcufatiof the conversion functions based on the Kirchhoff
equations. Pressure sensors with a frequency output do not require antdedjgital converters and amplifying devices for further
processing of information signals, which reduces the cost of informatioeasuring equipment, in addition, it is possible to transmit
information over a distance when the sensors operate at microwave frequencies.

Keywords: sensor, pressure, negative differential resistance,-ssffillator, strain-sensing resistor, straifsersing diode.
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Dmytro LEVKIN
State Biotechnoldgal University, Kharkiv, Ukraine

ARCHITECTONICS OF CALCULATED MATHEMATICAL MODELS UNDER UNCERTAINTY

This article concerns the improvement of calculated mathematical models of technological, biotechnological, and economic
systems. It is necessary to increase the number of considered peEamto increase the accuracy of calculating the parameters of complex
systems during mathematical modeling. This leads to the need to solve nonlocal boundary value problems wistationary differential
equations, to prove the correctness of whichstimpossible to apply the traditional theory of existence and unity of solution. Note that after
the architecture of boundary value problems assumes the existence of their solution, it is only necessary to prove itaessqiie prove the
correctness oftalculated mathematical models requires neither generalizing the parameters of the goal function and using approximate
constraints, which, in turn, will reduce the boundary value problem to a standard form and its correctness will not be bbt,dmr prgpose a
method to prove the correctness of boundary value certain differential equations, which will consider the specific feafutes modeled
processes. A separate technique must substantiate the correctness of boundary value problems dependintyjpa telifferential equation
that describes the physical and economic processes in the simulated systems.

This article studied the conditions for the correctness of boundary value problems for differential equations with constant
coefficients. It is prove that there is a corresponding boundary value problem for arbitrary homogeneous differential equations. It is defined
the parabolic boundary value problems in terms that use constraints from above on the fundamental solution function. Thdawdere
obtained under which the parabolic boundary value problem exists and cannot exist, respectively. The obtained resultcngdlse the
accuracy of the main optimization task of improving the quality of simulated processes.

Keywords: architectonics, boundw value problems, correctness, differential equations.
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Vasil KUTIN, MarinaKUTINA
Vinnytsia National Technical University

OleksandiSHPACHUK
Khmelrytskyi Nuclear Power Plant

METHOD OF CONTROL OF TECHNICAL CONDITION OF INSULATION OF ELECTRICAL EQUIPMENT OF
THE GENERATOR -TRANSFORMER UNIT

Significant wear of the main electricalqipment of the power supply scheme (synchronous generators, complete shielded power
lines, transformers) of thermal and nuclear power plants, implementation of the policy of extendire service life of existing power units,
and gradual implementation ofequipment repair strategies according to technical conditiatetermines the relevance of development of
new and improvement of existing systems for monitoring the technical conditadnelectrical equipment in general and its insulation
characteristics inparticular. Insulation diagnostics, relay protection devices and informatiomeasuring systems currently operated on
power units do not allow tracking changes in electrical insulatigparameters of electrical equipment such as insulation resistance and
capacitance relative to ground and tangent angle of dielectric loss detection that makes detection of defects in isolatioreatrlst stage of
their development impossible. Relay prat®n devices can be insensitive to singlease earth faults of the star winding near the neutral
and with a symmetrical decrease in the insulation parameters of the stator winding, as well as malfunction when starting doé to
voltage asymmetry irgenerator phases.

The method of control of technical condition of elecal equipment insulation in the generateiransformer unit circuit is
proposed, which is based on combined superimposition of direct current and alternating current with frequensyhas industrial, control
of discharge of precharged capacitor and coptrof alternating current flow with Rogovsky coils. The proposed method will detect both
abrupt and gradual changes in the technical condition of the insulation of electrical equiphwértihe "generatortransformer" unit, improve
the quality of planning ofrepair work and speed up the search for faulty elements in case of damage.

Key words: synchronous generator, voltage transformer, current conductor, insulation damage, informatieasuring system.
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Oleksiy LARIN, KseniaPOTOPALSKA
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YevgenGRINCHENKO
Kharkiv National University of Internal Affairs

ASSESSMENT OF THERESIDUAL LIFE -TIME OF THE ELEMENTS OF THE CENTRIFUGAL PUMP OF THE
ENERGY INSTALLATION ON THE BASIS OF STATISTICAL ASSESSMENT OF FATIGUE WITH PREDICTED
WEAR DUE TO CORROSION

In this article, the residual resource of a centrifugal pump was anticipatedjicth operates an overestimated resource in the
pumping line of a nucleapower plant. The results of theoretical and numerical modeling of its streBain state with a change in the
geometry of the hull parts are presented. Thrdémensional FE models va been developed that take into account the actual geometry of
pump parts, as well as a forecast of their possible changes during further operation. The change in the geometry of the struakes isto
account on the basis of extrapolation of data time thickness of the hull walls obtained over a long service life. Cafimns to determine the
static strength are made for the main operating mode of the pump (under normal operating conditions). In places of weldsydlie
strength was checked sepately, while taking into account the decrease in their strength due to iacrease in equivalent stress amplitudes
by dividing them by the coefficient of reduction in the strength of the weld. The process of thinning of the wall of thehpuisipg underthe
action of erosivecorrosive wear is modeled. This process is randsmjt was modeled taking into account the equations of wear growth
kinetics. As a result of the research, the damage parameter and the probability of fafhee= operation of the stucture were obtained. These
parameters are determined taking into accourthe predicted values of the percentage thinning of the pump housing wall and the obtained
characteristics of the statistical deformation state of the structure.

Keywords: lifetime, corrosion wear, reliability, power engineering equipment, residual streing
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INFLUENCE OF THE SEALING ON APPEARANCE AND TRANSMISSION OF TEMPERATURE
DEFORMATIONS IN ELECTRONIC MODULES

The scientific result presented in this papeonsists indevelopment of the Lam&adolin theoryabout interaction of joint thick-
walled cylinders applicationto estimate strength of electronic components represented Hyodies of revolution and surrounding layesf
compoundsealed byan arbitrary shapesubjected tathermal impacts in the temperature range from +70 t&0 deg C. fie diference in the
coefficients of linear thermal expansion and other physical and mechanical characteristics opeand and electronic componentsnder
the temperature changegroducesa contact pressuren their contact areacausingthermal strain andstress inmaterials of both bodies in
the sealed structure Within the framework of the axisymmetric problem, the strestsain condition of the electronic componertompound
systemhas beerassesseéh condition of thermal impact due to which the pattern ofhe maximum total radial, circumferential and axial
stresseshas beenrevealed depending on their radial distribution and the temperature load mode. Hiess estimationin the S229V
resistor sealed with the EZR5 compoundinside the sealed electronic pagehas been performed at theonstant temperaturedrop. The
experimental method is propsed for determining the ultimatestresses in electronic components sealed with compound urstierss and
strain condition identical to the operational one. Experim&h measurement of circmferential and axial strairs was carried out byising
method of electrotensometryThermalimpacts were reproduced in thethermostat and the climatic chamber. Technological methodsr
protection of electronic components in the sirtures of electronigpackagessealed with compoundhas been proposeby embedding elastic
and dissipativejoints between electronic components aralsealant, and the effectiveness of their application is experimentally evaluated
based on determination ofte damping coefficient.

Keywords:sealed electronic packagelectronic componentcompound strength stress andstrain condition
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MODELING THE CHARACTERISTICS OF A BROADBAND
ANTENNA SYSTEM FOR UAV DIRECTION FINDING

The paper pesents the results of the development and modelling of a broadband antenna system for Unmanned Aerial Vehicle
(UAV) direction finding. The research covered the issues of analytical description of the antenna system based on the@@rdbetyivaldi
antennas. The article presents a mathematical description of the Vivaldi antenna element model. An experimental relationshgebehe
geometrical parameters and characteristics of the antenna has been established. A review of the current state of thefiseségning
antenna systems based on the concept of building ultraleband directional antenna elements in the absence of a phase centre has been
carried out. The main trends in the modern design of broadband antenna systems are determined. The mamepars of the proposed
broadband antenna are determined by the method of mathematical modelling. The parameters of the proposed antenna in thenfrequ
range under various excitation conditions are studied, and the specifics of the application of ssg$tem under the conditions of its possible
use as part of UAV directiefinding complexes are given. The most optimal design option for an witideband antenna element is a design
with an expanding slot (similar to Vivaldi antennas). At present, thesgtemnas are widely used in various devices, namely, in radio
reconnaissance devices, medical equipment, etc. Their popularity is due to the presence of advantages over other antenags/ach are
a wide operating frequency range, simple design, simplanufacturing requirements, and high gain. In this paper, we considered Tapered
Slot Antenna an antenna with a widening slot. The antenna element designed and modelled in the article is a modified Vivaldi antenna (an
antenna with a quasislot line with expansion), which is being developed for the directiinding complex of the UAV. When calculating the
TSA of the antenna element, the program for calculating the characteristics of the antennas MMANA was used in order toatethie
study of the mainadws for obtaining the required characteristics. Particular attention was paid to the possibility of changing the radiation
pattern (RP) depending on the phase relations of the voltage at the input of the antenna elements.

Keywords: UAV, antenna, directidimding, radiation pattern, broadband antenna emitter.
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