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USE OFONTOLOGY IN | NFORMATION SYSTEM TO ASSIST | N THE FORMATION
OF AN INDIVIDUAL EDUCATIONAL TRAJECTORY OF STUDENTS

This work examines theroblem ofindividual educational trajectory in Ukraine. During research, it was found that
this issue is considered mdjnfrom a theaetical aspect, which resultsn the lack of effective and convenient tools for
practical implementations to solve therpblem. Theanalysis of existing methods and means of solving the problem has been
carried out. The results of the analysindicate tha the implemented informationsystems partially satisfy the needs of
students in the formation of an individual trajecty.

Objective. Develop an information system model to help in the formation of an individual educational trajectory for
students of higler educational institutionstaking into account the needs of leading IT companies and students' inclinations.
Aiding sudents in the formation of an IET is based on a set of recommendations formed based on student preferences.

Method. To salethe probleminformation system model wadeveloped, which uses two main modules to operate.
First module allows its user to passcareer guidace test and second module provide the semantic algorithm to determine
disciplines best suited for user based his profesgnal inclinations. Levensteis algorithm using ontology was chosen as a
semantic algorithm.

Results. During researchmformation system was developed which allows students to receive recommendation for
formation of individual educational tajectory. Condcted experiments with randonmput data had shown the system is fully
functional and performing its task. All operatical aspects bthe system are presented in this work using UML diagrams.

Conclusions. Forming recommendations for an indiwél educatioral trajectory is a complex pocess that requires
a significant amount of resources. The use of information technologisvs to smplify this process, and the development of
an information system to automate it and make it accessible. Tiraplementation of the information system wdel made it
possible to understand all the subtleties of the process of forming recommtmaand esure their accuracy. The operation
of the information system was ensured by the use of two modules to detertheuser's pofessional orientation and arch
for the appropriate discipline. The process of finding a discipline that will mattie fprofessioal inclination of the user is
based on work with semantics, for which the ontology was used. The use ofoggtol the pracess of determining semantic
proximity using the Levenshtein algorithm made it possible to obtain semantic units tha as close & possible to the
student's professional inclinations and ensure the most accurate result when formulatingmecendations.

Keywords: individual educatinal trajectory, information system, ontology, levenshtein distance.
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Problem overview

The development of edutian is increasingly perceived as a condition and prerequisite doguhlitative
development of theeconomy and the social sphere. Human capital plays an increasingly impottam the
modern economy. This §tifies the increase in budgetary investitsein the education system. The complexity of
human relations is imeasing, which requires a new &wf socialization of the younger generation. The complexity
of the educatin system itself is increasing, whiplaces new demands on teaching sta#firthualifications, and
even on the quality of management in thisaare

At the same time, getting amlgcation requires more and more public and private expenses. In poor and
deweloping countries, this growth is dudo an increase in children's and you#itsess to education (it is becoming
more accessible), in developesuatries- to an increase in thguality and diversity of educational trajectories, and
individualization ofeducational programs.

In particular,the concept of Individual Education in t#ine did not exist as such, and the corresponding
law was only recetty adopted. Recognition of théght of education seekers to an individual educational trajectory
(IET) is one of the progressive innovationstoh e Law AOn Educatideée (201np, pewhbso
of realizing the personal potential of aruedtion seeker, which is formeaking into account his abilities, interests,
needs, motivation, opportuniieand experience, is based on theich of the education seeker of typespferand
pace of education, subjects of educational activity and eiduehtprograms offered by themdwcational
disciplines and their level of complexity, methods and meandafe at i ono [ 1] .

Such a law was necesy, because nowadays the priority goahis development of competent specialists.
Necessary qualities for el specialists are the ability feeltdevelopment and setféalization. Ensuring these
factors is possiblevith an orientation to educationatqeesses that involve taking into accotin capabilities of
each individual, their needs and freedom of choithus, in our time, every stutteof education can expect to
receive an education and choose an indiviedalcational trajectory (IET).

Analysis of recent sources

Focusing on the praém of the formation of IET, we should, first of all, turn to sourttest consider the
process of imgmenting the functionality that could be used for its formation. This éstduhe peculiarity of the
conceptof IET, which can be interpreted as follswit's a personal path of personal development of the student's
potential. This path is formed congdng the abilities, interests, needs, motivation, abilities and experidribe
applicant and is based on lulsosen types, forms and pace of learngdycational programs, disciplines and their
level of complexity, métods and teaching. An IET is aldetermined by an individual curriculum.

Accordingly, for the implementatioonf IET, a tool is needed that witeke into account the personal
characterigcs of the applicant, his interests, needs or motivation, as wploage further advice on choogj the
appropriate educational institution.

Such a tool should be linked the educational institution for bett efficiency. The most common tools
creaed for educational institutions are information systems, as thein ke fields of education is rasive. This is
due to the urgency of effective provision and organizatiothefeducation of pupils/studentstime transforming
education system, formgna new information mentality of all interested parties. Such ragigldpment requires
constant mornoring and assessment of the state of the education system, which is badieel collection,
processing of infonation, and analysis of educational datecessary to ensure the adoption of sMalinded
management decisions

Several researchers described dubstantiated the use of modern information technologies in education.
The conducted analysis showed that erwdinformation technologies give studemtscess to nectraditional
sources of information, increase the effitccy of independent work, provddcompletely new opportunities for
creativity, finding and consolidating dessional skills [2].

If we return b the consideration of sources while thimk about the functional implementation, it is
possible to single owvorks of S. Sharov, ABogdanovand Sh. Danyla [3%].

Let us check the information system (IS) describedhm work [3]. The process of formam of the
trajectory is described as syalhich involves the analysis of the curriculum of the specialtyjlif@aization with
the annotationsf the disciplines that are included in the curriculum, as well as thgsisaf competencies that are
formedin the process of studying specific digaies [3]. The complexity of the process of forming an individual
trajectory justifies the use of imfmation systems to achieve results.

When developing the IS, the authorstbeimselves several tasks, amongchithe most important are:

1 Creating a prajct of the structure of the IS.

1 Selection of tools for IS development

1 Uploading official informatiorabout educational programs, users, etc. into the IS.

The most important funions of IS include the following:

1 Creation, editing and approval of the catlum for a specific educational program.

1 The student's choice of diplines by choice from the lisif courses by choice of the curriculum.
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1 Formation of an individual study piaby the student.

Worth mentioning ttat different information technologies,csuas the PHP programming language and the
MYSQL database were used the development of IS. The cted system was implemented in the form of an
interface program with full fuctionality according to the descrithenethodology.

Another example is descridén the article [4]. The information support system developed fnetk@mple
is designed to help ppte who want to get an education for employment in creating IET, with thsilplity of
analyzing their currerknowledge and skills and comparing therthwhe needs of the labor market [4]. The system
is implemented usmweb technologies such as PHRI davascript, and the design is developed using the Bootstrap
framework.

A main feature of the system is its mdarity and openness, which allows for ther expansion or
temporary use of modules of other systems [4].tAltof seven modules were devedob
The main module (provides representative and general management fejnction
Communication module (ensuregtpossibility of free expansion of the tsm).

The profession space module (ensures the possibility of @gistand description of professis).
Knowledge module (allows you to accumulate and systematize a lisbefédge).

= =8 -8 —a 8 2

The knowledge determinant module (determines the level of professionaldahge of those seeking
a profesmn).

1 The ability determiner module (helps in choosing professions bastnd émdividual characteristics of

aperson's abilities).

The analysis of thesgorks showed that although the ISs were developed and performasstgaed tasks
(formation of indvidual trajectories), none of them gives any recommendations when choadstiigirtes and
forming trajectoriesAll implemented systems only optimizedetbrocess of collecting and providing information to
the user. Thuswhen using such a system, the rusefaced with a choice among dozens or even educational
programs and disglines without any help in their foration. Also, among the reviewed recommeagiwh systems,
the use of an ontological approach was not noticealblieh would allow obtaining moraccurate results.

The last IS taken for consideration from the article {igscribes a recommendation systenn fo
personalizing the learning path. Duritige development of the system, various web technologies were uskdssu
JavaScript, AngularJS, Baitap. NoSQL DB technology MongoDB was used for data storage. The develope
recommender system uses hybridefing with more active use of contenttdiling and less active use of
collaborative filtering. The algorithnaonsists of analyzing the prefaes and interests of students and finding
appropriate educational materiaBearching for content occurs inrias ways, which are separated into safear
functions. These functions use the binltogic for determininghe recommended weight, whichgeesented in the
form of a transition graph. As a result, recommendationdtfe user are shown with a list wfenty educational
materials. The usersd has the opportunity to find out why this particular discipline geemmended to him and,
accordimgly, decline the recommendations and receive a new one.

Although this IS use web technologies, which gives &rtain advantages over other implementajahe
algorithms used to determine and provide recommendatiorfarafitem what is necessary to gelthe problem of
IET formation. The input data for performing the analysis the preferences of students #ralr interests, which is
a meager amourtdf information in the process of forming IET. Such a limited analgaimnot be efficient and is
unlikely to provide accurate results.

The purpose of the work is:the creation ofin information system model thatlhassist in the formation
of IET with theuse of ontology.

Presentation of the main material

During the literéure review, it was concluded theurrently there are no competent existing IS capable of
assisting in thedrmation of IET, which would use wetechnologies and data analysis at the esdaime. The
complexity of the data analysis process lies in the jettigs of the formation of IETpamely, finding disciplines
that would satisfy the student. For this, itnscessary to conduct a data analybiat would take into account the
characeristics of the student and his professional inclinations and walddtsthe appropriate disciplindém
educational and professional programs. With such ideas, the IS modetrhation of IET was developed thithe
use of ontology. Additionally, th@rocess of assisting in IET formation in the system is ensured thartke
following modules:

1. Careermrientation tests to determine the characteristics of students;
2. Algorithm for determining the semantic proximit bet ween student 6s
disciplines from educational and professional program with the usgabgy.

There is also a systemaaiule that is responsible for creating a user profile and interaction bethe¢S
and the database. Beforenetdering the operation of each modulalatail, it is necessary to determine the general
characteristics anfiéatures of the system. In pattiar, the general scheme of the IS is shown in Fig. 1

— — s - ~ " [ \,,..: wA W —”x*\v\‘ vy 1),5023-(317) 11
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Knowledge
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| S—

Fig. 1. General sckeme of information system architectue

The corresponding model of the IS dampresented in the form of a threlement tuple:

S ={A,V,R}, (1)
whered =Qy, Ay, ..., @y § a s of subjects (agents) of the recommender system, where students who use
the system, teachers who form the knedde base, and teachers who form IET acagentsV =V V2 s Vni
set of properties of agem@ =N.,",--, T i set of relations between agents (interaction) inherent in the subjects

of the information system
The logic of he behavior of such agents is presentethéinform of a graph of state transitions shown in
Fig. 2 and refled the process of forming IET:
1. Information system Determines the behavior of the agent when using the sy3teenresult of using
the system isbtaining a list of necessary disciplirfes the formation of IET.
2. Ontology- Defines the behavior of the agemhen forming the knowledge basehich is used to form
the list of disciplines (when determining the lingfi¢ assessment of test results).
3. Individual educational trajectory Determires the agent's behavior when forming it. The list of
disciplines whiti will be included further, durgnformation of IET is obtained from the IS.

@t}mmendation system \

Testing

Y

Pass test Acquire
Use system again recommendations
Recommendations €———————
Agent
- Create Knowledge Ontology )
bass [
>L Knowledge base
Individual education v
Create IET trajectory
10T

Fig. 2. State transition gragh of IS agents

Accordingly, the fdlowing entities act as agents in IS: Stngjethe teacher who fills the database; the
teacher who fills the Knaledge base.

All agents interactvith each other through the processes that ensure the formation of IETallyotire
interaction of agents care presented in the form of a graph shawkig. 3.
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Fig. 3. Interaction of agents in the IS

With the inteaction of agents in the systemewan proceed to an overview of the processes on which the
system is basedror this, a diagram of the systentiaity was constructed, shown in Fig. 4

In the process of performing its task, the IS uses three differeatttedetermine professional ortation

These tests offer the user (student) a number of questions to lehiolust provide an unambiguous ans{yes or
no) or choose one of several wes options.

In general, the system uses the following tests to mdterprofessional aptitudes:
1 Quesionnaire of professional orientation (QPO) of J. Holland7[6,
1 Questionnae of professional inclinations (QPof L. Yovaisha [8].

1 Questionnaire foretermining the type of pregsion (QDP) by E. Klimov faL1].

User Information system

s

N [ Creation a user profile

[ Entering personal data J

Passing the test ]

[The user is satisfied with
resulf]

[The user is not satisfied with
resut]

Choice of professional 1
orientation J N L

SIOFE results in user p[OfIlE

:LLL

Search for disciplines that
correspond to professional
characteristics

i_rf

Creatlon of recommendatlons
based on achieved results

::: N I tisfied with &—‘ [The user is not satisfied with
. he user is satisfied wi

resul]
resulf]

O btain semantic proximity

Fig. 4. Activity diagram of IS
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J. Holand's method determines the degree of connection of an individual wiffelitheof professional
activity to wrich he has natural inclinations. There anetypes of professional environment: realistic, intellectual,
socil, conventbnal, entrepreneuriahrtistic[6].

L. Jovaisha's questionnaire of professional inclinatioaénied at identifying tendencies t@wk in various
spheres, such as: sphereadf (manartistic image); sphere of technical interests (stemniqe); sphere of work
with people personperson); the sphere of mental work (inclinations to mental activitg)sphere of physical work
(inclinations towards mobile, physical work); tlsphere of material interests (production and consumption of
materialgoods, planning and economicisity) [8].

The questionnaire for determining the type of future professioording to the methodology of Elitdov
is based on the theory that when @bing a profession, a person directs his thoughts first of all to lvehaill work
with, i.e., to thesubject of work, then to what he will do with it, i.e., for the purposeak. Based on this, Klimov
proposedto classify professions according to tf@lowing characteristics: subject, purpose, lsoand working
condifons

Passing each test allowswt get a result in the form of a professional type of student, Nexstudent is
asked to choose one of ttieee professional types that were defeed by the tests. A student can retake the test if
he is notsatisfied with the results. If he is s$sfied, data is saved in the user profile, which is stored in trebdsae
of the recommendation system. Theufesof the test are professions that available in the National Classifier of
Professions. This wilavoid ambiguity when receiving a resuitom three different sources and provide more
accurate results if éhuser can choose what he likes best.

The professional type assigned to the studemtst be compared in terms of its compliance with the
disciplines fromDB and KB. The process of compag these data is based on the definition of semantic proximity
between words.

Semantic proximity is determinagsing the ontology in the developed IS.ingsontology is an option to
prevent ambiguities, facilitatehé impementation of sulsategories, andbtain more accurate results. Such
advantages are caused by diffiges in structuring and systematizing datements that meet the needs of the user.

Ontology is a detailed formalization of some domain of knogéegraented with the help of a concegat
scheme. Such a scheme consists of a hierarchical structureagiptairrelationships between them, theorams
restrictions that are adopted in ate& software §.

The ontology used in the work consistskefywords that correspond to disciplinBesm the work programs
of courses in a higher education institutidhe formal model of such ontology can begented as follows:

0={B,CX}, )

where B are terms of the subject area (disciplir@)‘ the relationship betweethem (depends on educational and

professional programs‘}‘,' i interpretation functions (weight ofstiplines assigned according to variotitetia).

In general, ontologies are also defined as a kydebaseo f a s peci al ikcatordof or as
conceptualizationodo of knovwdedde pasecig differentefram a dathbeseifcoperatesopnt of a
knowledge, not data. Enhdifference between knowledge and data is that data isaofdym d representation of
knowledge, tht is, knowledge is a much deeper and broader concept.

In this reseech, Levenshtein algorithml] was chosena search for relevant concepts in the trdy for
semantic similarity with the professional type assig) to he student. This algorithm allows determine the
minimum number of insertion, deletion and replaeamoperations necessary to transform ongueece of
characters into another.

For the correct operation of the algorithm, it is necessary tarmhataonological description of educatial
and professional programs and corresponding selective dissipiiiee search and obtaining of the ontolabic
description is carried out using thelsy ab u s obtained from the wdbwite of
Poyt echni co.

Also, it is necessario convert the received professional inclination into appropriateegsions. Dozens of
different professionsall under each personality type definedtie test. Thus, there is an additional need to limit the
nunber of pofessions that are given as itgpuo the algorithm. To do this, you can offer the student to make a
choice from those professions that he likes most. Next, each of the professiohssen by the student must be
broken down into concepts thagstribethe professions. The need to sseh plurals for professional description is
due to semantic ambigyiand limitations when directly compariniget names of professions with the elemarits
the ontological presentation of the content of the diswgl

After the actions described aboves wvalculate the measure of semantic closeness. Formally, thehatgorit

looks like this: let the given set Be= P1,P2,---,Pn, wherep is a profession obtained after student passed thercaree
guidarce test. Initially, the list of pfessions was larger, but later it was reduced to several profesacxrording to

the student's choice. NexXar each element df, we create a subset, for example, such subset wouldikeoR =
€1,C2---, ¢n, wheee ¢ is a concept that describe profession.
We conduct shilar preparation with the ontology: the €&t = 0p1,0pz,-..,0Px, whereCP is a discipline

from the educational and professabprogam. Any educational and professa program has dozens of disciplines,
even if limited only to seldive ones. The ontological description ofchudisciplines is presented in the form of
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keywords (concepts), so we present each discipline asPassét, dz,---, dn, whered is a keyword describing the
discipline.
Then, with the algrithm at hands, we would perform followisteps (in terms of using IS):
1. We perform alculations to determine the semantic distance between kanbre ¢ P andOF using
the Levenshtein algorithm;
2. Pairs of words, the numerical value of thetalice between which is less than 3, are idened
semantically close;
3. For the choserducational and professional program, we proceed to the cmpafits disciplines
with professions
4. We calculate the distance between elementsafdD.
5. If the obtained numerical value of the distangdeiss than 3, we consider the discipline to which one of

the compare concepts belongs, semanticailpse to the profession keywofdWe repeat the process
of calculating the distance until the diglimes end.
6. We record the received disdips in the list and recommend the user to include themIliB&n
It is worth noting that the thirdtesp of the algorithm depends on the user's actions. After comptating
first two steps of the algorithm, theser will be presented with a list of theost semantically relevant educational
and professional progmss. Fronthis list, he should choose ordye that he likes more.
We will conduct test calculations with raomd input data for a better understandinghaf process. Suppose

after user has passéite career guidance test, the system received the folloseingf pofessions® = finander,
logistician, IT specialist, economist, physicist. Relevant stshsf these professions:

1 P:1=finance, management, strategnpahce specialist.

1 P2 =logistics, management, $gms, pocesses.

1 Ps = programming, computer engineering, software, computer systems.

I Ps=economy, business procesdassiness development, economic system.

1 Ps = physics, hanomaterials, nanoelectronics, energy.

The setof educational and professionatograms is unchanged and is obtained from the website of the
Natioma | Uni versity ALuviienisBimilaywitreticerdiaciplnes, butik Wwoeth noting thagin the
algorithm, as well as in the wiq the main emphasis is placed on théestive components of the educational and
professional program.

For test calculations, we will choose the follimg set of educational and professionadgrams (a random
sample is limited to a few options for clgriand asimplified presentation of thdgorithm's work). Also, for more
accurate operation of the algorithin some cases, it is necessary to brealptirase into separate words:

OP = journalism, science of law, system programming, metallirgemational economic relations.

Next, we calculate the distance between the descriptive words of #tepfiofession and the first
educational angbrofessional program from the list accarglito the Levenshtein algorithm. The first educational
progran has tle following keywords: text, comnmication, speech, dialog. Distance calculation:

1 Di st ance nbaentcveede m nfidf iRt ext 0o = 7.

T Distance baegewmeennt ofi maannd At ext o = 8.
i Distancebetweei st r at egy o and Atexto = 6.
1T Distance betweBhnexBspeciali sto and

According to the results of aulations, the considered pairs of concepts are not semanticadlg. dVe
couldnét find bhenpxbkeyword: Proceed with t

i1 Distance bed waerd fMdommamnrciecati ono = 11.
i1 Distance bet weenmncfomanuad é menrdt & drld
i Distancestratwegywo Afiand Acommunicationo = 11.

1T Distance betwderdcsnpeai claitstommoarwr 10.

Similar results wer@btained when comparing with the resttibé keywords. No semantic similarity was
found. Let's move oo thecomparison with the next educatia | and professional progr a
program is writtn with the following keywords: jurisprudemclegal system, legal space, humanizatistance
calculation:

1 Distance bet we e isprdtérmoegd szt ilcOs.0 and d@Aj ur

1T Distance beetnmeenetnd flammadn afigf ur i sprudenceo = 11.
i Distance betweenspsydéermed antilfijur
1T Distance betsweeamdfppgijwucespea udenced = 10.

The result issimilar with the rest of the keywords, the semantic sintjlahias mt been proven. We
continue the emparison until we get a value that does not exceed the numbeeef This value was obtained by
comparing wih the keywords of the educational andfp®s si on a l program ASystem Pro
next: canputer @gineering, software engineeringystem programming, system software, computer systems and
networks,system software tools. The correspondingiparisons according to the Levenshteiroalim:

1 Distance between fiprogrammingo and fisystemo = 1

> >
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i Distancebe ween Aprogrammiinnggdd a=ndl .Apr ogr amm

9 Distance between ficomputemeemging®eri igd and fAcomp
9 Distance betweefsyisopémware6. an

9T Distance betowaend Msofft wareo = 1.

9 Distance between ficcoomgppuwtiteystsgmsemsoland

1 Distance betweeicomput er systemso and finetworkso = 14.

Having received four semacally close keywords at once, the systenteem this educational and
professional prgram into the list for further recommendation to its user.

In a similar way, the semantic similarityiwt h  t he educati onal and professi
EconomicRel ati ons o was det eekperimant with test data,citasnnecesstnysmulate the
user's choice between two educational progga

L ed say, the student chooses ancedut i on a | and professional program
Then,consider the set of disciplines of this gram with keywords:

1 Designing operating syems, utilities and drivers = developing systems/utilitiégds, designing

systems/utilities/drives, debugging systems/utilities/drivers, improving systems/utilitiegers.

1 Technologies of parallel programmg = multiprocessor systems, parallel peogming, parallel

computing, message passing system.

91 Directions of research and development of systeragramming = system programming, programming

research, programmirggvelopment.

1 Research and design of netwanperating systems = operating systems, iaghtnation tasks, software

for automated systems, analysfoperaing systems, web server perfornsan

9 Parallel programming of higherformance computer systems = fataprogramming, high

performance informatn systems, higiperformance systems artdgture, highperformance software.

An example of calculatinghe disgance between the keywords of ther o f essi on Al T speci a
optional disciplines oftheedact i onal program fASystem programmingo:
Distac e bet ween fiprogram8 ngd and fidevel opingbo
Di stance between fiprogrammingod and fidesigningo
Distancebeve en FfApr ogr ammi mmgo &8nd Adebuggin
Di stance between fiprogrammingo and fis
Distancelet ween fiprogrammingd3and fimultiopr

fipa
Ap

stemso = 10

e
g
y
ocessoro =

Di stance between fHptbgtammi Bgdo and

=4 =4 =8 -8 -8-0_0_4_4_4_4_4_49_-24_-°

Di stance between fiprogr@mmingo and rogrammi ngo
Dist ance bet ween Mpaommgutaimmgn gd 7a.nd
Di stance between fiprogrammingoé and fAresearchodo = 9
Di stance between fiprobog=s alnbmi ngd and fisoft war e
Di stance bet weenfadauwtrongataemdtd ngg 01 Ga.nd
Di stance between fpirnroggd asmnme ngo and fAoper at
Di stance betweandfifpeodmamancgegd = 13.
Di stance between fthprtegrtammidongo ldnd farc
Di stance bet wmgen afhpir digmd mmimati ondo = 9.
According to tke results of calculations, we get the following pairs of wpmthichcan be considered

semantically ose:

f iprogrammingd and fAprogrammi ngo.

T isystemso and fAsystemso.

1 Astoiared and fAsoftwareod.

Key words from the diained word pairs belong to the discipne i Di r ect i ons of resear cl
of system programmig 0 , rallédl pragramming of higiperfomance computer systemso and
parall el p Acoogdingdymmei cangrecommend these discipd from the educational and professional
program ASystem programmi rEg.0 for inclusion in the stud

If the user is not satisfied with thecommendations received, he can take the test again and start the
process of generating recommendations adéithe results suit the user, they wiletformed in the form of a
recommendatory list of disciplineEhe use can then send the results ob&d to any external service for the further
aid in formation of IET.

=]

Conclusions

The article analyzed the cuntescientific task of forming an IET, codgred existing examples of solving
the problem, and proposedway b solve it in the form of an IS odel for forming IET. During the research,
information system withhte use of ontology was developed. It waste@swith random input data, which
demonstated high accuracy of the results

The scientific novelty of lotainedresults is that the ontology wased in the development of information
system. The peculiarities ttfie problem of generating recommendationsafio individual trajectory require not the
data filtering tool used in most recommender systems, poterful semantic basis for the selectiand search of

16 Herald of Khmelnytskyi ntonal university, Issuel, 2023 (317)



x v .. “ W Tt

ISSN 230-5732

disciplines that satisfy the student. Such a tool lmartonsidered an ontology of keywords bejiog to selective
disciplines in educatial and professional programs.

The practical significance of btained results is that the informationystem for the formation of
recommendations was developed. The cotetldest calculations demonstrated the héglcuracy of the data
selection and seargbrocess for the formation of recommendations, which was \asthithaks to the use of the
ontology.

Prospects for further research will be directed to the modificatidgheo&lgorithm for determining semantic
proximity, use of additional tools to increasscommendation accuracy even more and the practical implatioen

of the IS. It is planned to use twéechnologies to ensure relevance, availability and uninterrupichtion of the
system.
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BABENKO Oleksiy, KUTINA Maryng PROTSENKOLyudmila
Vinnytsia National Technical University

STUDY OF THE EFFICIENCY OF THE A PPLICATION OF BIOGAS INSTALLATION S
AT ENTERPRISES OF THE AGRICULTURAL COMPLEX

The issue of energy saving is becoming more and more urgeaking into account the destruction of peer generating facilities.
One of the energy saving options is the usealtérnative energy sources. This not only an economic benefit for consumers, but also a
reduction in the load on electrical networks anghaintenance of the reliability of the powesydem due to the decentralization of electricity
generation in wartimeconditions. Alternative sourcesf@lectricity include energy from the sun, wind, seas, rivers, biomass, and Earth's heat.
At the same timetheir effectiveness depends on many fastdnce Ukraine has a powerful industrial agricultural complex, its sleain GDP
is about 10% and its sh® is growing annually, therefore, an urgent task is to analyze the feasibility of using biogas plarigeatock, agre
processing and municipal wste enterprises. We should not forget about the environmental friendline$lectricity production usinghiogas
plants, which will ensure the preservation of the environment, and therefore the health of desoémdanterprises of the agrmdustrial
complex for the production of products require significant amounts of elecii energy, along with this, thevaste of the activities of such
enterprises is sewage and organic waste in landfills, from which biomass lze obtained. Biomass, in turn, is thewamnaterial for the
production of biogas, which is needed by biogas plataigenerate electrical energy. Alysis of the amount of waste from agiiadustrial
complex enterprises, which can be used as raw materi@s the production of biogas, showed thdtkraine has prospects for the
development of biogas energy, based on a pdwl agricultural sector. The us of biogas plants will provide electricity, heat and hot water to
enterprises of the agrarian complex, drwill reduce the load on traditional energsouces.

Key words: energy saving, biogas plants, biomass, energyesfig of enterprises of the agrimdustrial complex.
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BORTNYK Gennadiy BORTNYK [ | e x, KYRA¥LYUK Sergiy
Vinnytsia National Technicalniversity

SPECTRAL-COVARIATION METHOD OF CLASSIFICATION OF RADIO SIGNALS

The paper proposes a higberformance method of radiosignal classification based on spectaariance evalation of signals.

At the same time, mulistage processing of overlappy subsequencesf readings of the investigated radiosignal in the time and frequency
domain is carried out. At the first stage, it is proposed to evaluate the parametérthe radiosgnal based on the found power spectral
density of the investigated siwal.

To determire the spectral density of the radiosignal, subsequences of readings obtained from the array of input readings of the
investigated signal are formed. The mamum shift béween two adjacent subsequences is chosen, that is, the initial rei@izaf the sigral
is presented in the form of overlapping subsequences. Taking into account that two adjacent subsequences have part of coyoesseg
readings, the papeproposes arexpression that for each new subsequence of input readings would ir@leaccount thecoeficients of the
discrete Fourier transform, which were determined for the previous subsequence of the input signal. During the followieg,stag shpe of
the spectrum of the analyzed radiosignal is compared with the spectrum sarapdpecified byhe qerator of the radiocontrol system.
Comparison of the spectrum of the investigated radiosignal and the spectral mask is based on the determined camretsfficiet.

The approximation of the value of the correlation coefficient toityncharacterizes the degree of linear relationship between the
spectrum of the signal and the mask. This makes it possible to determine the type and positions of radielshbaeed orthe obtained
sequence of correlation coefficient values for differeshiifts of the spctral mask.

The analysis of the effectiveness of the proposed method confirmed that thanks to the developed method, it is possit#ade inc
the productiity of the pectralAT OAOEAT AA AOAI OAGEI 1T | £ OAArgion e Wlnd iofthe Andlyzeg 8 T 6 8 0
implementation of the radiosignal and the number of overlapping subsequences. The maximum performance factor is achievethavhen
initial i mplementation of the radiosignal is divided into 64 overlapping subsequences. Tiopgsed method &n be used in automated
radiotechnical control systems to monitor the radiosituation in real time.

Keywords: power spectral density, fast Fourier transfomadiosignals productivity.
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VASYLKIVSKYI Mikola, VARGATYUK Ganng BOLDYREVA Olga
Vinnytsia National Technical University

INTELLIGENT RADIO INTERFACE WITH THE SUPPORT OF ARTIFICIAL INTEL LIGENCE

The peculiarities of the implementation of the 6G intelligent radio interface infrastructure, which will use an individual
configuration for each individual subscriber application and flexible services with lower overhead ¢cdstse been studied personalized
infrastructure consisting of an Aknabled intelligent physical layer, an intelligent MAC controller, and an intelligent protosotonsidered,
followed by a potentially novel Abased eneto-end (E2E) deviceThe inteligent controller is investigated, in particular the intelligent
functions at the MAC level, which may become key components of the intelligent controller in thes f(ftbe joint optimization of these
components, which will provide better system perfornm® is consideredt Was determined that instead of using a complex mathematical
method of optimization, it is possible to use machine learning, which has less exityland can adapt to network condition#\ 6G radio
interface design based on a combinat of modeldriven and data-driven artificial intelligence is investigated and is expected to provide
customized radio interface optimization from preonfiguration to selflearning. The specifics of configuring the network scheme and
transmission paramegrs at the level ofubscriber equipment and services using a personalized radio interface to maximize the individual
user experience without compromising the throught of the system as a whole are determined.

Artificial intelligence is considered, whicill be a built-in function of the radio interface that creates an intelligent physical layer
and is responsible for MAC access control, network management optintimafsuch as load balancing and power saving), replacing some
non-linear or nonconvex algaithms in receiver nodules or compensation of shortcomings in ninear models.Built-in intelligence has
been studied, which will make the 6G physical layer moreaatted and efficient, facilitate the optimization of structural elements of the
physical byer and proceduraldesign, including the possible change of the receiver architecture, will help implement new detection and
positioning capabilities, which, in turnwill significantly affect the design of radio interface componenthe requirements forthe 6G
network are defined, which provide for the creation of a single network with scanning and communication functions, which must be
integrated into a single strgture at the stage of radio interface design. The specifics of carefully designing a coimation and scannig
network that will offer full scanning capabilities and more fully meet all key performance indicators in the communicatindestry are
explored.

Keywords: intelligent radio interface, key performance indicator, radio access netwafRificial intelligence, intelligent
controller, data transmission channel.
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VASYLKIVSKYI Mikola, PRYKMETA Andrii, OLIYNYK Andrii, NIKITOVYCH Diana
Vinnytsia National Technical University

OPTIMIZATION OF INTELLIGENT TELECOMMUNICATION NETWORKS

The paper presents the relts of research ontte useof machine learning in telecommunication networks and describes the basics
of the theory of artiftial intelligence. The impact of dynamic Bayesian network (DBN) and DNN on the development of many technologies,
including user acivity detection, chanel estimation, and mobility tracking, is determined. The indicators of the effectiveness of
communicatons based on the theory of information bottlenecks, which is at the junction of machine learning and forecasting, statredics
information theory, ae congdered. A neural network model that is pretrained for higbvel tasks and divided into transmitteside and
receiverside uses is investigated. The process of learning the model, which is performed after its adjustment, takamgaunt the existig
transmission channels, is considered.

New ANN learning techniques capable of predicting or adapting dudden changes in a wireless network, such as federated
learning and multiagent reinforcement learning (MARL), are reviewed. THBNDmodel, which desibesa system that dynamically changes
or develops over time, is studied. The considered model prowidastant monitoring of work and updating of the system and prediction of
its behavior.

Distributed forecasting of channel states dnuser locations asa key component in the development of reliable wireless
communication systems is studied. The possipitif increasing the number of degrees of freedom of the generalized wireless channel G(E) in
terms of: the physical propagation chaml, the directionaldiagram of the antenna array and mutual influence, electromagnetic physical
characteristics is substatated. The impact of ultrahighresolution theory on the development of many technologies, including localization
algorithms, compresed sampling, and welessimaging algorithms, is also identified.

Mathematical expressions for optimizing the functional atacteristics of 5G/6G radio networks are presented using new,
sufficiently formal and at the same time universal mathematical toalgth an emphasis ondeeplearning technologies, which allow
systematic, reliable and interpretable analysis of large randamatworks and a wide range of their network models and practical networks.

Keywords: deep neural network, mudigent reinforcementlearning, dynamic Byesian network, supefresolution, hidden
Markov model, wireless channel.
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VESELOVSKA Nataliyg BURLAKA Serhiy
Vinnytsia National Agraria University

METHODS AND TECHNIQUES COMBINATION WORKING BODIES OF COMPLEX SOIL PROCESSING
MACHINES

The article establishes that the combination of working bodiedillage machines can be optimized with the help of mathematical
modek and algorithms. Thse expressions provide valuable information about the performance of tillage machines and can be used to
improve their efficiency and productivity. Using mathematicalodels and algorithms, engineers and inventors can optimize the giesif
tillage machines and improve their performance, leading to improved quality in field operations. In addition, the combination of working
organs in tillage machines can also be anafd using numerical simulation methods. These methods use mathematreadels and
algorithms to simulate the behavior of tillage machines in a virtual environment.

Numerical modeling techniques provide valuable information about the behavior of tillage hiaes and their components,
allowing engineers and designers to optine their design andncrease productivity. Using numerical simulation techniques, engineers and
designers can verify the mathematical models and algorithms used in the analysis of dillagchines and improve their accuracy and
reliability.

Thus, the comimation of working bodies in tillage machines can be analyzed and optimized with the help of mathematical
models, algorithms and numerical modeling methods. These methods provide valuafilenation about the performance of tillage
machines and can be udeo improve their ficiency and productivity. Using these methods, engineers and designers can optimize the design
of tillage machines and improve their performance, leading to incredsefficiency and productivity in field operations. In addition,
numerical modeling technjues can also be used to analyze the environmental impact of tillage. For example, modeling can be done to
determine the impact of tillage on soil erosion and greeniseugas emissions. By analyzing the results of this simulation, eeginand
designers ca improve the sustainability of tillage operations and reduce their environmental impact.

Keywords: soil, aggregate, model, tillage, mathematical model, indicatonstilage aggregate roller, cultivator, working bodies.
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VLASYUK Valentyn
Kryvyi RohNational University

BUILDING PREDICTIVE ELECTRICITY CONSUMPTION MO DELS FOR TRADITIONAL AND SMART GRID
POWER SUPPLY SCHEMES FOR IRON ORE MINES

The paper studies the peculiarities of bdihg predictive modés of electricity consumption according to the traditional and
considered schemes built on the concept of Smart Gailwell as the rapidity of changes in the mode of electricity consumption, chaotic
avalanchelike and forms a corrggonding series of mblematic issues. Need to be solved today: first of alystematization of electricity
consumption volumes at thigon ore mine. This problem is relevant not only in terms of reducing the irregularity in the amount of electricity
conaimed by the iron orenine, but also will increase the efficiency of energy consumption, which in turn will increase the volume of oduc
(iron ore raw materials).

Predictability of electricity consumption models is carried out by isolating these relastoips between theseariables by
statistical - mathematical method of multiple correlation, as the predicted model of electricity conption is influenca by a large number
of factors. The basis for the construction of predictive consumption models faditional power suppy schemes and their subsequent
transformation are "smart technologies" of power industry development. The introdostof "smart technologies" including Smart Grid will
allow to stabilize and predict the schedules for the volume of mamed electricity ofron ore mine, in contrast to the traditional schemes of
its power supply.The purpose of this work is to investitga the issues of construction of mathematical predictive models of electricity
consumption developed for traditional antuilt according tothe concept of Smart Grid power supply schemes and contributing to increase
the volume of production (iron ore raw terials) and reduce the cost of their production to compete in quality and price. with foreign
producers of raw materids of Ukrainian ironore mines

Keywords: power consumption model, power supply schemes, Smart Grid concept, mathematical model, imoneore
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OPTIMAL CONTROL OF THE WELL DEEPENING PROCESS CONSIDERING
THE CONDITION OF THE BITTING EQUIPMENT

Since the process of mechanical deepening of the well isstationary, stochastic, evolving in time and largely unreproducible,
there are no analytichdependencies foretermining the initial speed and the clme rate of the estimation of the state of the bit equipment,
therefore, empirical models of the polynomial form were applied, which were obtained according to the conducted experimesgalch
plan, the matrix ofwhich is appropriate for a full twefactor experiment, since two parameters were chosen as controlling influences: the
axial load on the bit and the rotor speed. The software has been developed, using MatLab environment to calculeiseof the inital
speed of penetration and the rate @hange of the assessment of the bit arming state. To determine the parameters of the mathematical
model, the method of least squares was used, in accordance with which the square of the resithiadrf was minimizel. The values of the
parameters of the dund dependencies were used as the source material for the software implementation of the solution to the problem of
finding the optimal mode of the well deepening process, considering the aratioily wear of the bi armature. Since the objective function
describing the criterion of optimality of the minimum cost of one meter of penetration isinear in relation to the control influences, and
the restrictions on the magnitude of the axial loaand the frequency frotation of the rotor are twosided, he method of sequential
quadratic was implemented to solve the optimization problem with the MatLab environment programming. During the process of
implementing this task, the optimal control actits and the final vale of the assessment of the state of th#l equipment were determined
according to the criterion of effective completion of the drills. As a result of the research, simulation modeling of t@isodf the
optimization problem wascarried out, which howed a decrease in the cost of a metépenetration by 2.8 times.

Keywords optimal control, iterative method, control influences, bit equipment state
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BOGO! 57 fojtHdses ddzOR, ttsL odWL OdiPs d3 OmHEO Odzds Is o LFD oz digts s of
HY s 59 dz0o OdzlsOY j dedz? 2O HBdslsts ' oo fds@WseOdzsXidse 5 1t
sB dj Y4 dz . CS Ctdbjt' 2 sflsdBOd dsfyls’ Bzdzs o dBteOdzts o
tesLo OWL OdzO Ly dPtints sdg@ D MPdlatidr s tedid2 L dz' ] ftsH'  BdZO L OHOYO
[2, 9]. 1 jHBd ¢ tdaREsORdoe o) istf tcHfetmrdas@dedty yOfmlstslsd B kls
tolsstdts®kz Bkt dzdz' . uvtsBz, E tsetls' [10] 90d0® fiiskf§ B ddagdc
Cjtezo Odzdzv &3, Mkl wCts' bk btdkz, Mt dO §jo dsthl yDOdgdsdds,kkz
ftoed Wil dedz’  j o desets oL tcORtso Odese s YyOfmkz o  HBRZOO' I8 MW
Cdh 2. v0OCO MdcOisj@kvWL Gu'sls Oy Cjtkzeo Oddew ftetsyj Msdy, ¢

102 tetsfMmis' M dds d3j Is tsH sy Gdzdzd o3z fifsjigtisz 4SS tsiw 'j° dz0 o O dals Oy
ZO Hbdslk® 6 toy Afiplgjtdds@® dzdzy §f * Histed Blze Is! Mw § sM&Y 2 dzd B f tosls

] st odv dzt dzd?2 OdzOdz' L ste! 57 RjbtsH' © Cjtkzo Odedzy, § sz
CjtozoOdzblzy tolzo Oclzdz? dAff B8 S s ydr o zdo OfR H5COLOs [11], f
Cjtolzo Odada™ o ftstc' odav dzdz L g hyls dPsods, o saAE ) C,J telzdgjudzh jo oo
MCdzOdts 2,7 % tjoOd Loy v MmMkety§isdd)dddyselst §'ijstdd§ @dpalarfz
dzj L 3" deded B Htoslswetsd SHdsets tj2fMkz ftesatsHCd, ftedotsHdls
sflsd BOdz dafe” Cd ChE 5@Uzo dzv dzdz' L MkzesflsddBOde ddd S jtclzo Odsde” &
1,2%.

sOCdd3 yddzsd3, j WdzjsOulef iL ORy" P 2 € OMlEz dz8 @  dzj L dzOydzd 2 W
Chzo Odzdzv 5, Ctsdzd ! soj dzOo Odzls Oy j dzdz™ o) L deRfs dizsizy tzd |  dzE@t

fessseEmcts tj2Mk fesitsHCJ.

OV Od' L & bjOkiddn HYj) & §6CEOYYH Qdzdps HLgRdD ot GEsay
Cjtoko Odzdz? ftetsyj Msds § 5¢dzqB dzj dzdz Mo j toHrddsy' d.dz st I jdzv o © dizg
fsoowL OdsSs .3 M Unde@yj dedz” s lsdB3Odz degsets yOfmkz f jtejBlzo Odadz”
hts § 4 odedd3 ud detsrdzy dofddrdicEisjHa Odzls Oy § dedev dzO@ HEdzslsts °  yOMmlst
ZOo § OC d, Hdv odL dOYj dd? sfldBrOd ddr §@Get: afls H' dj 8BC
tesLOoOWLOIsd LOHOYE Oy sdOdz! detse s 9 HftcOyYs 9 Odgdzg? HBdZ' Is.

ABtedzdzs 0 Odzdzw ' dzj 2 Ml Olsls’

[ Jstsr dafsB BSL tctsB g Hzdzts § i3 Otz ad@sczdsY Qlthtqufljtsog f s¢ dzd B dz,
wed2 ' Hdalz® £ e Ho ' LOHOY @ t©Oy' tdOdz dz[sd;,@dzladzdi"l]’tcc
Cjtoks YdinsiH Sd et dzOo Odzls Oy j dzdzv  dzO ordzslz!zes@wsdgcmdz@[@a‘rq@srgm Ws
Edsssodh s o' Hsd3' BBdBJ Y Jdedew dzO € jtelze y' H

1l dC dzOH Ghdse dtsets BOLj o' Odzkz
[5fEMS O Bdts, hts Ghdssddd %OCktsttsd, WwWCd2dddso @ORO"
Mo jtoHdseaddsd, * Ldesf 26ets L Bles' dadav .
lted SOCEdl MY RN daday {fpasjyy idzst il b 6l fiAY  SOC Y
HdWJjtj dy' Od dedr to' o dzv dz :

1)

u) @)

L BOL df 5YOIs ¢ thfoy=0, Haktsh
L to' o dg¥ dzdzv §2 (et "' lsomh(t)[-mjusds@mum L 2Oy dedzy  §@BRsHC(

-fsY0kStse0 hoadHG fls: xcg)J”" -y Qi O Hids' Qeley ;s LKg (B - dzdzv

howfC ' flel' dzd s Odidzd s Btcts‘ldzvd%‘Fb,Nbl)HsdzﬁlﬁﬁistG Cj ol soifiso BE &
0o Odzls O j dzdzP, ' 2@ Os tetst s @ dxigts 5B

CS Sttdbjt' 2 flkdkOd dudfs'( tospbsjHdyqds ke Ok fiiss ¢ d3j Is
Cy(t,+T,) «d

=dld " To) e 3
q h(t,) 3
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HJC,-9 Otels' Mis! tsBtlsd BLREtse s’ kMistOdas®if dif jdmd sfiaetCasdey’ HidHOHES' (
Mo j toH iz po-tf tzq » O d'z MRl ‘o1 Mp'datf @ dz's f jdic® P'ed; Mis! HEkslO.
[MS a2 ¢d disd WisEdndyls dsoehy, (0) 5K, =K (0) -f sfyls' 2 d2' o j dzd ud ded .
tsLoOWL 502" 1o @ it K(O)s4lsOMis: BOCd?2 tojL kzd OIs:

x(t) Kt L. (4)
LV Bedjdls L OC" deyj dacet, "y jHE)so SGMEHG ] 2k o' o dg¥ dzdzw  (4) L da
1
td:K—x(x 3. (5)
CShts attOREZO O] to' adevdedg (4), st MY 99  Hdatsh jdedgw (1)
dh(t): Vo ©)
dt Kt+1

tsLo 0wl 8¢ H( g ojduizd®@dz(BYc s OO &g tsHs OF dfse s &
VO

h(t):K—XIn(KXt ). 7)

UV dBsdgj dzls L OC ' dzu dedz Yttt e t5eas Hig jsH I dabte et o HEV plzdzy (7
L dzOyd dzdzv :
_VO
()=
wL  te' o dgv dede® (x4 )Ktp f dB@BL, h s

h(ty) = In x. ®)

X

In(K,t, 4).

1 9 ©OR ko Odadg di(t,),dzOnG'dz' 5B Ydidzj dz' L O W tstedslz da@sdgls ‘( 503 )  (
ZOBkZHj] LOSCBGEt L dzOyj dadzv :
C, ((xf 1) KXTlO) Keedl, o
v,Inx;
1 202 HY W sy tese WlkdCy' w (9) d&OBkZd&O o' da' BOd dzgsGts L

s S (G0 D ) k)

dx, vIn x '
WL dzgj 8BR' HdzdR Ekdstse ' MmEzko ©detfetizd 3Otz Bz tglz WkdsS y' ° (

C”_va:lonx(cd((x Y KT,) Kd) o
leOntsolzs yd Adisstydiasislz o (0H)d MOls
x, =0g. (10)
Cq

vl 99 Hdsh jdzdzw (10) ' Ctdlsjte’ &3 9" HYtcOWsP.Odzdz? H sdz"

[MS d& ¢ YOSt O W& dHEOImM kD fitissls j ddts o d dzd
WEdCy waiid Cjeh: mgdBes’' @&Oo Odzls By'j daf® fn lsiEtls dn sMiNdss st | deds dadi&d
Hieze O LOHOYO: LdP2Md BOE" CtdByptzzy siflsd d30dz! dzsils” (9) da
fed B djJ dede" AF,62Q. ey W' W'

10HOYE odeBttl t§ldBOd ddi S tebso Qs Bz » qeEvd j B & W
Co((xi 1) K (0)T,) K(O)d,

Vo (U)Inx,
fted OCdR B dj>J dada” 7o o
U..¢U & . (12)

¢ dzOdz' L MY " o9 Hdetsh j dzr (aldlL) dzO y j(dadav) ffusC@igCatz! ,dzdhcts CH dez &
Ctwedlsjte" ¥ (11) dj ®adxq( @dgls L dzOlsd L dzOyg dz

rdzv oedt’ hjdzdgv ftsMmlsQoadzj dzs” L OHOY odEttedMmlsO’ &3t IsOC d 3

min : (11)
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sl ) OHOMBSM! HEXY Wdd3 L dzOyj dadzy

stetEX. (Lo dVWLE ®dt Sflkdd Oy '=BdH N dBuld dizd 1 ) v'¢C (cls2
dzj dz' dz' 2 detse s t6' o dew dzdzv zdzf.) ¥ C ptcODE O ptzdeWds tc Ztlz@rigsx, ( 10) .
dzj 5BR' Hdzsb Lo OWLOIsd IsOCj dzj dz' dz 2 dzj OdzcjBtWO yYdzj t6' o dgv

(1|n>)1K%,od—

C. (13)

|dFOz

stt8S 1 tsSoffodys o

steEt (Lo OVWLOLd LOHOYE (11) x,/L @Q@2Hj dzp B wcthmists'e 22 .y
sttHC cCh s o d¢ sdpx'dl¥ 5 el BtsefO His 'CAp®Rhzj 2C ‘dalzj y! 5B yd M

l GEtOBRZO ) Od LOY' ¥ B bsHE
[dzv ftscteOdds’ ©jod Loy~ &) sisayg Fdy)sKi=KyEN,) B0d I
10 bjfjt"hds 2 YoOfm daj ' Mdzzs itk se' s, kzikEisdden0d) § d¢
v=%(FN) ' K=K[(RN,). uveshkz odistdfstsseksls: jd&f' tdyd BSH
Vo =V%(R.N,) " K, =K (FN,).
v BBl [ 2] L Oftdefsuds dzetsBtOHdg dz'IsOC " § o&i3f °
{Vo(Fb,Nb) , Kx(Fb,Nb)} kRN, i=1 2. (14)

[ B ' edydg BsHj dz (14) sy dzO ' dzj OtedL o Olsd, ftfs
My " o jHdddzy (14), IktBlt

=K+ XL i=12,
HdYI {IogvO ,logK, } K, =logk , X, =logF,, X, =logN, .
[BojHjds [2], it OCO d dzj Gtafdr. Caylswe . Bsy dzdo O fted o d

s2 & g
s2 =t + 8 , (15)
o8 nS(Fb,N)? 2 B(R,.N,)
sZ a
SgK =3 = & + iKX ' 16)
o KX(Fb,N)ge 2K%(F,,N,)
HisZ, ‘sl -Hdmy it fiwihCon, wC' oddadCRY N M fordEmnde  HEEEs IS
@O0 Wisd' OHdldesizdnsi jHedifflismiy’ © ., wC' SOLOCkjtdLisls: o'

BsHj &z (14).
V Bz e diGHth,SICE@EOCO d dzj OtedL Oy' v Bsyj @O &
Edise O f tcOCashCusiatalz * dgj v . v Bl v, F @t NG d'udK, = KB N,) dB'z 1 j Bt
fMddzls jLzo Olkd & osdedvH' {§tsd dsk o.
[dzv  f' Ho dhdjtdlEplsy oty dzOUj dzdzr f Ot O3 Istg'=g,( K N, B0 t6 d Y dac
K=K (FRN,)odCtstediisO’ ¢ ftesyjHiztek, tLtesBdzjdz £ tostsls' [ :
10 fjtehtsRBe jOf' tjOd LEsls! tosL toisjBlezdsad dizdzOdD j1€a
cdzdBddalz, L &g dzf ¢ yd Ftol, by’ o dpief O Cuidistdds© L f dzOdes 3 § S MY |
YOfflzL d3' dz¢ ¥ st Mw FU QU jhdssizvlsw e dzj L O MseBss L3 dzz fs5IOCse
6" o dWdp [ d C(2NY)P det)y-dej § jtejtods WhkdSy'® o YoMk, bkt
M " o9 ' Hdzsh j dadav :
h(t,)=0, hj-l(tj -1): h ('i 1)’ an
x(t) 2, x.4(4s) =4t ), i=2 N, (18)
HIN,-C " dz €' Mls! fJeseltej dadn ' dalsj tcoOaf dyjtdeiOle; HY tso ' Hdatsfyls'
CShts oatcOREoOIsd ftsyolsTise® ( 18)cHttg@®sstdgaary zbnls "' :

0= in 4 () ) 2=, i=iw, @)
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X (1) 2 K, (4) AK, (L t.ht=0, j=1N,. (20)

U 9 ' Hdftspls ‘HOdets oY dg S MY j tod d3j dzls iz CdzdB d dz@ Mo j teth.dztso d dzd
ufsfisjtejyjddy L0 {lstsyddd o dzOdiff Uads sxz § todsts dsH el (f, )o W @Aty v
k=L N,, NgG¢'dz ¢ Mls! o Hd C' 0.

2y eadL dzOUj dzde? § OO ste' & BSHjd (19) ° (20) MEGt
9' Hf B9 HdzsME" L ' B Cgulz @ @i tcOls WEdCy' ' dzjodwLCd, IstsBlsts
2(@)=a(m () a(1a)) i=1N, (21)

H;a,.:(vo,j,rg,j)T-a; Chste §OwLOd) ste' o, (Edy dzOu dz8 ) ¥ sedk &s2 (20) .

[ d &3 L Oy (w2 1y zdzOy ‘v, d3'Kdzded dzafdcoOrdztiztstg dzslz dz' ( L 2D ) HOdZO IO
tcjL zdz sOIs:

N,

N _ X-(tk)
_ -h(t,a)}in— 0,
Ao n(ealngt)
No § o) 50 _
IO SUREE S
HJRjk—I Vi(tk)
V()
wL ' eadwdzdz (23) vodf @OWEdits o j dzd yd dalz
K, . N
nO,j _Nq - a ]\QR]k’ : s’ (24)
a R, "

W, =H (4) b (t ).
Ut o dgvdadzy (22) th(th MOl fiEEHiE] daszOMyG At dztss ((19) . A HOM

a Na 0
nE o d R Wi @ xj(tj_l)(tk {j) o
A S W o Isi @)
k:l% vak & i i =
c k=1 -
t " odgWdede (24) ° daj dz' Kigj 2 dzd gV o2 BezsMisL o &3V daldzts Odzedz”  dzj 5
sHdde 'L ydfipdzs o @&OddsjLs stz CIskktcd to' o dgv dadz? (K2 HH)syf &4 @sOo
odttcd MisOlsid HAElssts s 3" [ 13]. wdzh &i3d ssHJ, sO¢ weg dzjIstsH

dzj 5BR' Hdzts tSBUdMdzs o Olsd 1 57 Suiaiz’y . datighls Bz 13 Ote®@dids 2 s d B dets o Ezts
1 My sBEt WO L Bcist Ik dsa st ohd Haktaz0dz( 25) KL 402 H | dzs

By dzd o * flsvy, L 1Odz® Blsdslz izss (24 .

10 Yy!' sz L PJtobzyfR’ FisBY " Hjdsd¥ COYy' ' (OO®Bjlste 8 OIS
i 56 dgdagdd Mo j toH dztse d dzd .
| Otcze s jOY ' ' nj dag(@W) 'kQ(U) B  rOjdafsty datsndsls j L 2o Old L O

fjeh set jlgofjmz Cseiye s sjtode MY jeddj dvdad)skda@dd, "t
Hisy' dz des o dBdOlsd KOC' joi3f' tedydy L Odzj y desfyls’

Vo(a’U): Q,o +v1a:b \t‘l\bb VSFbMt’ (26)
K(al)=a, +& N &M, @7)

[ dzv 2 dzd § dejeeMs datgj L OHOY' [15], WSO o FdNy R swOBE HIi
jSmijteddjdaslz L O wydmdzse d B L dzOyj dzdgw i3 L dzgOydats o' Hig' L dgv s

acjdqutbqidz'::b—‘rg: N, v Rodae Npma - BOCH@dz Gy j dzdzy ! Sotscts dzOo Odals Oy §

Fb,max Nh,max
Yofmistslsd 26t t5BjtlsOddzy, w¢' Mytsmsjte' ¢Os ! Mw o jCMYjte
[MS 'R f, ' N=N,n, st ¥stedkdd (26) ' (27) BEHbklk! I5OC
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33(’3 = a)GFb,maxN b,ma*
1 iy
ftetsyjeH.zZtets

wd' sy 2 dzd 2

L Oo j toh j dadaw

%(aﬂ)2404ﬂlg 8,0 a; tn
K.(a0)=a, +a,f a,n a,fn
H Jav,o = Q,o’ av,l: Q;LFb,max’ a\/,2 = Q‘ZNb,max’ av,B = QSFb,maxN b,ma; ax,O = %’ 5&1 = %Fb,max' ax,z = %Nb,max'

dIs

ftcdC zOH

of

tetsL 90 WL Odadaw

"HjdasqW"

(28)
(29)
coy'

sflsdd L Oy 2ds’
(11

B dzd o * Mls!

L O

[ dZv  tosL 90 WL @zizdg’ L OQH QSotel Isfstdidst s HOg o Yy fwy B@S Ao
otcORlzo Odedze' MIsOdzgz tsLBlets' dedzg" HEsdzslsO YOMsitseot oadSttdmlsO’
[ dzv  toj Offz) sOEmEs jlsOfkz ‘Hjdsd¥y SOy’ ftotsBzted dzd  fiye
o' Hf so L Htgsis s B dzglzdzf &8 fe@detgj dzsz ( sOBdz. 1) .
v OB dzdyw 1
] &zOdz j S jtodd3j dels Oz detsG 5 HisMdz' Hy j dzdzv
) {Mm! soj d2OoOdz Y OBKO tsBjte | j drffoin@® S 5 H S df
J St jted H 5 dztFs & o ts Is thig, @ *
1 71.4293 0.7500 0,50
2 152.7432 0.7500 0,35
3 161.3875 1.0800 0,88
4 61.4213 1.0800 0,39
[dzv o dL dzOUj dedz” fdOuad@sfsj Isdets o ddsOIS(J1BOIs® (2) k2 MmjtejHBa(
LOBJ LY ud dadastsc B sts B QEABfzils K, f @t stedsz dzOdsd (25) ° (24)
tdLkzdz sOl twseBlsd st ORdse s L O Outojdy jsdedzd 1dBHQ a2 (
ZIRrswauv? 1t Im[rsr, d3/ G BH
VO(1)= 0.8243
VO0(2)= 1.9450
VO(3)= 3.4288
V0(4)=2.9183
zZJrRrsweau? 7 fuwulrR JAwysrR wdudrv [ratflrvric rdfLuvd

Ke(1)= 0.4712
Ke(2)= 2.2456
Ke(3)= 1.7144
Ke(4)= 4.2522

10 jLbkd kOkO&G]

9" H Yyobhkr

OHjCoOld fls:
JSmy jteddj dlsOd dzd A

HOded = 9" H

JORTfdglidzd dgjlrodigsz i@ [zteis ot dzts
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sy’ dz¥ 9 OdzO M
L 2Oy J dg

(tedm.
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J o | Ecrepment
PoapaxyHok
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=2
r e e
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0 ; : i ; i :
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t, rog
t@ml. | B dz@Okj oMY HER thit)s ¢
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LO IsOC s
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1
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s? %a(Hk h(t))" - (30)
[BUdMmdzj dedz® H Odzd sk @UERINOe j L Edz 5 OIs:
$dzOdz' L wdfm. 1 ° skigedsQads’ L fZOWjsHiaiz0" siedQlez i3 (1) 1 (¢
o' Hsotstes ' tjLizd O] §SMYjteddi dsk.
10 L Oy, deeKBdj=14, &0 Hkzetdz jlOf' T HjdlsdW SOy

d B " tedydzdn BEHJ&IPRNEC( 2B L d " § OROKj Isted o dBSHIjd (28) (
58 U d fdzjlctEEys oL GOty 2 jdsiEilscsH ClRO@Hie Ol ' o, k o' Hime' HdsMls' L wCd

a=(F'F) F'Z, (31)
HiF=g FTAf.® ;T -5Hddduysddy jnssG &0 @ (it ‘©dBOls dzlss Bt f Oy dz
n,j=14; T.0-f t5§ dzj dsj dals dzdedts FH tomjiiststRied Hda,, . g, } . =1 4; ZI {v,;. K}
j=14.
10 Hf scditcetsy ftotsetoORdesets L OB j L f jtujadedg” |, ts BtoyLiralisj Boelzj cif st
J BT tedyudss’ BSHjd (28) ' 2 ®) .o df jitkE R lsHOR'dz. H Adz’ H W Lt
1 OtOdj Isted j B tedydedn BsHjdzj2 (28) ' (29)

ot ofrut R ST E(FO)
av(1)=6.4441
av(2)= 5.4068
av(3)=9.0488
av(4)=4.5827

1ot ofewm 1 KJ=di(f.n)
Ke(1)=16.7665
Ke(2)= 20.8366
Ke(3)= 22.5779
Ke(4)=24.9335

1 2P dpdfvOtc Od3j Ists’ o LOdzy Yy detsmlsd 2 (28) ' (29) f smdziz ¥ d dzqd
tej Odz' LOY"' X Sflkd®kOd dséts tojyddikz § BEay@ilpdy g dt p tzj dz8205 s g
SLBtets' dade? HBizSlSO. sto' &3 kiscdas) dadwuzfdzo B tc OEd s kBE 2 20 d| ¢35 Gudz
p Ol twielsd BlRtss 5 HAMK O detmgSRY Cfds.ls @ sz ;|  odOFBOC fls!  H ts d
Gtedz. ; Istcd o @ dz'Higds ‘\BOMA HATGHOBY § Ho.ByioR@Isjs fYstsyOls € 9 j1,4L dzOy 4 dzdzv

[MS d ¢ 6! soj dzOo OdsOy j dzgdz? 2O HBsdztslsts *° hodHGC " fls!
sHdqddy' , It tsBdj > j dzdz" zOOCTF jUe'zGCW' & H'C'S HENs@RElssO& d &dEsYyS &z
sLoOWL o Odzdz wfldd (D208 LOHOY odBEOdS:

OOz’ L MlstekzClkzted L OH®OUY' @180 ' WiEdRY WsCDLYE" ' daj &z dz'
Cjtekzs ydno H' 2, o0 dupuijda] dzdave sdgB stetsdzdz’ 3. v OCEBEz odf OHC
tesLoO6WL Odzdz?r L OHOY' sflsd 3¢ p Oytc Ols d y dasjclists HY teffsts figdd dglzte sOddstay s |
fsfdz Hse desd s € o OH tai@svd YoptOuds  afisEPddE@ g B dz @YW ZvddL y¥ @2 &zmi ncon.

ltescteORBdzy L OB J L J ud dedav V"steliso Odzs” L OHOY silkdd L O
odL dzZOYOIshkide ddzst Isd BOdf 'da’, DAz RrydO welgdm®j Ctedilsjte” * g j W jCls
9" ' HftcOyY® 9 Odgdz? HBd' Is, Mbeotstej dzO o MmjtejrHtsadh'® MatLab.

tdLrizde IsOI ' IsjtOy’ 2ddy" ' telistyy wizfpkf st dsdfdiE dzj dzdzv Mo j o H dzts
1{vydusfIREBE tryuvf?2uodu
1 2Oy dedzy sy tedsC lzdiifls Odzz tsL B
epsilon=1.40

] Oels' fls' Bjlste® fesitHCd, ctedz. / &8 q=66005. 10
[fM o) dzOo Odzls Oy j dgdz” , §1 . Fb=170.009
vy Offstsls® t5BjtelsOdadzy, 1/ ). Nb=0. 89

JYUoRrRIO[?1VRE t[rRf [J[morwyr 4L 2uvtuwrc
1 dzOwj dstyC d2S d fMlsOdzz tsL B tets dzdzw

epsilon= 2.39

IJMm sej dzO0o OdelsOy jdedzw, 1. Fb=170.009
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YyOmsBl @s@®dzdgy , Nb=1. 0
] Ols' Mls' d3jltcO® fesnisHC], ctodz. / &8 Q=23520. 67
YyOf BEti ddg?¥, @eBH. td=10.31
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HURMAN Ivan, BOBROVNIKOVA Kira, BEDRATYUK Leonid BEDRATYUK Hanna
Khmelnytskyi National University

APPROACH FOR CODE ANALYSIS TO ESTIMATE POWER CONSUMPTION OF CUDA CORE

Thegraphics processinginit is a popular computing device for achieving exascale performance in figiformance computing
programs, which is used not only in graphics tasks, but also in computational tasks such as machine learning, scientifitingrgnd
cryptography. Withthe help of a graphics processor, you can achieve significant speed and performance compared to the central processing
unit. CUDA, Compute Unified Device Architecture, a graphics processing unit software development platform, allolepatsvi® use the
high-performance computing capabilities of graphics processing units to solve problems traditionally handled by central processisg

Even though the graphics processing unit has a relatively high power to performance ratio, it coeswarsignificant arount of
power during computing. The paper proposes an approach for code analysis to estimate power consumption of CUDA core te thgprov
power efficiency of applications focused on computing on graphics processing units. The propgseseh makes it pssible to estimate the
power consumption of such applications without the need to run them on physical devices. The proposed approach is baagd amadysis
of the CUDA program and machine learning methods.

To evaluate the effectiveess of the proposkapproach, three graphics processing unit architectures were used: NVIDIA PASCAL,
NVIDIA TURING, and NVIDIA AMPERE. The results of the experiments showed that for the NVIDIA AMPERE architecture, the proposed
approach using decision tree makes it possibléo achieve a determination coefficient of 0.9173. The results obtained confirm the
effectiveness of the proposed code analysis method for estimating the power consumption of the CUDA core. This methagefanh foe
CUDA developershw want to improvethe efficiency and power efficiency of their programs.

Keywords: GPU; NVIDIA; CUDA; power consumption;-pegfiormance computing.
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LdzOyj dedz?y BEdzs odSCtstedmlsOdzs Mmj tej H dz L dzOyJ dzdzv § Silslzy detsmyls
L dzO Yy Jfledevw Cfse s sy dz@ HBMWElsd " H yoOm od¢ tsdzO@edamncys sdzC toj Is
Cal cul ator sO sO¢" o~ HA HOdz' : (1) €' dz €' Mls! YlstsC' o
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procedure PROGRAMANALYSIS(PTX, B, T, [)
T s=[B/SM*T],
f15:0'.
while 7_s >0 do
T w=T s>T m?T m:T s
for each Block in PTX do
for each instruction i in G do
if i. Type == Computing then f;+=1;
end if
if i. Type == Global Memory then fs+=1:
end if
if i. Type == Shared Memory then f;,+=1;
end if
if i. Type == Miscelleneous then fy+=1;
end if
end for
if Block has a loop then Multiply each feature by 1
endif
end for
T s=T s-Tm;
fis=fis+1;
end while
return feature values;
end procedure
tdm. 2. ¢dzestedlsds OdzOdz' L& CBHE
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Kyiv National University of Technologies and Design
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Igor Sikorsky KyivPolytechnic Instute

APPLICATION OF ACACIA TANNINS IN ELASTIC LEATHER MATERIALS PRODUCTION TECHNOLOGY

An IRspectroscopic study of the interaction of collagen with blackwood acacia (acacia melanoxylon) tannins and its use for
tanning and filling semifinished leather poducts in the production of elastic leathers for shoe uppers was conducted. The analysis of IR
spectra of the interaction of the chrome tanning collagen products dermis with the acacia extract tannins can indicatetireniolecular
ionic bonds formation ad a hydrogen bonds dense network buildiog with the amino groups of collagen and phenolic and carbonyl
groups of the plant extract tannins. The following reagents were used for the damshed product tanning: sodim chloride TU 919069
0020000952798, formic and sulfuric acids according to DSTU GOST 4/&®6&nd DSTU GOST 2184:2018, and sodium carbonate ISO%353
83. Blackwood acacia extract together with the synthesis product afabhtholsulfonic acid with dioxgliphenylsulfone asynthetic tanning
agent BNS TU 106-165-89 were used to fill the tanned seffinished product. The application of BNS TU-08-165-89 syntan in the
process of finishing and filling of chrome tanned sefimished leather product after cting it into thin slices with a thikness of 1.4 mm
together with acacia extract tannins ensures an increase in its diffusion into the structure and provides a process duedigction. The use
of acacia extract tannins in the production technology déastic hides makeg ipossible to otain a filled-greased semfinished product with
increased physical and chemical properties: porosity, volumetric yield, air permeability by 21, 37, 86%, respectively, edrtppére chrome
tanning semifinished product The obtained rests give the grouds for recommendation the use of acacia extract tannins in the wide range
of elastic leathers production technologies.

Key words: semifinished leather product, acacia extract, IR spectroscopy, diffusion, tamiiltig g, physical and cheioal
properties.
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DANYLKOVYCH ¢ n a t, b$SHCHUK Viktor
Kyiv Nationd University of Tecimologies and Design

FORMATION OF SHOE LEATHER FROM SPLIT PIG HIDES

The technology of forming patent leather has been developed from highly porous-Seistied chrometanned pig hides, obtained
after their doubling according to the rathod of public JSGChynbar" Ukraine, Kyiv. Finishing of the tanned sefinished product TeU
0030239103-98 is performed using acrylic priming compositions and polyurethanes (PU) of different chemical composition. Acrylic
pigmented performer is appliedo the surface of tkb semifinished product after its absorption properties ar equalized by double
application of acrylic norpigmented primer. The priming PU composition has a chemical compositiorg, Wi,: pigment concentrate, 4093
20.0; PU latex, 20% 80.0; water- up to a density of 1.07. PU solutions of different chemicamposition are used for both options for
forming the coating on a leather senfinished product. In particular, PU linear structure PPH1 based on ether and PU reactive
compostion (RZK). The invgtigated film-forming reagents form highly elastic filmsfdigh strength.

The use of pigmented aqueous polyurethane latex made it possible to reduce the duration of the priming stage and the
consumption of the priming composition comped to the previousacrylic leveling and pigmented priming by two times, and increase the
adhesion of the coating to the seffinished product by 1821%. It was established that the use of polyurethane latex and the reactive
polyurethane composition canibutes to the formation of lacquer leather with increased resistance to wieiction by 27% and somewhat
higher hygienic properties. According to the complex of physical and chemical properties, the investigated patent leatestrdhe
requirements of [3TU 272894 "Leathers for shoe uppers. Technical requirements” and industsamples prevail and can be used for the
production of model shoes.

Key wordschrome tanning semfinished product, splipig hide, priming, polyurethane coating, adhesion, patéeather, physical
and mechanical properties.
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RESEARCH OF THE CHANG E OF THE MOTION MODE S OF THE WORKIN G ARRAY IN A TURNING
MACHINE WITH AN ADDITIONAL MOVEABLE SLIDING LINK DEPENDING ON THE CHANGE OF DESIGN
FEATURES

With the help of the SolidWorks automated design system, analytical studies of the rolling machine wittpl@orspatial
movemeth of the working capacity of the "Turbula" type, which contains an additional moving link of the slider in its kinematic chain, were
performed. On the basis of the analytical studies, the relationship between the change in the modeseshent of the worlag array in the
middle of the container, the value of the angular velocity of the drive shaft, the scale standard size and the ratio ofettaial distance of
the container to the interaxial distance of the forks was determined.eTassification ofthe movement mdes of the working massif is
presented, in particular, which should include cascade, mixed and waterfall movement modes. Each movement mode corresgizads to
implementation of the corresponding types of felting technologl operations or nixing of loosefine-dispersed substances. The effect of
changing the length of the working capacity, which is characterized by the ratio of the interaxial distance of the workipgcitg to the
interaxial distance of the leading or dven forks of the magine, on the chnge in the modes of movement of the working array has been
established. Mathematical dependencies have been obtained for determining the maximum angular velocity of the drive stiadt of
"Turbula" type rolling machine vith an additional movable slider Ink, which will correspond to the formation of the necessary mode of
movement of the working array. The presented results of analytical studies can be applied in the relevant design bureaashaiem
building enterprisesat the stage of degining equipmentwith complex spatial movement of working capacities and felting technological
processes.

Key words: additional moving link, slider, working array, felting.
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ZELINSKA OKSANA, POTAPOVA NADIIA, YEMELIANOVA ANASTASIIA
Vasyl" Stus Donetsk National University

INFORMATION SYSTEM FOR MAINTAINING THE REGISTER OF CLIENTS OF THE BANK

The information systenflS) is designed to diect, transmit, pracess, store, and provide information needs of users. An information
system consists of people, equipment, processes, procedures, data, and operations. Today, many systems already eXisirgdraaed,
the pupose of which is simlp management, andasy and accessible provision of all the necessary information that the user wants. Each
information system is created to fulfill a given task in the field of its application. All of them are different, and unand have many
different functions that canbe not only useful but also sometimes redundant. An information system, in simple words, is a large reference
book on a certain topic, but in an electronic version, in which any person can easily find what he madtbut much effort.Therefore, the
relevance of the article lies in the creation of a highly specialized, simple, and intuitive information system without overtpauih
unnecessary information, which in the future will be able to compete with alre@djsting systems of aimilar nature. Thepurpose of the
article is a detailed study of the processes that take place at each stage of the development of an information systetineumément of its
software implementation, as well as the creation of suan information systen that can be easilworked with without undue effort. An
information system is also an important tool for performing management functions. Therefore, the study of the processemtigian
information system will take place on thexample of creating a information systemfor maintaining a register of bank clients. The article
outlines the tasks that must be completed to achieve the goal. Besides the article examines in detail the process ofamhlysielopment
of an information system in the fornof conceptual and Igical models. Also, for a better understanding of the processes, the research results
are visually presented in the form of tables and diagrams.

Keywords: information system, cliersterver web application, websitelatabase, bank regigfr.
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KOVALYOV Yuri, PLESHKOSergey SUVOROV Ivan
Kyiv National University of Technoldgs and Design

DEVELOPMENT OF IMPROVED ROBOTICS EXTRUDER LOADING SYSTEM

The relevance of the study is due to the fact that the loading of granulated polymer material into the working hoppetrotiess
is mainly caried out manually from bags by produicin operators. The capacity of working hoppers of extruders is limited due to the fact
that with a significant height of the bulk material, an increase in static pressure occurs in the lower layengch leads to thedrmation of
vaults, uneven supply gfolymer into the material cylinder and deterioration of the quality of products. Since the work process of extrusion is
continuous and lasts an entire work shift, there is a need to constantly mribe filling levelof the work hoppers of the extruders.

The paper proposes a robotic extruder loading system for the processing of thermoplastic polymer materials into long products
(pipes, profiles, films, etc.). The paper proposes a system for ¢padie or more extrudsy which contains a large hopper lazdi with raw
materials for an entire work shift. From this hopper, the working hopper of the extruder is automatically filled witlptb&aetrew feeder.
Automatic monitoring of the filling stas of the hoppers isarried out by a microcontroller witthe help of raw material level sensofhe
object of research is the process of automatic control of periodic loading of loose materials into technological makhisebject of the
research $ a robotic system fdoading granulated polymers into tleorking hoppers of extrudershe purpose of the research is to develop a
control system for devices for periodic dosing of granular polymer materials and loading them into working hoppetsdodipacity, which
can be used in extruders. The taskha work is an analytical study of the effectiveness of the application of extruder loading systems based on a
screw feeder and the development of its design and automatic control s@emmeethodlogical and theoretial basis of the research are the
bask provisions of the theory of automatic control of technological processes, the design of transport equipment for lgcsedntieelibasis of
the calculation of machine parté scientific novelt is that the work proosed for the first time a device fautomatic control of the extruder
loading system based on a microcontroller with the possibility of programming the work algdriterresults of the work can be used to create
new systems for otrolling the operatio of equipment for processing polynraaterials and creating new desigriihe methodological and
theoretical basis of the research are the basic provisions of the theory of automatic control of technological processsgntbértansport
equipment fotoose media, and the basis of thdcadation of machine partsA scientific novelty is that the work proposed for the first time a
device for automatic control of the extruder loading system based on a microcontroller with thdityossprogrammingthe work algorithm.
The results of # work can be used to create new systems for controlling the operation of equipment for processing polymer materials and
creating new designs.

Key words: extruder, polymer granules, hopper, loadimgrocontroller, optal sensors, screw feeder.
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KRAVTSOV Andrii, LEVKIN Dmytro, BEREZHNA Natalija, LEVKIN Artur
State Biotechnological Universititharkiv, Ukraine

METHODOLOGICAL A PPROACH TO THE MATHEMA TICAL MODELS CONSTRUCTION OF BIOOBJECT
PROBLEMS

This article reveals a technique for the mathematical modeling of biotechnological systems that contain sources of laser action.
Calculation and optimization mathematical models formfiling rational valuesof the technical parameters of the emitters are the basis for
this. The authors researched the main aspects of the theory of analysis and synthesis of complex systems that contain cehcertvaig
sources of physical fields. Tosme the viability ofembryo cells, it is necessary to carefully monitor the level mbeyo heating not only at
the points closest to the laser dissection site but also at the end of the laser action. It should also be noted thatrad thfethe shorterm
effect of laser rdiation, the flow of heat from the border of the embryo disseatipasses to other parts of it. The nstationary process of
thermal distribution will occur until a stationary mode is established, which is necessary to maintain iieility of the embryo

Due to the peculiarities of the microbiological object, the &ots perform mathematical modeling of a nestationary, nonlinear,
multidimensional biotechnological system, which contains a discrete, moving source of laser actisrguite difficult toimplement applied
optimization mathematical models that are usetd optimize the modeled system. Therefore, it is advisable to obtain approximate solutions
to boundary value problems with averaged values of thermophysical parametgfrdaser emitters witlout considering the thredayer
structure of the embryo. To incese the level of viability of germ cells, the authors propose to implement an applied optimization
mathematical model for minimizing the deviation of the temperature lafser action from itsacceptable value. This will make it possible to
obtain rational technical parameters of the emitters, which are close to reality and satisfy the needs of the technical use of laser emitters.

Keywords: mathematical modeling, optimizain, biotechnological gstems, boundary value problems.
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USABILITY TESTING METHODS FOR ASSESSING A MOBILE APPLICATION

When conducting research to study the usability of a web page, user interface or device for its further mass use, usahilityis
used The usability test @lps to find the bessolution of the interface from all efforts, as well as to check the suitability of the resource for
users from different countries, when, for example, language switching is provitled.work analyzes various mibds of usability teshg for
the ease of wsof websites, applications and other interfaces. The main stages of UX testing and the scenario for interviewing resparedents

defined.

This article presents methods and evaluations of software product qudliticators testing. e object of the studjs usability
testing, as interaction with the software product, its perception by the target audience and quality assessment and detéaminfcriteria
for evaluating the usability of the mobile applicatiorof iOS for purchasingn electronic ticket or tourist trips. As a result of UXesting, the
weak points of the interface are revealed, which cause difficulties for users and the inconsistency of the interface withxjiectations.
Based on the resultsf testing, the develgers refine the produtcand bring it to the optimal user requirements.

Usability testing was conducted using a survey of respondents without the participation of a moderator. A scheme foystip
implementation of testing has beedeveloped. Using ailert scale, the apptiation was evaluated using a questionnaire that includes five
factors: learnability, efficiency, recall, errors, and satisfaction. The result for each criterion and the overall usabhiiityator of the model

application were presengd.

Keywords: Usabili testing, User Experience, Ul, application, methods, scenario, tasks, criteria.
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SUBSTANTIATION OF THE CHOIC E OF COATING MATERIAL WHEN RESTORING PARTS OF
AGRICULTURAL MACHINERY BY COLD GAS -DYNAMIC SPRAYING

Based on the method of cold gdgnamic spraying, technologies are being created to solve problemenefrgy and resource
saving in various industries and metraditional and effective methods of production, repair, restoration, antbrrosion protection, obtaining
electrical and heatconductive, antifriction and other coatings of functional units, and as well as elements of a wide variety of machinery
and equipment.

The main featire of cold gaslynamic spraying is the absence of high temperatures during the formation of metal coatings,
therefore, the absence of oxidation of particle and base materials,-equilibrium crystallization processes, and high inteal stresses in the
workpieces. Coatings created in this way are a metal matrix with ceramic particles embedded in it. They arectddzad by high strength,
good performance properties and can be applied in any thickn&se of the important charactestics of coatings ishte adhesion strength.
Before spraying on any part, it is necessary to find out which coating material will ghe= best strength characteristics between the two
materials. Therefore, before spraying, it is important to study the sfies of the formationof a durable coating for a given part, as well as to
compare the strength characteristics of the cold gdgnamic spraying method with other methods for restoring partk this paper, an
analysis of various coating materials used the restoration of pats by the method of cold gadynamic spraying is carried out. The
strengths and weaknesses of various coatitechnologies are determined, as well as recommendations for choosing a material when
restoring parts by cold gaslynamic spaying.

Key wordsroating technologies, corrosion protection, cold gaynamic spraying, adhesive strength, spraying, defects.
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ANTONENKO Andrii, LEMESHKO®¢ r t,&3WIK Oleksandr
State University of Telecommunications

ANALYSIS AND FEATURES OF TRAFFIC MONITORING SOFTWARE

The article discusses the main capabilities of traffic control programs. Sending too many Internet coongeickets can resultni
heavy Internet traffic, which can lead to bottlenecks or network gmstion. Meanwhile, operations between communication devices are also
affected and slowed down. The main problem is that the growth of Internet traffic increasesndtically, and on theother hand, the
Internet connection always has a finite bandwidth fatata flow and can only support a certain number of packets at a time. Sending too
many packets at once over an Internet connection is difficult because sendiogneny packets at oncean lead to heavy Internet traffic
that can become a bottleneck or caa network congestion. Meanwhile, transactions between communication devices are also affected and
slowed down, which ultimately leads to Internet congestion anetwork service degradabn. Effective congestion management is one of the
most important isses in managing Internet traffic. The new algorithmic congestion prevention model will improve performance and
network utilization by making TCP a more flexible amfficient protocol with a new preemptive approach. Traffic control programs are the
primary application of a computer engineer. The entire world is interconnected by a vast network of routers, switches, servers, and
consumers, and so many devices and m€keed to be contraid. That is why the basic principle of traffic control was createdaifiks to
such programs, there is a stable traffic and network. The future of today's Internet is the adaptation of cloud computingglfiblogies, the
Internet of Things, global commumiation, distributed computing, wireless media, and higlefinition multimedia broadcasting over the
Internet. To manage sustainable and efficient Internet traffic, a systematic approach to planning, testing, and maintaitsrigehavoral
mechanism is degible to avoid network congestion and ensure uninterrupted data tranission. Effective congestion management is one of
the most important problems of internet traffic management efficiency that needs to be solved. The main walvéotee problem is to se
traffic control programs. Effective means that the control mechamisnust also ensure the proper level of use of network resources, which is
a fundamental condition for ensuring the profitability of work. It was found that the for the use of tréfc control is the increase in the
use of Internet resourcestherefore, the use of programs is necessary for successful traffic control.

Keywords: traffic control, TCP, network packets, network
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AMAZON S3 STATIC WEBSITE HOSTING

Nowadays, especially in period of energetic crisis, it is very important to get reliable data storage and uninterruptedsaitces
websites. Considering thad E A s manistdeédm is using the clouds services for eational, scientific, bisiness purposes it is important to
Agpi i OA EAAOOOAOG 1 £ EIi OOET ¢ xAAOGEOGAO ET 1T AET O Al 1 OA oditlDi@®WaA DOT OEAA
Servics (AWS). AWS offers hosting solutions such astkah Amplify ConsoleSimple Storage Service (S3) and Elastic Cloud Computing,
from simple static websites to complicated dynamic,

The article deals with the method of hosting static websit&mple Stoage Service was used for this purpose. The methas
many benefits: tle service is simple, cheap, scales well, manages everything and has great integration with other AWS services. This method
is the best for websites that do not contain sen&de scrpting, like PHP or ASP.NET. It is ideal for wegsithat change infregently, such as
personal, promo, startup websites, websites of small businesses and organizations.

The article focuses on how set permissions, properties and policies of $8NfBicketdr hosting a website. But usage of S3 bucket
aloneprovides only httpcb T AAOET 18 4EAO80 xEU OI AAPIT U OAAOOA AT T1TAAOEIT AT A ODPA
AWS CloudFront service. CloudFront is content delivery netveervice that uses the latest version of Transport Layegirity Protocol and
saves files in the cache for 24 hours. The article shows how to configure CloudFront distribution to serve https requestsAfoazon S3
bucket. Configuration S3 bucket REBPI endpint was used as the most secure case. As a rdatéficy was reducedsecurity was improved
due to traffic encryption and the content of S3 bucket was kept private.

Keywords: AWS, S3 bucket, hosting, website.
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Amazon S3 > Buckets Amazon53 ) Buckets » Create bucket

Create bucket
Buckets are containers for data stored in $3. Learn more [

» Account snapshot

Storage lens provides visibility into storage usage and activity trends. Learn more [ General configuration

View Storage Lens dashboard

AWS Region
Buckets (3) info EU (Ireland) eu-west-1 v
Buckets are containers for data stored in 53. Learn more E
Copy settings from existing bucket - optional
: tting the follow figs
c B i Choose bucket
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B htcn Y aibtSuiaton NostngFen! Amazon 53 > Buckets } static-website-hosti 1.]nym\ > Upload

static-website-hosting-khnu ..

Upload .
ppppppppp Mets m
Add the files and folders you want to upload to S3. To upload a file larger than 160GB, use the AWS CLI, AWS SDK or Amazon
S3 REST APL. Learn more [4
Objects (0)
A s B Drag and drop files and folders you want to upload here, or choose Add files, or Add folders.
w3

c Actions v | [ create folder =

- Files and folders (0) Add files Add folder

4 All files and folders in this table will be uploaded.

Q

Q 1
Name a Type Last medified v Size Storage class
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Amazon 53 » Buckets » static-website-hosting-khnu » Edit static website hosting

. . . . static-website-hosting-khnu .«
Edit static website hosting

Objects Properties ermissions Metrics Management Access Points

Static website hosting

Use this bucket to host a website or redirect requests. Learn more [

Permissions overview

Bucket and objects not public
Static website hosting

Disable

© Enable Block public access (bucket settings)
; = 112 o buckets and sbiects though's policies, o

Hosting type o Z '
© Host a static website Edit

Use the DUcket endpoint as the web address. Learn more E

Redirect requests for an object Black ol public’access

Redirect requests to another bucket or domain. Learn more [2} "

» individual Block Public Access settings for this bucket

tdfm. 3. mtshisd dzdn O} WIid wWeesGjtzdev] slsdf z S sdalsj 2 dzj 6O;
B fBdz ydesets HisMmiskzy iz

Amazon 53 » Buckets » static-website-hosting-khnu > Edit Block public access (bucket settings)

Amazon S3 X Amazon 53 D Block Public Access settings for this account

Edit Block public access (bucket settings) e
Block Public Access settings for this account

Use Amazon S3 Block public access settings to control the settings that allow public acce

Block public access (bucket settings)
Public access . h

Block Public Access s for account
i et b ¢ "

ubli

Block Public Access settings for
this account Block all public access Block all public access
off Turning this setting on is the same as turning on all four settings below. Each of the following settings are indepenc
|

o) B)
tdinsd&lze Odedz § 2B dz' Qfed 3zt b5 Daipll PR3 ats)

Bucket policy Edit bucket lelcy Info
e bucket policy, written in JSON, provides access to the objects stored in the bucket. Bucket policies don't apply to ¢
Edit Delete |
Bucket policy
The bucket policy, written in JSON, provides actess to the objects stored in the bucket. Bucket policies d
( Policy generator [4
"Version™: "2012-10-17
"Id" *Policy1676009670174",

iStatemant L Bucket ARN
{
"Sid": "Stmt1676009668935", arn:aws:s3::static-website-hosting-khnu
"Effect”: "Allow",
"Principal®: "*", X
‘Action”: "s3:GetObject”, Policy
“Resource”: "arn:aws:s3:: static-website-hosting-khnu/**
} 1-
] 2 "Version": "2012-18-17",
} 3 "Id": "Policy1676089670174",
4~ "Statement": [

0) B)
tdfm 5. 1td s@Jd o R ©HANO diegts® ® ' dzts
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sB o 0fdsd: S0 dzOMiskzy dz¢ L Qypd @f FalicyilsS® BuckptPdhcysfegct idAllow, Principal 1
* Actionsi GetObjectARN T arn:aws:s3::bucketname/*.
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CloudFront[8]. CloudFronti yJ tefp i 6 dzsB Odz! des’™ Bjtedy' HBMIsOeSCd ¢ tsdalsj dals
10 " dWsted3OY[8 ¥ ClaudFomt s ®Oj L f j ylz* LB EOdRdctsis®dttdy 284 6
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Step 1: Select Policy Type
A Policy is a container for permissions. The different types of policies you can create are an IAM Policy, an 53 Buck
Policy, and an SQS Queue Policy.
Select Type of Policy SBBucketPohcy V]
Step 2: Add Statement(s)
A statement is the formal description of a single permission. See a description of elements that you can use in sta
Effect |@ Allo'.'{__ () Deny
Principal |*
ate el
AWS Service v Al
m dd permissions for more than one service
Actions 1 Action(s) Selected s+ [ All Actions (')
|_| LETVILLTIRERIONACCESSHFOINTHOUCY o
Amazon Resource Name (ARN) =] GetMultiRegionAccessPointPolicyStatus
FE] GetObject = (Ke
D. Get[}b]ectAcl
' [ GetObjectAttributes
[ [Rietioieet ot d. You must enter a valid ART
] GetObjectRetention
O GetObjectTagging -
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CloudFront > Distributions

Distributions (0) infe c
Q t 1 ®
D v Description v Type v Domain name ¥ Altern

No distributions

You don't have any distributions.

Create distribution
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CloudFront » Distributions » create
Create distribution
Origin

Origin domain
hoose an AWS origin, or enter your origin's domain name
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CloudFront » Distributions » create CloudFront » Distributions » create
Create distribution Create distribution
Origin Origin
Origin domain Origin domain
Chaose an AWS origin, or enter your erigin's domain name. Choose an AWS origin, or enter your origin's domain name
Q, Choose origin domain Q, static-website-hosting-khnu.s3-website-eu-west-1.amazonaws. mn‘i b 4
Amazon S3 Use: static-website-hosting-khnu.s3-website-eu-west-1.amazonaws.com
static-website-hosting-khnu.s3.amazonaws.com Amazon 53

static-website-hosting-khnu.s3.amazonaws.com

o) B)
tdm. 8. 1' HCdon] ddzsPBpw dF3 REST, Ap)ltcjen E@Boiwetbsi te endpoint

Origin

Create control setting x
Origin dom
Q static-website-hosting-khnu 53 eu-west-1,.amazonaws.com X Name
Origin path - optional  Info static-website-hosting-khnu.s3.eu-west-1.amazonaws.com
Enter a URL path to append to the or -
Valid characters: letters, numbers and most special characters. Use up to 64
Name
static-website-hosting-khnu.s3.eu-west-1.amazonaws.com
Origin access  Info 56 cha

Public
st allow public access. Signing behavior

ings (recommended)

© ori u ) Do not sign requests

Q Sign requests (recommended)

Do not override authorization header

Origin access control Do not sign if incoming request has authorization header
Select an existing arigin access cor
v Create control setting Origin type
Bucket policy S3 v
The origin type must be the same type as origin domain

Cancel

Q) B
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Policy 552 Services

Bl © successfully created new distribution.

A\ The 53 bucket policy needs to be updated
Complete distribution configuration by allowing read access to CloudFront origin access
control in your policy statement. Go to S3 bucket permissions to update policy [4

17 } ® You must allow access to CloudFront using this policy statement. Learn more Copy policy
18 ) about giving CloudFront permission to access the S3 bucket [4.

{3 Go to 53 bucket permissions 4
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MARTYNIUK Tatiang KOZHEMIAKO Andryi, BORTNYK Gennadiy VOINALOVYCH Oleksandr
Vinnytsia National Telenical University

ANALYSIS OF FEATURES OF ANALOG -TO-DIGITAL CONVERSION "DURATION -CODE"

The article presents th analysis results of the features of the analtugdigital conversion of a continuous value as the duration of
the input signal into the outpudigital code. Converters that work aceding to this principle are known as analoegode converters, and the
conversion principle is a type of weknown pulsewidth modulation (PWM). Information of a different nature can besed as input analog
information, for example, the duration of an op#t electical or sound signal. Specifically, the principle of this cersion with further
processing of digital information uses a wethown logictime basis, since the main operatiahparameter of the conversiois the duration
of time, and the procesng of dgital data is performed according to the rules of picture lagivith natural parallelism of processing on a
two-dimensional field of information presentation. A feature of thégproach to the conversion dhput signals duration is the coding of
output digital information in unit codes. In this case, two we&dhown unit codes are involved: unit normal and unit positional codes. This is
because unit encoding is best suited fardtion-to-code analogto-digital conversion due to the quantizationfdhe inpu signal duration by
the trigger time of a line bistable elenmés. It is shown that the most acceptable implementation in terms of speed and energy consumption is
the symbiosiof these two codes, since thiait normal code is faster when recondg information, but loses to the unit positional code in
terms of energyconsumption when storing data. Taking into account the controllability of a unit positional code, the area dfffective
application is thecoding of the states of control devicesd the adiressing of the contents of storage devices, for example, aais qf
associative processors.

Keywords: analogio-digital conversion, unit code, logittme processing.
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STUDY OF THE INFLUENCE OF LOW TEMPERATURES ON MATERIALS WITH A SPE CIAL PUR POSE
POLYMER CO ATING UNDER STATIC CONDITIONS

The domestic cheroal industry urgently needs the creation of special higlass protective clothing that would allow working in
extreme conditions without endangering the life and health of employeé&s.previous publicatiors, it was determined that theecessary
comprehersive protection against the effects of harmful production factors is provided by the creation and use of an insulstihgwhich
should become a barrier that prevents the penetratioand therefore the infuence of mineral acids, alke, ammonia, salt slutions, etc. of
different concentrations. That is, it is about the creation of special clothing with the require@ll@f protection and preservation of such

basic protective indictors aschemical resisaince and impermeability of thenaterial while preserving the tightness of the product as a
whole.

Equipment for preparation and locksmiths for cleaning closed contaimefor transportation and storage of aggressive
environments canimultaneously be expogenot only to mineral acids, l&alis, salt solutons kased on them, but also to the remains of liquid
ammonia, the evaporation of which occurs when temperatures drofich leads to primary destruction polymer coating materials for
special siits. For examfe, local destruction in contet with liquid ammania leads to a sharp cooling (up t6340C) of the contact surface of

the material and destruction of the polymer coai, especially during operation (in dynamics), which can leadhtwiolation of the tightness
of the protective produt

Since workers hee to perform a significant number of work movements while wearing an insulating suit, there was a need to
investigatesuch an indicator as the resistance of materials to both dynaneads ard static conditons at low temperature. Theasearch

was conducéd onsamples of materials with a polymer coating, which belong to the class of special purpose artificial leatheoshoforeign
and domestic manufacturers.

Key words: insulating sity chenical industry,low temperatures, aggressivengironment, staticconditions.
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STUDY OF THE RANGE AND TECHNOLOGICAL FEATURES OF THE DERUFA DECODER SERIES FOR WALL
DECORATION IN A MODERN INTERIOR

The use of the productsfahe weltknown German brand- DERUFA DecoDeseries in decative wall decoration in a malern
interior gives unlimited opportunities for one's creativity and unique design. The range of productsepitesl on the domestic market is
distinguished by a wideange of colorsyarious environmental, opergonal, and tetinological characteristics, et. Waterdispersed acrylic
paints, decorative coatings, primers, and other DERUFA products of the DecoDes s#fier unigue innovative solutions with higiuality
characteristics,focused on each client, foling current market trends n the field of interior design and design. The available information
about the finishing materials intended for wall decoratioim modern interiors and represented by the DERUFA I3®oseries of prducts is
insufficient and neds more clarifcation.

» Ty e A [ ~ y 7 el T v v i — v = v o om X 2 amm N = AN A~ g e o

The work presents thaesults of research related to the identification of the features of DERUFA products of the DecoDer series.

The use of DERUFA watdispersed acrylic paints of thedgoDer series hathe following advantages: nemell when apfying the pant to
the wall, quick drying of the paint, and resistance to abrasion and moisture. Such paints are environmentally friendlyaasthetically
attractive. DERUFA watedispersed acrlic wall paints d the professional DecoDer ises can be us# together wih decorative codéings,
which are produced separately and can be applied to the painted surface to obtain a decorative reléihg on the wall surface in a
modern interior. Such &oating is produwed with various fillers imiating the effets of polishe marble, velvetsuede, etc. To enhance the
decorative effect, special primers of the DecoDer DERUFA series are used, timtapplof which, if a certain technology is followed,
enhances the decative effect. STUCCO PENEL4r@ STUCCO RENVATO primergan be applied uthout restrictions on any mineral bases:
plaster, brick, or plasterboard. However, it is not allowed to apglyprimer on surfaces made with lime plaster, as wei an surfaces
previously painted with oil, alld, or silicatepaints. Theprimer is appliedto the surface of the wall with a roller, and then the necessary relief
of the surface is provided with a bah. To create relief, it is recommended to use chactiossshaped or emicircular movements and

special techniques To add spdal decorative efects, it is possible to apply the material with a spatula or trowel. If you want to get a deeper

relief, it is recommended to apply the material in two stages. RCROMO BRILLIANTEimer can be applied with drush, roller,sponge, or
spatula on previousdy painted surfaces, except those painted with oil, alkyd, and silicate paints. When applying to the susiacgauroller,
the primer is first evenly distributed wer the surfaceand later the necessary effecare createdusing a spatila or brush. In adition, it is
recommended to apply the material in limited areas to avoid its drying before the decoratiayirise

Thus, the considered studies presented in thisrkvallow us to icentify features related to tke technologicaland operaticnal
capabilitiesof DERUFA products of the DecoDer series. The considered information is important for organizing the infoemediket.

Keywords: wall decoration, modern interioiechnological chaacteristics, operational capbilities, DERBA products 6 the
DecoDer sees, waterdispersed acrylic paints, decorative coatings, primers.

T s TITTI TN T ', B0231317) 148

3 a s e 3

Pdwwrmr
PE® DEﬁDFIr1Uc HU W R
U ot

S AAT A -

o


https://doi.org/10.31891/2307-5732-2023-317-1-145-150
https://orcid.org/0000-0002-6519-7938
mailto:oliinykha@khmnu.edu.ua
https://orcid.org/0000-0003-3865-2496
mailto:yuliyadanchenko7@gmail.com
https://orcid.org/0000-0002-8816-096X
mailto:kornitskala@khmnu.edu.ua
https://orsid.org/0000-0002-0824-4726
mailto:mrastorgueva65@gmail.com

Technical sciences ISSN 23075732

1 sfMisOdeso €O ftesBdzj B k L OcOdz detsdiz o 6z H

SO 7 ‘Lo 69'QyskRd o d 3 dzOk S tseo d dedH QudddzidedO S Is d ydzd i3 L O

| sH A di 2d OCtkddss' YOttsd, HEOSEEHM Po dftetsitE tmyy lylsvo,

& Bjy' Ssct Bioj dgiDERYF®B, ~ &Bdp@elzy s' v  HisPvdeds L & B bzi Gelipdzts C
‘Cdals g0 ‘Med tetsC s ftoj HMISOo dzj dz' dzO das ' Isipflzsdz dftsalidze i€ dipiaCdio. dz' ¢s A
Cydzd s tesCtsds (B2 OWwPLE WU shisOlsdy 5 o' HEdBsMISj2, s Ml
9 d¢ sted flssdedzf teits® 2 € y' ~ ,dzs5@ " Wdadz BO dBY FfEoXdQus s ¢, o d¢
Mfjy Odz dzd 5 OBBIS F '@’ ap@isdidety)' 2 dzedrn dzOoa dS¢ ' o ftod odCtstedMmisC

OOz’ L BMlsOdedz' 7 HBMdz HY jdg@ * Hked SOy 2

| SHdzts H d ) fQjStadhf dosta' ' H jWSOEdm@ls d o dz'  f sCded s BW ,' dzt ® kz dfldatson 2 €

DekoDer DERUFA ftsftsdizsls! jdazt Od daddddinisifdst® O®W'C et d figls ¢ S

st ' dstse Odz &0 Sty dis@s wEEEHBESYERE Ok Ooddd BiistsPdeH

HL Q2 dazOw o dz o' H S i3BIPE? dz2f kOl 8 5@ d$ r MPERUFAD *  dzgj HEsMlsC

felstejBls s fps 'dit drjsidey o qUNE htkEMEZ s! v §osHEC Y ', dadf e L 2Oy
fllz O fndzts B3, 4].dzls j 66 ‘ to°

Atz dzs 8 Odedz? Y dzj 2 Ml Os”

[ il twtsBtslsd OMNB6EEKBE I dedztlzr®©c * ydzd ~f EsHzsByZd o sfipjstg 2” De |
DERUFA, Mt {ted fdd lsakzwisk dz@ttmizf lzdz@ WsiOdzO® H dzW tSL H 5B dzj dgdzw fls ' dzd
By stss ECtsdif dzj Clskzo Odedgw ' de¥W sted3Olsd o detsets tod dzl Iz .

1 ¢ zOH Ghdss dsets (O] o' Odk
1 Ofdziz ) j detzv toifids flsy d wa@v dats iz to  ‘dAfotts HOOESAfY i stddn® 2 d2' O te d

HiSCBEOldBY, § 66EJEE® SifetsOz C y' v dzO§ tc & satied & O datiaidiy dglz B tgd ds%izo
fjjte' ° DekoDéa] .DEIRQUFtAts d fls Odzdz® o S H dzts H d fift jots fi) ' 2D0EROED e © € 0] dzts
GO OC' fjtjo0Ocd:

I Hilgdz' Mls! L OfORE ftod dzOdzj fyjudeds’  ‘sOtesmjdRHESRLIE1S * dzits H o
odL &zOYOs 5! W OteBlz, WC 4 d ekl (i dafi W Otes 50 Oz

| sHdzsHdMY j o' 220 OCtkddso O % OB O h o d wds Mésd idaf & &'OC dz
W Ows' §wmlstc' BlBER E¢eddL dzts

vOCO WOkBO dzj BB ! fijv fotusihs coddgaaiedifoy f [ dzdzj L C dzs
o ZOMIsdo sflsj 2 o fsi€ detef Hiafly f f tdifl OBd M ls® HEs  Misd tc Odz@a B G Oo 'oHS dzts
ZOH' 2 dzsC 5 @ qlEtsd dyy 'SRE SEOMs ] HjL " dEEEEY d&2¢ eddMilsj ysose o HJ
5O dzC®fjlds 2 dfz b saBdzdzds ' ¢ ' kdzOls " .

I sHdsHdMY j el 2d OOEddsofe R0 S Hd' Leel SdgO'tds & 4 © fiydets j L
W OteB Iz 9 Odzdzv .
| sHdsHdMY j ' Digh d O K6 faEEpkasdzms Ols fBuz@Cdss Y das s e jday 7 dz

I SHdzsHdMY j o' 2d8d O d Cip@sBOShW o j Csdse ' ydes ydmisd
odH' dzv ¥ Is! HdtzdweSddRn ‘h Sdzj B L f j udedS toj uSo dlzd stz H ) F Bl dadc
5L H s evdzjfipledz dzG ‘oo ' el s yd T2'@% jdsOls, h S oz,

- AOWBLko Odzdzy Mk’ dz o O daeffodfcfo ¥ ¥ @the Guuhff BBdzj s jtoj Hdz &
ksdk BEHj §' H IS§d dyvwdgdo TlszY WOUW® 2 o Odzdz  § s ldsed BYdjdzL B,  dSCE
we o yw  WiHsB @ dMakn @200 ' s -f Shyufsutatsy | Mo stdlsd Mot HESHBRON
fsY% Otz 2 Gls' dz' .

| SHAEEHW j tMOQuaf d&zso ' W Oted Hdv flsbizer] cBERYF A dzs 't s ) fizip ¢
ROkt Od dzd R o BdzOH D B ¥ 5! M’ EBECOYEARMsPOd Eod 508 dzd -
o ¢ dMsyin desdzs ¢ ' ydz2' SO S MY dzk@dsdjydz? dal. uwsOEsdedizng’e shls' ] HMls

| SHdSHdMYQAdd ®EE W Otsd Hdv j 6l dzDefdeasBig i’ DERUF A
oS sEdMBIBGMY ©OLSHE L HJS 6O lffokupCde 9 dgifvic st '&3q d3156) dz0 W &O dzt
OBt Odze ftso jtende® HW Ghiclf dgBdtz O $the B bq alaks dits ' wzifdzlz
‘s j o B . [DEO&E)shEsdl® #jCswOsdoddt S EEKS ‘o dpidd L
02 B dz' ko O Uy ¢ daBw azts 5l % flaGid KOodagjy ¢ 2 .

1t6d odL dzOU] dzdz' 1 5C Bl dztf © tzelzv (6 (Y BLSABETEEMtsH tf S E Mgl Po dzj dz
vOBddYy' 1y », vioGEE kO Hj Cigjiedlsd o balco DesC cHfBRUBA MidS st d
[ Otels a0 ( Is jndple) [lar t i

mis* déq’.

14¢€ Herald of Khmelnytskyi naonal university, Issuel, 2023 (317)



xv oo e ISSN 230-5732

v OB dzdyw 1
v iBsdets ydz' O jCMif dzEOOYy 2dz R OwOCIsjtedfmlsd ¢

9 tsH dzts wedhfy P fdzd A "OWfoktsefidi o' ° DecoDer DERUFA
1 lslseo yOf [gls” 2¢°
L/ 1 OL 9 (@ I M d&zd o sMis’ o adMmdna{ MisdtcO

GIBH yde< dz

1 |STUCCO
PENELLO §Ba@s OCttddssdrn  f&

odh j detses ; OHgEYL] & iz 9 § 300500 2:00 10000
W HjCBtcOlsdodesets fSLHE

IZseosegts yd MmeEzmi ' dz' dats

dH S Se@mp®O o EEide SLOYaB O
H
H

2 |POLICROMO
BRILLIANTE

Is

| txB&RI©O &) GOB6 Bt O
fBMBY o Itt! 55 o Ot' Odzl
O3 obd;@sl]’dZal]’tstss@tsD W o
11 tdkzOBkzlstetso d dgd ' ¢ dgj dzls ( 120150  1:00 10000
fissis' d0 e jtends , "t Y

Cd tdze df j & fddB] dzj 5dz" L
f#OteB tso Odilztsl Odgjsy dits o " H

3 |[RUGOSO ]l BHssL Yd dzdfOs QhieQltdseo @ &5 @
MURO z0 tfMmdetso’ BsHIW ' € 59 Oda
toj Cisdgpi 2° Is! Mw o dCstcdMistsg .

OHG L' 2 daislsls T ek &0 dzj 300500 1:00 10000
toj dié'dzd f sCde@ Is 4s'Oalz’ M j 1
f sig dz®

4 |TIMANTTI l SH st LOGdefdds o OV W BB & &
NK jtejh CsHY O klso Stej dadzs

stedfmistsoalz‘ Is+ Mw Hdv M
B hjdfls' P08 O flsd ts( 150300 2:00 10000
s te d il Qxzdg nn L Ofntoedued
sdedzd n, GBh k¢ Okt dad
dz

fd
o d
f tc
o qd
B J
yd

v OB d&zd yw 2
Uindbdzse' ydz bOOKORMEFEdEHOYS Y dzH j Blsdicighlstd'o dzd B e df tsRdésdy DER L

L/

I qots| vom | ¢85 B

1L OL o0 [Mtse ddo s’ ¢t. fadmqgad, "B
f 56 G tSH fisqeo

yqea

STUCCO tjdz  Werj StstcOlsdo daplsw
RI LEVATO([fQjtejHds 5L j todzd Mis d o3

ZOf tso dz¥ 9 Oy g 4 S Is' df tdsch
BOt B tclk ; ftcj HiNlsOo dzw | 1000
sk sL dy* ® zO0 thiplgsy 2000
RO tc Blste tso dzOf s9 dz¥ 9 O
ftoj Ofgdztst OHGEjL ' ‘8, &G0
fils Qcﬁm@scmsgs fls d 6 ©

2:00 10000

PASTELLO rd E®sdzj d&zOYF'* SUTGTSLIS'[GJ
MEDITERRANEO|M 5 dzOH O M’ dzOd3 j W j ¢
s M dpjdms d3' to dzd €' datsts f &S ¢
J e LddQ o sEts dz
jBod , " Ok "ot
qus B3 dgj e Odz' dzd d3 ¢

120150 1:00 10000

-

CRs OSTA V W dzg HjCBteOlsde
BdetsL j edzed Misd d5 dzOf s
; ftej HiMsS@asdzy © {5 1000
f L d agdmdets o 0Ctd d oo 2:00 10000
BdztsL § toded Mls ©Oy®; dz@

OMmdes OHGjJL ' ‘8, @

2¢C " st ¢ tu s lsyfstE Bdzdz” |

S T DT I X S
TS FQQE—HFGA
v ga jECe

ST s T T T T I e T, 80231317) 147



Technical sciences ISSN 23075732

1 dM) S s5edMlsOdzdzy HjCBwOHo dgscs § 5Cteqlssw fMjt' =~ De

[ dzwf ' H i) d dzj Sadz®Is dHojdgs ¢ 5 j W [z CldgO mdia® dstinls “ digls j 66 o 9 j dzd €t
dzOB dtc@flg 'y’ Odz'tda' € d ~ tdifzjdds ° DecoDer DERUFA[ 7] ,dz' dzQydz] ofrpgtizdzw
sjrndesdztse ' * ' Hipddzs ¥ Is+  IsHj jieSdeipds@IK oo dp'V j j90g €edsqizO By.itg@E o U

v O dgw 3
MOt OC Isj tod MBlefdRgdr HjjWCjstds ' o, ftod o d¢ stcdiisiPjdests’ °  HHEFAC Dedz' dif -
L/ 1 OL 9 O [ 4 SstcOlsdoaded?2 JWJicCls
STUCCO [ 2 shddzj dzdg® jWjCls' @ tojdz ' %k '  dzO
1 PENELLO fMd ted HL | dB3dzts'BBilzde M+ & dpjclstlpld dH e’  dzO dztsil dsld
PASTELLO MEDITERANEO.
STUCCO [ &z smd dzj dzdz" tc jjdi' j° SWisZ o ZzOH Odedz” Mils® d
5 RILEVATO Bsteh: AfsEfsHsadh O, odtesBdzad ¢ toj € sd3j da
M dzad, W OtcBtdOfetstz’ 8. B ZzOS dIsdz
POLICROMO [McDdffH j CstcOlsdodzdn jWjSlk' o i3y dz@
BRILLIANTE fsMd Hisowd@ Mesd W Owed t' Lddn €0

By &Btod BOId, Ctdd d&Odshdlsd POLI CR

3 fls' dzd, M5 (oY OBEEBQHB O GOk o dii e

nOOSkjtedmMisdSd sHBMisDEzzls' SO Ml

RUGOSOMURO |1 ' HCtjfdz®r' cdzdesCd?2 HjCK'Oldddd o

A 934 BLHBBGZd WOLsSDWICO MRIRIORTAT O

[ Olsj tafy' Gsdlz ' ' jISWOteS) IstztsL * fifyIs * disfdatade o3ff oz @ g deq d

PASTELLO [ dzv ity figlzdzy Wz C® ko ' to dzOH Odzdzy  Mls ' dzC

5 | MEDITERRANEO | tsteSL deplsdzolzL o desBdzd ¢ ) Cts5dsj danfz
s ded vyd fsCtedisisw.

CROSTA SR rdzv  f "deind dzj d® d H ' dzj dzdets W j§ G IS lis to @ lasdeaddzts

6 dz0 dzj mj dzdz' z0 f 85§ O tfeswej Bedz@aizic OB @€ B O
RILEVATO ' CROSTA.

"tokdalstsg € d DigjcteRWErA DEH ] oadSistcdMmlstsokze Is: Mw wHdzw WOt L
odh S PUStc@Isd d Hals v f O tofls ' CdiS dst5 10 ©acdz Pz tst®j H Mis Oo dzj daf dzO 1 d fi
Bisy dzO o dolamtefsiffis tsdzj Is' dzr € Hdzv f SWOtcs 200dedAcj B W dz , By did
f zOMisdSCtso ' f o jdtgbds Lishshots. dfOMag BN sdgdzvt | yiidrodsisviGods Co d C sted fls ©
fjdBj Asde €, BOLjtc' Odz' o, (5B ZOH dpO dztg"Is Olsiascfaisy. dzIOmS izl odttsC  Bf
DecoDer DERUFA s d[R7dE' . R OOSCIsj ted Mls

“tolzddsse $d STUCCO PENELLO STUCCO RILEVATA &3y dzO
i3 dej tc Bdydatz's d : h sk ¢ OfeECQto s ilzc dzld tetslsj dzj H Y 2ZWME O'dd®: mw
fso j U dzOde’ o Of dzv dzts® h szC Ozl sy s% Ot B8 Bz O d&zY Bded BE dz'
OB ts Mmddz ¢ OlsdA iy dzlt OsdcS O d3dz0 dzsidgss * ik ' tal), of BdzfIsls ' d3 ‘dzjlsB A * H dac
fsej ton dz dzOH O Is1 fw f j daL dzj oo § S fs dgY dzH fslisaDiein jsdzdpdz ® Qdsjddz' ‘R WOs Is
ntojMssfsH' Bdz2 OBBOdOY | 8l Odsaz Ggad Cd. 1 dzv jisjHOlszdar sy
Btsy dzd o j  dzO Qejeft) Odiadz t5 BB I s fs@s j dzw O dftss IsQej dz'dasd .slsged 3O d B ' dzf T
tojdz ‘W, ftefC Husj dzOlgsE)Bd EZOHe O jlsOf d.

14¢ Herald of Khmelnytskyi n@onal university, Issuel, 2023 (317)



ISSN 230-5732

i LS O MR T (|

‘”"’li\l’e‘:'- e N 7 5 ; . )
tdMmr j2@ksdo &7 §sStedlslsy dzO fMis' g % OBEdink®dEY Be 66 Dejf OKE Bz F

“tkddstse Sz POLI CROM®> BRI Ozt Ty 1 jOa(esds, "¢f Ols j dzj d
COdZ i@ tse OdZ (mojtendd L O oddl Ozl Is@eQ Wadokhdsd Ok digd df s
% OttB OBd. stdzd 2Oz M) egeglr o @O BY j D d@H S SBEC Bk’ o Gtz @ dzfs k
CELYBH dfsbigldifL @& PjjL0O HEEEScSENIS' '] Offlso 5y ¥ 5! Mw  dgj
258 b dedS daizd H d BAIROCH OGS * ot j Cd3j deH 2% 5! dzOdzs iy d Edlz’ BB Is k'O
BsCtesdkkz CwOse. ¢ kOCEY By BB WOIZBBEE] * FEEFOBREL & &6
Hi CstOIsdo dzd 0 fsisgzOIls d Bs§ tedzd dzOdzj Misd BOIsL 'to ' OO Iy GuBER ! "dis
he ' od.

"k dZsREBGE@SO MURO dstsy dzO z0 digs fgaf e dzee@’ tc sidz® O 2 6 B gzv -

yjcdzz kO ¢' fMsS Otels s dz. dzOldag )l§ plzogusjiz f wisy i€ 00f isHalg® fodz® dzts 4o ¢
hsEC Okt tss, O IsOS sy ts itDic BfttwoQdigich, d25 @ ' RaidMfizlzd g OB 5 fyd dz € C
1 jtoj H  dzOdzjOfsjjdpdzvozr a3 dz@ fMls* dzz  toj € 53 dzH t5 9e0@MEsd . fls™ telizdzls 16 B
toj ¢ 5d3j dae@detOfgafkls §f tc Bz § BB ' dzd ezOdggC s OBt f §

"tkdlsse Sk PASTELLO®REE BZOT EZERS MEDRE N jjdz'L O Ddcptdh dz' . 1t
dzj HBfEMCO' s Mw dgO,detstid b @tc Bla®o Ads'o jtsd' 2 dzd d3d, O dzSuj’ H deg=Eddz0

L B Oo dzV Is B 0 H 1§ “tsCBstgqdzHag 0 Odzs (Cc Gl s S OBS 2 KOs j 6' Odz
fso jtorndétsdy O@as BYflse, HEBLE ¥, daj HO® yd 50 s Odsdsiy dzf
HjCtlzo Odzdg® 1 j daL dzj O3 OB i) df LBKE BEzO 8 G s dir' os ML IEfie | Ctmldo
LHOB RO dsB jetfglae’ sddre & Mywa LB ds Isitdsy, " t@idAmsdR | dfbiezs g
BOj ' Odz 5B &) Y j ded 5] o0 dgdfd, i) g R tCedzd dedHCzAlssfy Ols C 2 H | € Ste bz ¢

"ok ZsBRAFTA SR i3Sy dzO dzO datsdd loWAHRE) ds OFs digf 3 jsdgdzke d : Nk
yedkz, ¢ {MsCOklstsd bsh . "Gk ddstd € e Ddgds, fE 8 jdzO dzi §) j dzdetz
hsZCObktwC sy, ORGOCHY SR@L@Eo jo@dz N ] §sY Ots i@ dA O laside iz
% Owe Odiq. nj tdgiiay d3dz@dejrials plsS dzkz  fifpl Isits dflzj, to jPCHS daO® AR b dzOdzj g
oS dzsH ' ‘dzt Hsts flstEi iy Al Gpls s L H Bls © ZOCh sk o df OHC k2 fifldc kdtds £ ©lsd "
OB BOLjt' Ok d&Odshdl: fiwdka 1§ igeotghaRdzs h Ciissd jiHs § SgOuREf L dz@dg]
BOC g BOdz dats. 8 ‘BEzsiBdcHzs o 1y L Odzdh dlsd dz@dz'310 G jocftcaiftsin] 1 Ok
fsojthd®. w o3) LOd>yds e, O S deE k' §Y ds fdls gEOO c
Cteld s B e B5LOCzC af H Biiplo s s} dgde® Is chojdgEss 5 | W j &'lsle’ fiflalz® o f tshy i we@iin ot
Cdzls j 60

I dMdztso Cd L dzti Qo etz St ez " 5 L o' HESC E HOds iz

vOC dd ydudasiy, dzz sty j dadeindz’ Mts ftoj HMsOo dzj dz7 o HOd 2
sfitsBdzde s’ , "t Mistshizs s MQ df § - dits dzize] o 15 dizdh J @ Is O tsobgolfitiy ENO®LA
Mitt' oD®rc DERUBA Mzizul § t5tcOls d o dzd 7 dzj W jisly 'da®d dz@ & figfls i A d s df s als:
ftcOoddz' desets Hislsted BBOdzadzy Isjrdetsdztse® ydzadn EZdise dzOdzj fj dadzw
My Jy’ Od dzls OBBY f ez’ ©dpd

[ Odz  Hishdicd w jnte@b daks § Wy L s@&EEdY SO ©  sj s’ ~  Hj
SL HEB dzj dzdzv Mg dgf Iz dzldnjiztaig@ te ' . [ sfpdz Hy j dgelez € Pz y O fipdetes & ©
DERUFA, fttsyj mMkz dzOdzj Mmj dzde” dos@zdfls ‘jdtlg,C Isf)ls o tistaei@igomy ™ dzkj@dgsfizd
Hd 02 dzjstsfy! Cls j - dZOlE@ets” B OY tz1 dzdlZz SO ° dalt s to 3@ j'C B s 5t &
SL HEsB dzj dzdz? Tls ' tzd o B ) wa(idVs PrefctotdenrS o Odzdz? ' dzW stc BOIsd o des e s
Eif " b dgje ddnd® dzdzy f tesHiz® Yy 9ty s jHs. § dzs

sttt T T T T Oen e ), $023(317) 14¢



Technical sciences ISSN 23075732

['5jcOkZEO

1.WALL D®c.o URL: https://walld.ru/catalog/gruntovka/tipfofi-grundi t e m6 97/ ( H OISO Lojt

14.11.2022).

2.A OteB O Der uf a .httpsulidele.praen.uamiKraskaferufainterer20.htmf( H O Is Ptc dagay
14.11.2022).

3.A OteB O H dzw "dzlsj o' * tolz  hipe:/kievipeom.ua/ul) IBEEE2BE Mk EaIkadlya-

interera.html/( H Ols © L o jlZafPdzdzy 0 4 .
4.n O tec BDgcoDer DERUFA. / https//uadepeaul/interier2106 tfarbi-derufadlja-stin-dekorativnifarbi-
dija-stinhtml/ ( HOISO L o jtodzj dzdzv 14. 12.2022) .
5 esHEZSCy' v Decder DERUFA. M 4 SstcOlsdo dS . / s
https://www.google.com/search?client=firefp>d&g=68F./ ( H OISO L o jtodzj dgdz?v 16. 12. 2022) .
6. Martindale Test.https://enwiki pedia.org/wiki/Martindale_Tes{/ H Ols © L 9 j 2c282P)dzdz" 16 . 1
7.1 otsH Iz DagbDer DERUFA. | te iz dzls lstps@wvw.godgke.com'searclRg=7nt=gwswiz-sep/
( HOIsOj dzdpYy 2cA022). 1

Refererces

1L.WALL D®cor. URL: htt ps :tiefprofiegiunddem8od(date aftagplication/14/11/a022).0 v k a /
2. Derufa paint. InteriotJRL: / https://kiev.pronua/ua/Kaskaderufainterer-20.html(date of application 14/11/2022).

3.DecoDer DERJFA interior paint URL: ./ https:/kiev.prom.ua/uafiB6626045kraskadlya

intererahtml/ (date & applicaion 04/12/2022).

4. DERUFA DecoDer paints URL: https://uk.thebediome.coml4266274priming-paintfor-walls-typespricesopinionsadvice
(access date 14/12/2022).

5. DecoDer DERUFA products. Decorative dags. https://www.google.com/search?client=firefbxd&q=68F./ (date of application
16/12/2022).

6. Martindale Test.https://enwikipedia.org/wiki/Martindale Test//(dateof appliation 16/12/2022)

7.7.DecoDer DERUFA products. Primerbttps://www.google.com/search?q =gwiz-serp//(date of application 17/12/2022).

15C Herald of Khmelnytskyi naonal university, Issuel, 2023 (317)


https://kiev.prom.ua/ua/Kraska-derufa-interer-20.html
https://kiev.prom.ua/ua/p886626045-kraska-dlya-interera.html/
https://kiev.prom.ua/ua/p886626045-kraska-dlya-interera.html/
https://uadepe.ru/interier/21061-farbi-derufa-dlja-stin-dekorativni-farbi-dlja-stin.html/
https://uadepe.ru/interier/21061-farbi-derufa-dlja-stin-dekorativni-farbi-dlja-stin.html/
https://www.google.com/search?client=firefox-b-d&q=68F./
https://en.wikipedia.org/wiki/Martindale_Test/
https://www.google.com/search?q=7nt=gws-wiz-serp/
https://kiev.prom.ua/ua/Kraska-derufa-interer-20.html
https://kiev.prom.ua/ua/p886626045-kraska-dlya-interera.html/
https://kiev.prom.ua/ua/p886626045-kraska-dlya-interera.html/
https://www.google.com/search?client=firefox-b-d&q=68F./
https://en.wikipedia.org/wiki/Martindale_Test/
https://www.google.com/search?q%20=gws-wiz-serp/

xv oo e ISSN 230-5732

https//doi.org/10.31891/23057322023317-1-151-154
v s577.15, 573.6.

J1 rR2ULESE MOAO
]l sdzd dzfy! € d2 dzOy' B dzOdz' dzdic?O " ek’ do, § iy  § jizdg® * Cd3.
https//orcid.org/000600028342-3011

IRIyrivc Yt dArw cMMJufts s{oluvfcAwwy 1R
YRz 1w I JrrR 1Jc YtdIruelf L1141l 1Tou[HUI

- C Aw 1% {vow o~w o= ow Wy N T Y ~ e «~ 2

P N RV R VPP N N i~@ Ay vav o ow
. - > > = , . % ot >
y 9 ' P T e A S — NA N Y T e w o ow - Y v N v g o WP S = =
, - L, s <« _~ , - ;
~ N o ow o v v o Ve = - f ~ P i N Y ov s o~ Wy ~ RS [

) v N o~ o 8 N e \.\_' T 2 “- noo~ . :” w ‘L » . 2’(805\3(” id K&A\Aﬁs‘ 7— f ,‘ “‘ -~ :.. ~q’.! -"rTa ~ v’_
~ ' n F] ~ ,,‘ 4 ) PR TIE \,A . N T AT N A~ o~y ) - - ) -~ . L TRVE ) ~ w =
e T8 o ey Ty s e LY W o X o I -0 B IR T VIR S
A&i | DAi ¢F] ) ” . — N o~ ow v . y . ~? 4 o o~y ~ o~ . ) v w ow o _...1 N P ]
PN ---v_ o ow L9 Amw A oo R A v_ - > 8’ L e W VR VL PN —»v':’,“r R v ot ﬁ ~
~ - v v ) - - - g’ |r~~'~_‘lﬁ b CNvmawv o~ -~ o\ oy wa - ~ T e -
y IO y ~ ,,_~,' F] o~ T A ~A - P Y v oA g ~ ¢ Wy T ow o 8“ ¥ ) Y
c T L " T T e e - A o T A | T
~ 7 A y ‘ T _ ~ ! 1S vA A ,—_,8, —~ -~y y R N ] ~ y
~ - ‘ i}l - ~ &g y < ~ 8
- TR g T R T R T T -
ONYSHCHUK Oksana

Lesya Wrainka Volyn National Universjt

TO THE STUDY OF THE FLOCCULATION AND COAGULATION PROCESS IN THE PURIFIC ATION OF
WATER FOR INDUSTRIAL APPLICATION

It is an important criterion the choice of lighting technique for industrial applications in water purifitan. In the article it was
examned the research méinds of the cogulation and flocculation proess. Tody, the improvement of these techniques and the use of
flocculants and coagulants, which speed up the process of coagulation and flocculation, aeangl It were considered as cgalants
sulfuric acidsalts Al2(S@)s and FeS@ It was noted an dvantageover aluminum salts since iron salts which can be used to purify water
with different salt composition and different pH values, which work betterlatv temperatures, and are charderized by greater stength
and grain sze. It was considered thepplication and influence of the cationic flocculant "PuroFloc 890" or the anionic "Flopam", which allow
water clarification without the use of a coagulantt iwas determined and considerethe process of coagaht formation. Methods and
processes for théntensification of the separation process have been studied, including due to the thickening of particles in the aggregate
under the action of coagulants anfliocculants (coagulants), sepat@n of the liquid ard solid phasedt was found that the advantge of tte
resulting suspended layer is that it works like a filter, removing fine particles from the water. As the particles accumulate
concentration ncreases and the phenomenon anepressed depositionccurs, in whib the deposition rate decreasebecaus energy was
spent on friction. It is necessary to reduce the speed of the upward flow to reduce the productivity of the illuminator,

Key words: coaglation, flocculation, flocculans, coagulate, waterlarification.
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West Ukrainian National University, Ternopil, Ukraine.
COMPARATIVE ANALY SIS OF SOFTWARE DEVELOPMENT SYSTEMS BASED ON FRAMEWORKS

The article provides a comparative analysis of web framerks based orthe Python programming languag. The right choice of a
software development tool will allow developers to speed up the procéstesigning and software implementation of web resourcégth
the development of programming languages, solutisrhave begun toappear that make it easier fio programmers to create web
applications. In recent years, many tools of this type have been dgeel, including web frameworks. Some of them are usedetetbp smé
web applications, and other frameworks argsed to creatdarge-scale systems.

The exising web frameworks differ from each other, but choosing them can be a difficult task for a pnognar. Therefore, it is
necessary to specify several paratess that are common to frameworks, according to whithe desired welframework should be selected.
The selected criteria make it possible to evaluate the frameworks more qualitatively and momectibgly and speed up the process of design
and software mplementaion of web resources. Due to the high demdiod web applicdions, developers need to ddop costeffective,
secure and weltoded web applicationsAnalyzing the Django framework, it cabe argued that it is the most popular for web development
written in the Python programming language and usinthe MVC architeture. It is ideal for applicéion projects with limited time and a
small budget. If the application is not very voluminous aadly simple URL routing and templates with a simple coritare neeed, then the
Flask framework can be used iresid of Django.

The framework for building a Fask application in the resulting HTML files contains additional tags and scripts. The mechanism o
work of processing forms also works differently. Flagkres moreinformation about form fields on pages. Ttgze of HTML fes created
using the Flask flamework turns out to be significantly larger.

Keywords: frameworks, web resources, Flask, Django.
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PEDYASH Volodymyr

State University of Intellectual Technologies and Camioations
MAT HEMATICAL MODELING OF FIBER -OPTIC TRANSMISSION SYSTEM WITH INTENSITY M ODULATION

Fibre optic transmission systems areidespread in the tranport network. Optical Transport Hierarchy (OTH) transmission
systems are the basis of the transparétwork. The pinciple of wavelength multipl&ing of channels is used iacrease thetechnical and
economic performance. Technically simpler type of intasity modulation is used to transmit OTU1 and OTU2 OTH frames. Eriaped
fibre-based optical ampfiers also geerate amplified spontaneous eission noise, which degraddke performance of the transmission
system.

The qualitative characteristics of theoptical channel of OTH transmission system with intensity modulation are investigated in
this paper. In the simuldion process, it is possibl® theglect the nonlinear sigal distortion in the optical fiber at the nominal signal powef
the transponder tansmitter. Therefore, in the studied transmission system model, an optical oscillation consistitvgpacomponens (signal
and noise) arrives athe receiver input. In thé case, anlectrical signal consisting of three summands dail-signal, signalnoise and noise
noise) will be generated at the output of the photodiode.

A simplified formula for catulating the Qfactor of the optical signalyhich affects the error prohbility in the optical channel, is
proposed in most of the sgialized literature.Numerical Qfactor values were calculated for OTU1 and OTU2 frames. They were compared
with the reference results Wwich were obtained by simulatin in Optiwave Optisystem ffware. Theanalysis of the obtained data has proved
that the simplified formula fa the calculation of the Gactor has a relative error of the order of 399%. A more accurate resutan be
obtained by using an expression thigkes into account both coponents of he noise at the photodiode output.

Keywords: fibe optic transmission gstem, interference, optical amplifier, modulation
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PEDYASH Volodymyr
StateUniversity of Intelletual Teehnologes and Communications

INV ESTIGATION OF THE MATHEMATICAL MODEL OF OPTICAL FIBER

Fiber optic transmission systems are the main type of systems for building telecommunication networks. The transponders of
modern optical transmission systemémplemert efficient modulation and codingmethods, which can significantly increase the receiver
sensitivity andincrease the length of the regeneration area. The task to define the quality characteristics of optical channels occing d
the design of sch systens.

Tosolve this problem, it isecessary to develop a mathematical model of the transmission systemmerébrm a simulation using
it. One of the main blocks of the system is the propagation medium (optical fiber). Theabdtitrer model is bas# on the nonlinear
3AEOEAEIT C Al@quaiidhAakral AroupFohmodeling methods have been developets trasis. The most widespread is the Fourier
method of splitting by physical factors, as it has a simple algorithm sturef high computing sped, andhigh accuracy. This method is
recursive, so to reduce the number of iterations, it is reasonable tothsevellkknown method of nonlinear phase rotation.

To check the functionality of the developed program code, it is rec@mded to perform testig in seeral gages. At the first
stage,it is proposed to check the accuracy of the distortion of chromatigdision. Single pulses of simple shape, such as Gaussian pulses,
should be used as a test signal. By calculating the @usape using theoretal expessionsand comparing them with tle nodeling results,
the accuracy of the optical fiber modeling algorith can be verified. The next step in verifying the fiber model is to evaluate the accuracy of
the simultaneous introductia of dispersion and ndinear distortions. For this purpose, it proposed to analyze the propagation of pulses of
optical solitons ofthe first and higher orders.

Keywords: mathematical model, optical fiber, distortion, dispersion, signal
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MODELING METHOD IN STOCK MANAGEMENT HIERARCHICAL LOG ISTICS SYSTEMS

The work highlights the issue of using the modeling method in inventory management of hieraathigistics systms. The issue
of the necessitpf inventory managemenmodeing as one of the key parameters of distribution logistics is sahsated. It has been proven
that the hierarchical logistics system can generate flow processes accordingtssBn's law, whiec makes it poséie to apply the theory of
mass servicaystens in the formalization of the processes of incoming suppliesesburces to replenish the stocks of the logistics center with
further distribution of flows among regional branhesThis methods based on obtaing optimal characteristics of the inensity of supply of
resources in the section of a specific nomenclaiusabject to restrictions on available working capital and the formation of a reserve stock
for maintenance ofepair works.
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points.
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RYMAR TATYANA
Volodymyr Dahl East Ukrainian National University

RESEARCH OF THE TECHNOLOGICAL MODE OF THE PROCESS OFPORIZATION OF LIQUID GLASS
COMPOSITE MATERIALS FOR THERMAL INSULATION INTHE = CONDITIONS OF UHF RADIATIO N

The paper pesents the results of researdhto the technological regime of the proces$ kiquid-glass compogion porization
unde the action of merowave radiation to achieve effective removal of all types of water and abtheatinsulating materials with high
operational properties. It was etblished that with a radiation power of 500 W in a vacuum environntenithout rotation of the sample,
despte the achieved high temperature value of 11105 °C, intense swelling was hobserved. The decrease the mass oftte sample is due
to the mechaism of water removal using a vacuum, which is reduced to a higher snizansfer rate wittout a vaporizationstage. In a
vacuum environment, with sample rotation, intense swelling anc tformation of a large nurber of "craters' on the surface of the sample
and large through pores in the macrostructure are observed. At atpieic pressure, the is a sharp dropn temperature at the beginning
of the process, which indicates insufficigmbwer of microwave radiatbn to intensifythe swelling process due togmificant condensation of
moisture on the surface of the sample. Wi higher radiationpower of 650 W ira vacuum environment, a sharp rise in temperature occurs
at the beginning ofthe process to 9®5 °C, vhich is due tahe beginning of intensive vapization of free and constitutional water and the
creation of a presure gradient in thesample and its gadual decrease to 560 °C, which leads before drying the material. That isjd
impractical to obtain these materiab in a vacuum environment, e there are competing processes of water mass transfer and its
evapaation. The most ogimal conditions fa obtaining composite TIMs are the output power of the installation of 650 Wdaatmospheric
pressure. Athe very fird minute of the process, theeimperature rises sharply to 890 °C, which slowly increases to 11120 °C and does not
change further. Th$ period is characterized by the most intensive swelling process. The pratsedt was characterized p ease of
adjugment, and the obtained sampleas an attractive appearance and a low average density.

Key words: technological regime porization process, liquidglass compositions, microwave radiation, atmospheric pressure,
vacwm.
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