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BASIC OPERATIONS OF SHIFT CODE FORMATION ALGORITHM  USING HUFFMAN EN TROPY CODING

The complexity and relevance of the tasks of cryptographic protection of information in the context ofritreaised value of
information resources in the cyberspaaauses interest irmproving existing encryption algorithmsnd developing ew ones.

The paper presents the results of a study of the characteristic features of the method for increasing the egitagstrength d
encryption algorithms by modifying th input data using he methods of optimal entropy uneven cadj using the examle of Caesar
replacement ciphers and optimal Huffman coding. Based on the results of the analysis, a mathematical spdgdased, whictdefines the
main forms of data presenmttion and the functons of their transformation operations. fie model provide$or work with three types of code
alphabets, changing which destroys the statistical dependencies of the occurrencgludlat symbols irthe text, which serves as the basis
for increasing the crptographic strength of the encryption algrithm. The mainfunctions presented in the mathematical model are the
functions of performing operations of forming the alphabet based thre text submitted to the encryption algorithm, determiimg the
statistical characteristics of the text, optimal unen coding of the@ext, generating a sequential binary code of the encoded text, determining
the composition of the uniform alphabet for engting text encaled with Huffman codes, as well as optars of encryptionand decryption
of the transformed text usig Caesar ciphes.

The proposed model is intended for mathematical modeling of algorithmic implementation procedures for a combined &oaryp
method usingmethods of optimal entropy uneven catj, as well as forwluating the efficiency and cryptanalysiof ciphers.

Keywords: information security, encryption algorithm, cryptographic strength, optimal coding..
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B. V. IVANISHCHEV, A. V. KAPLUNOV, V.V. RUSINOV,A. M. VOLOKYTA
National Technical University of Ukraine

METHOD OF ACCELERATING REPLICATION RATIO RENEWAL
IN DISTRIBUTED DATA STORAGE BASED ON THE NODE'S TRUST LEVEL MONITORING

Considering the collectiveature of the functioning of distributed computing systems the necessary mechanism for ensuring the
quality of service is automatic dispatching, which is a set of control actions that optimize the operation of the entirensyas a whole,
carrying out operational planning and redistribution of running tasks based on the current state of the system. Further, progress of
distributed computing systems will lead to a manifold increase in the number of resources and their diversity, which vdlltéean
aggravation ofthe exsting problem.

The monitoring mechanism allows you to track changes in the state of system components, however, predicting the occurrence of
emergency situations requires the implementation of a method for assessing the degree of trastode. Anethod of assessment based on
assessing metrics and identifying their most important types is proposed. With the combination of these mechanisms, the neeedfigure
the storage becomes more transparent, which allows data balancing procedarbe perbrmed even before the emergency shutdown of a
problem node.

A method for drawing up a data migration plan with polynomial computational complexity was proposed which is based on
allocating part of nodes into a separate subgraph and creating a maigon plan for that subgraph firstly. The proposed method has been
proven to be optimal in terms of migration time of data elements from nodes that are marked by the monitoring system adigibfen
unreliable. Optimization of the migration method by thisriterion makesit possible to reduce the replication ratio recovery time in
distributed storage by increasing total time of migration.

In this regard, the use of a storage reconfiguration mechanism based on an assessment of the degree of trust inig arode
urgent topic that is of scientific and practical interestlt has been shown experimentally that the proposed method is equally effective for
distributed storages with a different number of storage devices and a different number of data items.

Keywods: distrbuteddata storage, monitoring, level of trust, replication ratio, data migration
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A.S. KASHTALIAN, O.S. SAVENKO
Khmelnytsky National Univesity, Khmelnytsky Ukraine
CLUSETRING OF INTRUDERS IN COMPUTER NETWORKS BY THEIR BEHEVIOUR CHARACTERISTIC
The method of finding similar intruders in a honeynet by their behavior characteristics is suggested. Frequency characseristi
which allow to detemine AOOAAES O OUPA AT A O DOAAEAOG EO EO AT 1 OEAAOAA8 )OO EO DOl

regard to a honeynet as many to many, many to one, one to many and one to one. A time series which represents the dep&titence
number E OANOAOOO £O0T 1T Al AOOAAESC A EITAUDPI O PAderedérEi A OT EO |
ET £ Of AGEI T AOEOGAOEI T O xEEAE AAT AA OOCAA & O Al OOOAOGEI ¢ ET OOOAADOOE |
It is proposed the proedure of agglomerative clustering behavior characteristics on the basis of the information criterion. It is
defined distances between clusters and the integral criterion of a distance between objects inside a cluster. It is dedetfimégecriterions of
stopping the clustering process: the number of clusters, the absolute minimum, the relative gradient. The number of clustersops a s
criterion allows determining the level of a damage of intruders. The absolute minimum criterion corresponds to the maxioouity of
intruders clusters. The relative gradient criterion provides the highestister completeness
The experimental researches were conducted based on data of the honeynet. It is defined the information criterion whiclkeprovi
the highest accuracyf clustering and the stop criterion which provides the optimal ratio of the accuracy and the completeness of clusters on
their basis.
Keywordshoneypot, OET A OAOEAOG Al OOOAOQET Ch
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P. SHPATAR  HRES V.KACHUR, A. TOMULETS
Yuriy Fedkovych Chernivtsi National University

DETECTION OF SINGLE PHOTONS IN QUANTUM CRYPTOGRAPHIC SYSTEMS

Quantum cryptography technology, based on the quantum properties of light, allows an umsdcsequeéce of bits to be
transmitted over an unsecured communication channel in such a way that an intruder interferes with the transmission procdsseates
additional noise in the channel and is legitimate by users. One of the important elemertite guantum key distribution system is the single
photon detector.

The basic principles of data protection in quantum communication lines are the impossibility of copying the previously unknow
state of an individual quantum object and the impossibility obtaining any information about the quantum states of this object without
damaging them. Thus, the guarantee of protection of transmitted information are the fundamental laws of quantum mechanics.

Quantum cryptography takes to a new level the standardk searre data transmission over open communication channels.
However, the practical implementation of quantum cryptography protocols based on currently available components faces csighifi
difficulties.

Therefore, the development of new protocols for qmam key dstribution, as well as achieving a high level of their cryptographic
stability through the use of sensitive detectors of single photons based on avalanche photodiodeacisialproblem.

The article proposes a hardware implementation of a siagphoton detection device on ESP8266. The proposed device increases
the accuracy of measuring the intensity of radiation using an avalanche photodiode operating in the mode of a photon cduynséabilizing
the value of the difference between the suppbitage and the breakdown voltage of the avalanche photodiode without loss of measurement
time. With this system, measurements can be made at room temperature without the use of eiméeggive refrigerants. Dark noise and

temperature instability are taken irto account in the value of the voltagélJ. The developed device allows to increase the quantum efficiency
of registration up to 45%.

Keywords: quantum cryptography, single photon detectors, avalanche photodiodes, fiber optic communication linestuquacey
distribution.
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V.M. DZHULIY,I.V.MULYAR, V.S. ORLENKO, V. YU. TITOVA, V. A. ANIKIN
Khmelnytsky National University, Khmelnytsky, Ukraine

SYMMETRIC CRYPTOSYSTEM WITH NONLINEAR ENCRYPTION A ND THE POSSIBILITY OF CONTROL OF
CIPHERTEXT FOR CONCEALMENT

The article proposes a simple symmetric permutation cryptosystem, in which permutations occur based on streaming generation
of random numbers.

Substitution-permutation algorithms are quite commno today. They have proven to be reliable crygtrong ciphers that have
seriously competed with iterative mathematical ciphers, based on the Feistel network, and are gradually displacing themambraore,
taking their place.

The aim of the article isd propose an encryption algorithm that has a spfe structure and is easy to implement. At the same
time, it is estimated to be quite resistant to crypto attacks. This encryption algorithm has a high speed and uses all\thataas of
permutation encrypion algorithms.

Developed an encryption schenire which permutations occur randomly, and as a result, a situation becomes possible when one
plaintext with the same key corresponds to many ciphertexts, which seriously complicates the work of cryptanakystplicating the
analysis and cracking of theigher, and significantly increases the scope of application of this cryptosystem. Also, this cryptosystem has
steganographic potential, because the nonlinearity that creates the variability of ciphertextgved the same byte to encrypt dozens or even
hundreds of combinations.

This paper has clearly shown a new approach to the creation of encryption variability and random selection is proposedkel$ ma
possible to modify existing encryption algorithms.

Key words: cryptography, steganography, symmetricryptosystem, permutation cipher, random generation, information
protection.
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SOFTWARE QUALITY MANAGEMENT DEVELOPMENT TOOLS

At the present stage of devadment d software tools in the field of web development, the number of web frameworks (VFK) has
increased sharply. A of them have a number of advantages andsadvantages, and therefore it is important to choose the rightdan
appropriate framework or sé for each project, because the right choice depends on the quality, implementation time and reliability of each
software product being developed.

Generally speking, web frameworks have definitely changed and improved theiogramming capabilities and beome an
integral part of the development process. There is a large amount of information related to VFK, but ofterinformation contains only
definitions and complex terms that do not give any idea about these tools. Tisatvhy the question of justifgg the variable choice of
frameworks and their impact on software quality is an urgent task at the present stagerogramming development.

This article presets the results of research on existing tools and the definitiontlodéoretical aspects of the se of mdern
frameworks for software development, as well as justification of the feasibility and impact of choidahiéity on the software applications
quality. The main results of the study are the rationale for the franied E 08 A ET E A A elofihedt It@HouEhandtad Anat Aektite
the large number of frameworks, the structured analysis was carried outabyather small number of researchers, whictetermines the
scientific novelty of this issue. The practical sificance lies in the possility of using certainframewaorks in accordance with the needs of the
customer and the developer to achieve certairsuts in software development.

Keywords. Franework, CSS, software, software product, programming language.
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Y. TIKHONOV

Taras Shevchenko National University
INTERNATIONAL INDICATORS OF EDUCATION LEVEL

Education is one of the factors influencirtpe development of the @untry. To assess the degree of development of education
requires the definition and comparison of the degree of development of education and secmnomic condition of the country, systematic
analysis of a large number of mufticeted factors of interation of economy, education, social sphere including all their components.

International organizations have been building such indicators for the world for many years. For example, the UN has been
publishing the Human Capital Devgbmert Index annually sice the 1990s. This index includes an assessment of the level of education.
Organization of economic cooperation and development, etc. Integrated indices are introduced to analyze the developmeutatioedand
the socieeconomicsysten, which assess thdegree of development of education in the world, and allow to identify weaknesses that need to
be addressed in the first place.

In this paper, based on the analysis of research and publications, it is noted that international ataiie do not fully refle¢
national specifics and are not adequate for a number of countries. It is necessary to develop indicators that reflect tifecspé education
on the basis of comparing the degree of development in the regions of the couhiyinluence of the spefic position of its individual
regions. An index of regional development has been developed, which allows, firstly, to determine a wide range of propeesesirces,
secondly, to adapt the given scheme to practical tasks, dridtty, to analyze the waknesses of the development of the region in comparison
with others.

Keywords basicindicators, index, education, qualitative resource assessments, aggregated assessment, weights.
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E.G. DUDNIK

Vinnytsia national agrarian university

ANALYSIS OF THE INFLUENCE OF TECHNOGENIC FACTORS ON THE DENROPHOR OF VINNITSA

Tree plantations in urban ecosgamsperform a number of vital functions, especially in conditions of deteriorating environtagsituation in
the form of mammade pollution. Therefore, there is a need to study the condition of trees, study the effects of pollution on tree playdstiEs ther
environmental stabilization efficiency, as well as develop programs to impronatept and preserve dendroflora in good condition.

The analysis of the main urbogenic factors influencing the growth of urban tree plantations is carried out.nidst important
problems of landscaping of the modern city are outlined, the shortcomings @htenance and operation of green areas are generalized.

Population growth, urban expansion, urbanization and industrialization, the increase in road transport a3 conentration in
cities have led to significant pollution of the urban environment byetbombustion of gasoline and other fossil fuels. On average, in Ukraine
the exhaust gases of vehicles cause4®s of air pollution.

Pollutants that get into theair with car exhaust have a toxicological effect. Among the large number of components, thgedas
an increasing increase in pollution by heavy metals, especially lead compounds

Concentrations of heavy metals on two types of trees (Linden heart, Holetruit) on different streets with different
anthropogenic load (Pirogov Street, Khmelnitskyighiway) were established. The condition of spruce within the city of Vinnytsia was
analyzed. The study was conducted in nine places of growth of spruce plantation

The article reveals the regularities of adaptation of woody plants to the conditions of thiban environment by functional
changes in theirassimilation systemunder the action of heavy metals. According to the analyzed data, in the phytomass of dtrdro
which grows near the roadway of city streets during the growing season in some casgshanze accumulated 2@0 times more lead
compounds compared to the background content.

Key wordsheavy metals, dendroflora, greenery, horse chestnut, s#gai/ed linden,urban ecosystem, spruce.
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M. KOSIYUK, HOSIYUK V. KRAVCHUK
Khmelnytskyi National University

DESIGN OF MOVEMENT DIRECTION REVERSE CONVERTER

Direction transducersare used in many branches of mechanical engineering to convert theioaous rotation of the master link
into reciprocating or reciprocating oscillating motion of the slave and, conversely, to convert the reciprocating motionciontinuous. They
are used in motiorconverting mechanisms, internal combustion engines, reoiting compressors and pumps, reciprocating feeders and
other technological equipment. Designing mechanisms for converting rotational motion into oscillatingtion and vice versa is an
extremely important task.

The present article deals with the mechamis for converting rotational motion into oscillatory motion and vice versa. The
purpose of the work is to summarize information about the design of a motion direction converter, which would contributestoreation of
machines with a more convenient laya

The invention proposes an original spherical craiskder mechanism for reversible motion direction converters, in which the
geometric axes of all parts installed with the possibility of rotation intersect at onerial” point, while there is no neeébr balancing
inertial masses, no vibration, high reliability and service life characteristics are achieved. The direction converter caseldein various
mechanisms, devices, machines and perform various functions.

The use of a reversible direction coarver in various industries allows obtaining a significant economic effect. The work is
planned to be continued in terms of optimization synthesis of the reverse converter of the direction of movement, whiciciad far its
practical use.

Key words: madbn direction converter, crankslider mechanism, volumetric squeezing machines, transmissions, motors,
compressors, pumps.
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MYKOLA PETROVYCH MAZUR,
Khmelnytskyi National University

THE CALCULATION OF THE TEMPERATURE FIELD OF A CUTTING TOOL INSERT WITH A POSITIVE
CLEARANCE ANGLE

This work addresses the question of calculating the temperatusdd$of the rake and flank faces of a cutting tool insert. During
the cutting process with such inserts, irregularities of the thicksesf the cut layer along the cutting ed@goccur, along with the length of
contact of the shavings on the front surface éthedifficulty of the formation of the shavings due to their deformation occurring in differing
directions. This causes irregularitein the intensity of heat sources alorige cutting edge and the front surface of the instrument. In this
work, this irregularity is accounted for by dividing the contact zone into small aressurces along the cutting edge and the front surface in
the direction of the flow of the shavings. i assumed that the temperature in any point of contact is equal to the sum eftémperatures
which are created at that point by each of the heat sources. To calculate these temperatures it is required to knepatia# coordinates of
the heat sourcesn the front and back faces of the instrument relative to the specified points Brientation is influenced by the form of the
cutting edge of a specifitool, its location relative to the vector of cutting speeghd the form of the frontsurfaceof theinstrument on each
of the individual elementary sections (the presence of chamsyfeyooves, etc.) After geometric transformations, the relations for the
calculation of coordinates are given and the peculiarities thieir uses in various models of the ktion of the heat source and the point in
which the temperature is calculated arshown. The work shows the peculiarity of using the obtained technique for the case of working with
a circular plate with a positive bak angle. Such plates are installed withe surface of the cutting edge perpendicular to the cutting speed.
Therefore the relative coordinates of the heat sources for a circular cutting edge are defined by the center coordinates of the point sources
relative to the point where the temperaturesicalculated.

Keywords: Temperature field during cutting, circular cutting eddegat sources, relative coordinates of heat sources.
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IULIIA SERGIIVNA SOKOLAN, KOSTIANTYN ANATOLIIOVYCH PARSHENKO
Khmelnytskyi National University

ANALYSIS OF CHANGES IN REGULATION OF NATURAL ILLUMINATION IN ACCORDANCE WITH STATE
CONSTRUCTION REGULATIONS

Analysis of new calculation nikod of light opening area in premises of manufacturing and nonproduction chater was realized
in the article. Furthermore, the detailed analysis of differences in natural illumination regulation in accordance with néwipduced
OAcC Ol AOET 18-2018 Naturalgapdaadifiigl illumination, functioning from 01.03.2019 was made.

Calculation formulas for light opening area at the stage of initial design for overhead and side illumination systems indacoe
with ~  ° 782898206 and -~ ° . 28-2088ovdre presented. Differences in component coefficients for indicated cdiicuiavere
emphasized, videlicet: overall coefficient of light transmittance of the material, coefficient of light transmittance ofthterial, coefficient,
considering lidht losses in frame of light opening, coefficient, considering light losses irpsoiective devices, light climate coefficient and
standardized coefficient of natural illumination.

As a result of conducted analysis advantages of new method in light ogearea calculation for overhead and side illumination
systems were established. AmM ¢ 1 AET AAOAT OACAO EOCB80 x1 OOE 11 OET C-plésiicAight opehidg ET OOT A
frames was made, inasmuch as overseen trend in annual inéngasf windows, made of reinforceplastic frames. It was also established
that changes in connection with introduction of new calculation method of light opening area under conditions of natural illuminagien
simultaneously typical for side and overhdanatural illumination.

Carried out analysis provides a possibility of drawing thenclusion that newlyintroduced method of regulation of light opening
area calculation under conditions of natural illumination provides higher accuracy, forasmuch as salkéo account more factors, effecting
on the change of illumination, created by naal light.

Keywords: natural illumination, side illumination, overhead illumination, State Construction Regulations, natural

illumination coefficient, calculation of ligh opening area.
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N.O. KOSTIUK, A.l. HORDEEV] . AIORDEEV
KhmelnytskyiNatonal University

A GROUND OF PARAMETERS OF COMPENSATIVE RESILIENT SYSTEM OF OSCILLATION MACHINE IS
WITH ECCENTRIC PERSON OCCASION

The greatest technological interest is attracted by hydrodynamic cavitation devices, in which a local pressure dmmniedfin
the flow of the processed liquid and hydrodynamic cavitation develops due to a sharp change in the geometry of the flulddleasing the
time of periodic action of cavitation on a liquid medium gives a vibrational change in pressure in thsaion chamber, which forms the
generation of shock waves and leads to disinfection of water and intensification of its structural transformations. Whetimyetesigns of
various machines, the task is always to achieve energy efficiency of the progmeeess and machine. A machine that uses {requency
vibrations to form cavitation fields in liquid substances that are treated to change their properties and disinfect is peapdEhe vibrating
machine uses a pistetype activator with an eccentric die. In order to determine the energy consumption of a pisttype vibrating
machine, studies of changes in the energy consumption of the drive when changing the oscillation frequency of the pidtandiggcthe
voltage on a DC motor with registration dhe current consumed by the eccentric drive of the vibrating machine. Researches of distribution
of power consumption of the drive of the vibrating car on process of disinfection and change of properties of water aredcaut and
expenses of power of ¢hdrive are defined. The created design of the vibrating machine showed the prospects of application of the proposed
method of disinfection and activation of water in the creation of vibrating machines for individual use.

Keywords: vibrating machine, cawtion, disinfection and water properties.
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0.G. TYMOSHCHUK, S.P. LISEVYCH
Khmelnytsky National University

EVALUATION OF THE ACCURACY OF THE METHOD OF CALCULATING THE EFFECTIVE LEVEL OF
DEFORMATION OF THE CONTACT SURFACES OF THEYLINDER-PISTON SEALS

Based on the theory of stochastic processes, a methodhereffective level ofleformation of the contact surfacesf cylinder
piston seals has been developed. The result is the creation of an engineering method for calcul&igtfattive level of deformation of the
contact surfaces of the piston metalolymer seals, as well as s&ssiig the accuracy of the develed method for application in engineering
practice of piston seals. The article considers the elastic contact ofr@engty anisotropic rough surface (polymer surface) with a smooth
(metal) surface.

In the process of contd loading there are two average phes of the rough surfacethe average plane of the rough surface before

deformation (the distance from the smootkurface to this average plane is called the deformation lel®land the average lane of the
rough surface afer deformation (the correspoding distance is called the effective deformation lew#). The value oh characterizes the
contact displacement ofthe surfaces and the normal contact stiffness of the joint. The valul & important when calculatingthe flow of
gas through the joint.

The relationship between the strain level h and the effective strain level u is investigated based on stocledtihéory. The
connection of the effective level of deformation with a set ofitewt conditions is catulated and approximated on the bas of the original
programs Appr_E_1, Appr_E_2, Appr_E_3 [1]. The set of contact conditions (dimensionless ddpends on the nominal stress in the
AT 1 OA pn@sical and mechanical propertieof materials (consotlated Young's modulus E and roughse of contact surfaces (surface
gradient g)). Values calculated by the exact and approximate formula of the effedvel of deformation differ by no more than 0.11 atK

0.7, 0.065 at 0.7 <K ¢ 2 and no more thard.15 & 2 <K ¢ 5.
Keywords: stochstic field theory; effective level of deformation of contact surfaces; specific area of the rough contact surface;
tightness of cylindespiston seals; gas leakage; elastic contact.
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A.R. STARIY, A.l. HORDEEV
Khmelnytsky National University

TECHNOLOGY OF CLEANING AND MIXING OF POLLUTION OF MACHINE PARTS AT THE REPAIRO  FTHE
FLOW OF LIQUID WITH SOLID PARTICLES AND AV IBRATING MACHINE FOR ITS REALZATION

On the surface of parts and assemblies in the process of their manufacture, operation of machinery and equipment, techhologic
and industrial contaminants are formedQualitative cleaning of objects from contaminants is achieved by a complex phytiemical and
mechanical impact on it, the first is provided by the use of chemicals that affect pollution, the secotite use of mechanical energy of
pollution (scrapers, brudes, liquid jets, abrasive jets). To ensure proper cleanliness and surface quality of machine parts, a number of
processes using mechanical action have been developed. The share of special equipment that is made for washing to clsaqupartgyh.
Tomeet the needs of industry in this regard is possible through the introduction of cleaning and washing machines, built Gyaiggand
modular element base, which are not inferior to similar, special and provide high unification and flexibility.

The methods of cleaning and washing and the design of machines and devices with vibrating drive, which implement these
methods, are analyzed. They all have their advagga and disadvantages. The choice of a particular method of cleaning and washing
dependson the type and properties of contaminants, the requirements for the purity of products, conditions and type of produdtiemeEd
to create special installations fothe operation of cleaning and washing of machine parts during repairs in srsathle poduction is an
urgent scientific and technical task. The aim of the work is to create new methods of cleaning and washing and vibratingnesaelith the
use of floodd pulsating jets of liquid with solid particles. The theoretical bases of the cleanind aashing process are considered. The
dependence of the productivity of the cleaning process in a vibrating machine with a pulsating jet of liquid and solidlpart©btained. It
is established that to increase the productivity of the cleaning prodéssnecessary to find the optimal ratio of the number of particles in the
jet at the smallest distance from the nozzle to the surface to be cleaned when reachirtighest particle velocity. The physical bases of the
interaction of a pulsating turbulent fluid flow with solid particles with a contaminated surface are considered. The physical bases of creation
of a pulsating turbulent liquid flow in the nozzle of thebrating machine are considered. The amplitudeequency characteristic of fluid
oscillations in the nozzle of the pulsation chamber of the vibrating machine is constructed. Tasks of further researches are.formed

Keywords: cleaning, dirt washing, vibratg machine, dynamic process and machine parameters.
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A.O. MELNYCHENKO, M.M. RUBANKA, V.P. MISIATS
Kyiv National University of Technologies and Design

O.S. POLISHCHUK

Khmelnytsky National University

IMPROVEMENT OF UMM -5 MACHINE FOR DETERMINATION OF MECHANICAL CHARACTERISTICS OF
CONSTRUCTION MATERIALS

Determining the mechanical characteristics of structural matermlisvery important in the manufacture of products from them
for certain operating conditions, in particular under the influence of external deforming forces. The maximum allowable safuelative
elongation and tensile strength in tension are determined oteat bench of the type of rupture machine.

The rapid pace of computerization of all aspects of human activity has led to the fact that today computers, and, above all,
personal compters, have become an essential attribute of various technical systemis.also applies to modern control and data collection
systems, control and measurement and laboratory equipment, ie any complexes, the main task of which is the processingrpretation
of information coming from the "outside world".

As a result, devepers and users of specialized systems face the task of adequate docking of devices that receive information from
the outside world, namely sensors of various types, with a persoaaiputer, which is the central node of such a system and perform tasks of
coordinating system, information processing comes and issues it to the user in the most convenient form for him.

The analysis of modern machines is conducted for the test of can8tm materials The analysis of machines is conducted for the
test of corstruction materials that need an improvementWays of possible improvement of existing machines are determined. The
advantages and disadvantages of the known means for measuringe®rand deformation are determinedihe paper proposes the
improvement of €st machines of obsolete type by equipping them with systems for measuring forces and displacements without significantly
changing the basic structuresThe methodological and theatical bases of the study are the main provisions of theoretical mechanics,
strength of materials and machine elements. Was developked élements of construction andrcuit solutionsfor improvementthe UMM5
machine, which is used for experimental deteination of mechanical characteristics afonstruction materials in the strength of material
laboratory of the Department of Applied Mechanics and Machines of Kyiv National University of Technology and .Désgdeveloped
system of combined effort measament advantageously combines the advantages of classical mechanical matetselectronic data
recording meansimproving existing testing machines with the help of the developed system is attractive withrésequipmentcosts and
does not require signi€ant changes in their desigihe research results can be used to imprdlie existing equipment at machirbuilding
enterprises of the industry.

Keywords:construction materials, strength, test machine, sensetectrical scheme computer.
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M.M. KOSIYUK SA.KOSTYUK
Khmelnitsky National University

MACHINE FOR STRENGTHENING EXTERNAL SURFACES OF ROTATION BY STA TIC-PULSE TREATMENT

Thearticle considershe main aspects fothe machine to improve working capacity parts with spherisaind cylindricalssurfaces
bipolar static-pulse processinglhe aim of the work is to generalize the results of reseaochthe development of technology and equipment
for strengthening cylindicals and incomplete sphericals surfaces of machine parts by surface plasticrdafion.

The authors conducted a set of theoreticals and experimentals studies of gtatge processg, which allows to strengthen the
surface layer of parts in a combinestatic and dynamic force. To increase the productivity of the processing peeslenergy efficiency, a
scheme of bipolar hardening. In this processing scheme, the workpiece itfiotie of a cylindricals or sphericals surface simultaneously
receives twacounter deformation waves, the energy of which is maximally used during therdedtion of the surface layer of the workpiece.
This intensifies the process of strengthening the sugdayer of the workpiece and increases the energy efficiency of th&estriA machine
for bipolar static-pulse hardening of the outer surfaces of rotah of machine parts has been developed, the percussion devices of which have
low metal consumption angrovide the transfer of impact energy to the deformation zone with maxim efficiency. This is achieved by a
rational ratio of the geometric parametersof the elements of the impact systemihe machine increases productivity and accuracy of
processing, atbws to control depth of the strengthened layer, degree of strengtherdng a microrelief of external surfaces of rotation of
details of cars in the admatic mode according to the set algorithm.

The machine is made modular, which expands the technoldgiegoabilities of surfaceplastic deformation and is important for
its practical use.

Keywords surface plastic deformation, statipulse processing, ipact,energy, hardening, microrelief.
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A. SOLOVUCH, S. KATERINICH
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RESEARCH OF THE VACUUM THERMO CYCLIC NITROGEN PROCESS IN A PLASMA PULSING GLOW
DISCHARGE

An analysis of literature and recent studies, as well as a patent information search, showed the absence of general a®hasio
recommendations on the selection optimal technological paraméers of vacuum thermocyadti nitriding in a pulsating glow discharge
plasma (VTAPTTR) for the practical application of this technology. These circumstances confirm the relevance of ogithiz VTAPTTR
technology and the neefbr further study.

Most of the causes of the destructioof structural elements of machine parts and mechanisms are associated with their cyclic
strength, namely thermomechanical fatigue, which is expressed in treggal accumulation of damage in the matel under the conditions
of simultaneous exposure toaviable loads, aggressive environment and temperature. This leads to the appearance of a crack from fatigue,
its development and the final destruction of the neatal. One of the important and promisi directions in solving prol#ms of increasing
the thetmomedanical fatigue resistance of structural elements is the use of VTAPTTR. To analyze the mechanism of phenomena and process
control (TP) VTAAPTR, it is necesy to identify the relationship of fators that determine the cours of the process, and prst them inthe
form of a mathematical model.

Based on the theory of thermocyclic fatigue and the phenomenon of abnormal mass transfer under pulsed actiorgtithéelof
Strength Problems of the Nainal Academy of Sciences Bkraine developed a techihagy for accelerated nitriding in a glow discharge
during cyclic temperature changes due to periodic supply of discharge voltage. The technology-pleisma thermocyclic nitriding (IPTA) is
protected by patents of Ukraine and temno analogues in domestand world practice. Using the VTAPTTR technology, various parts can be
machined. For example, crankshafts, sleeves of internal combustion engines, gearsafsvarddules, extruder screws, shaftsesli molds,
lengthy parts with holes, etc. lon nitridingis used toprocess cast irons and various steels and alloys: structural and tool, maraging,
corrosionresistant, chromium and chromiurmickel steels of ferriticand austenitic class and the like. A g@mnising new technology for
hardening titanium, refractay metals - niobium, molybdenum.

One of the important and promising directions in solving problems of increasing the resistance to thermomechanical fatigue of
structural elements is the use of vacuurhermocyclic nitriding in a phsma of a pulsating glow idcharge. Havever, the widespread use of
the VTAPTTR technology is limited by the lack of determining the relationship between the factors determining the pafceacuum
thermocyclic nitriding in a pulsating glow discharge plama and the lack of recomnmelations for choosing the optimal technological
parameters of the VTAPTTR, these circumstances confirm the need for further study of the VTAPTTR processptintiZtgtion.

The problem statement isot give an analysis of the phemena in the process ofieuumthermocyclic nitriding in a plasma of a
pulsating glow discharge, to determine the interconnections of factors that determine the course of the proctss 8TAPTTR and present
them in the formof a mathematical model

As aresult of the studies, th regulariti es of the influence of the HTAPPTR TP parameters on the microhardness, the diffusion
saturation depth, the magnitude and distribution of residual ises in the hardened layers of steelfages are established. Based the
use of expert asssmei methods and the results of a series of screening experiments, optimization criteria (endurance limit and corrosion
resistance) and controlled factors fanathematical modeling of the formation bstrengthened iomnitrated surface layers are determied. A
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mathematical model of the TP of the formation of reinforced surfaces of the VTAPPTR TP according to the criteria of endurance and
corrosion resistance ishtained.

An analysis of the studies shed that there are no generatonclusions and recommendans on the selection of optimal
technological parameters of the VTAPTTR that would be used for the practical application of this technology. These circcenstanfirm
the need for further study athe VTAPTTR technology andetfeasibility of its optinzation.

Keywords.Vacuum thermocyclic nitriding, mathematical model, technological process, plasma, pulsating glow discharge.
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RESEARCH OF METHODS OF FILTRATION OF THE O UTPUT SIGNAL OF THE SENSITIVE ELEMENT OF
THE WEAPON STABILIZATION SYSTEM

The article cansiders the purpose of the weapon stabilization system, which allows you to keep the position of the gun in space, as
well as to aim the wepon at the target regardles of tte osdlations of the hull. Ways to increase the accungof stabilization are identified.
The results of researches of use of various methods of filtering of an output signal of a sensitive element of systenilizdt ginbof
armament with use ofanalog and digital filters are resulted. Approximations of Bterworth, Chebyshev, and @ver polynomials are most
commonly used. Filters obtained on the basis of these approximations are called by the appropriate rd8ngsrworth filter, Chebyshev
filter and Cowerfilter. Elliptical filters and Bessel filters aralso used. fie influence 6the change of the natural frequency of the sensitive
element on its accuracy is also analyzed. It is established that the best methdlleoinf) the output signalof the sensiive element of the
weapon stabilization system ithe two-chanmnel Petrov method. Based on this method, a new thregordinate piezoelectric sensing element
has been developed. The piezoelectric element of one chamvigth is installed by ingial mass @ the piezoelectric plates, works on
compressionAn identical piezoelectricelement of another channel, installed by the inertial mass under the piezoelectric plates, works in
tension. The output electrical signalsf éhe piezoelectric plate®f both chamels are summed in the adder. The resulting usefldctrical
signal will be proportional to twice the useful signalDue to the use of an additional second measuring channel, there is no error in the
output signal ofthe sensing element errofsom the irfluence of vertical acceleration, from the residuaon-identity of the strut¢ures of the
same piezoelectric plates and masses, from the influence of temperature, humidity and ambient pressure.

Keywords: stabilization accuracy, filter, dual cinnel.
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{ .B.BURYKIN, YU.V. MALOHULKO, A.V. SYNTYK, V.A. HRYNYK
Vinnytsia Natioral Techrical Universty

THE INCREASING OF DISTRIBUTION ELECTRICAL NETWORK S OBSERVATION USING SMART
METERING D EVICES AND FALSE MEASUREMENTS

The availability of synchronized information about the measured operating parameters of diribution electrical network
makes it pssible to determine the amount of electricity consumby standard algbraic methods. Howeer, often due to hardware or
information failure, this data may not be available throughout the day or part of During measurements, as welhs nhformation
transmission, the influence of electromagnetic interferencesynchronizaton, less of individal information packets or targeted attacks on
the information network by third parties in the form of manual or "viral" irtrference in the infomation system Thus,a necessary condition
for the information system fungbning is the armlysisof the obtaired data, their verification and recovery of lost information.

The possibilities of increasing the observation of distribmrti electric networks vth the use of SmarMetering devices, aggregated
information of automatedsystems of commeial electricity meering and pseudemeasurements are systematized and investigated in the
work. It was shown the expediency of using the Heswf assessing thetate of electrical dstribution networks in information systems for
energyefficiency analgis ofelectrical neaworks is shown.

It was developed the method of inverse conversion of the fixed volumes of the consumed electric povpseidemeasurement
of schedules of electic loadings of consumers with use of standard scheduolieldading, andalsoa state estimaion of electric networks. It is
shown that the use of data from electricity metering systems to supplement the vectdneotate of electricahetworks with information
about power changes in unobserved nodes allowsricrease the dequag of modelingof 10 (6) kV distribution networks and the quality of
electricity saving measures.

The efficiency and effectiveness of thmposed method is edirmed by computatonal experiments to determine and evaluate the
reliabil ity of pseudemeasurenents of substtion load schedules. The error in the calculation of voltages on the®o§10 kV TP is within 0.2%, which
compared to the imbalance of supplsind consumption is aceptable for the preparation of a revised structurethe electricitybalance.

Keywordsdistribution power networks, state estimation, typical load schedules, observation.
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Cherkasy State Technologidaniversity

THE SYNTHESIS OF THE QUICK -RESPONSE REDUCTIONCOOL | NG DEVI CE6S CONTROLSYST

The problem of quickesponse steam flow reductieoooling device controlsysem usedn energy branch and cheioal industry is
considered in the paper. The expari of last dsasters with nuclear power plants and in chemical industry shows that the safety problem is
still acute there and that the compattéve rareness of sucmatters isbalanced by severity of daages and number of casualties. The key
factor whichstrongly imid 6 AT U A£E£ 00 01 OPGCOAAA OAZAOU EO 1 AAEAT EAAT ET AOOEA |
sole criteria, determining either disaO O A [rin@tionfor its increas@ " 0O EOOO OEA OUOOAIT 8 Glepéndedd bl A OE| /
AgAAOOEOA AAOGEAAOSE 1 AOOA Ocakyidg medid, itheirGdmpehature, ledsdd, @ raiesEetcA AsAaboith-
response redudbn cooling devices (QRCD) the problera multiplied by such a fact that consumers of steanefabricated by the QRCD also
need a lot of time for preparing in order to avoid their damage. It seems this problem has no resolving vigidreed methods. Becaseall
known algorithms embodied in pactice act in postEAAOOI 1 1T AA8 )sgonéhand digial® add dener@tedibA ledeiving alarm.
So the principally novel approach is proposed in this paper both for QRCD control systetnsther ones of siitar purpose Namely it is
proposed tochange reactive control system acting pefsictum byactive one lased on advanced forecast. It includes involving of the term of
prior-to-£EAET  OUOOAI[ 8-®-faibiind 5 fréposddmadriterldEréalixe control together with the term of full energy reserve. This
algorithm envisages the foregog definition of maximal allowed overheated steam flow parameters and full energy (per second) value
calculated on a basis of them. While opeirsg curent parameters vdues aremeasured via sensors andurrent full energy figure is
calculated together wih its first and second derivatives. Time between current and maximal full energy (rate) values is calculated. While this
figures approaches tohe sy® Al 6 O QikheOddh kafeAs considered as therjor -to-fail state, and preparationto-bypassing rouine
starts atthis moment. The version of control system algorithm is proposed.
Keywords: highspeed reduction and cooling unit, energy generaiindustry, procesgontrol accading to the advanced for@ast,
pre-failure state, control system algorithm.
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V.I. STETSIUK, M.U. VLASUK
Khmelnitsky National University

SIMULATI ON OF THERMAL PROCESSES OF ELECTRICAL MACHINES

The paper presents method of analgis of thermal fields belectric machires,built on the basis of solutions of the
equations d thermal conductivity and volume disbution of heat fluxes. Since energy dses are released inside eth
structural elements of the engine, itemperature fied is a field with intenal heat sourcesand the thermal conductivity
equation that descibesthis field is inhomogeneous. The deaition of the differential equation of termal conductivity is
basedon the law of conservation of energy.ift shown that emperature analysis cabe a universalndicator of the quality
of complex electromechanal s/stems, which directly include eledtr machines. This analysis characterizéise energy
efficiency of tle system as a whole or its individual cponents. The actal valuesof temperdure in the nodesand their
relative difference with the correspating maximum allowable valuesare an indcator of the optimality of the designed
system. Electromagnetic anthermal fields have a mutual influence ral are mutually correlated componentsn the
calculations of electric motors. This connection directly fafcts the design of any type of electric anhine. For a rational
analysis it is neessary to find the optimatelationship between the intensity and sliribution of electromagnetic and thernal
fields. It isnecessary to carry out a symbiosis of methodsedéctromagnetic and thermal calculationsintegrating them into
a general mathematial model, which should prade a clear picture of the general prosses occurringri electric motors.
The most suitable metodsfor modeling the processes of magnetic arfietmal fields, as well as taking into accot the
nonlinearity of ferromagnetic prgerties are numerical methds. Numerical solution of field equationsith the help d
software and hardwareand special progams based, for example, on the methods of findéferences (MCP) or finite
elements (ITY and others, allows almost without anyiraplifications and assumptins with high accuracy to calculate the
field distribution in any electromechamial device, for gample, using ANSYS, Matlab & Simulink, Femlahe paer also
performs a fultscale modehg of a real synchronous motor with exaiion from permanent magnes with the internal
arrangement of magnes in the rotor (nterior Permanent Magmt, IPM). Mathemaical modeling of synchronous motors on
permanentmagnets, aimed at studying thermal procsess, revealed the universality of thisctenique for all other classs of
electric machines.

Keywords: electic motor, temperature, heat field, heatlosses, heat coduction equation, heat flux, vector,
gradient.
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