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VJIK 004.01/08

30ipauk Te3 momosinedt XIII MixknapogHoi HayKOBO-TIPAaKTUYHOI KOH(pepeHIl
«Indopmaniiini Texnosnorii 1 aBromaruzais — 2020», (Oxpeca, 22 - 23 xoBtHs 2020
p.) / Onmeckbka Harl. akaj. xapd. Texaojoriid. — Omeca: OHAXT, 2020. — 308 c.

30ipHuK MaTepiamiB  KOH(EPEHIii MICTUTh TE3W JIOMOBIZEH HAYKOBUX
JOCIDKEHh 32 aKTyaJbHUMHM TMpoOJieMaMH Y Taly3sX, BIJIHECEHUX [0
3arajJbHONPUUHSTOrO TepMiHa «IHmycTpist 4.0».

PosrnsHyTi TMTaHHA MaTEeMAaTHYHOTO 1 KOMII'FOTEPHOTO  MOJEIIOBaHHS;
VIOpaBIiHHSA, OOpOOKM Ta 3axucTy I1HQoOpMaLii; MPOEKTYBaHHS 1H(MOPMALITHUX
CUCTEM 1 TMPOTPaMHUX KOMIUIEKCIB; IITYYHOTO 1HTENIEKTY; aBTOMAaTH3alli
pOOOTOTEXHIYHUX CHCTEM; KOMITHOTEPHUX TEJICKOMYHIKAUIMHUX MEpEex Ta
TEXHOJIOT1H; aBTOMAaTH3allli Ta YNPaBIIHHS TEXHOJOTIYHUMHU MPOILIECAMH; HOBHUX
1H(hOpMAIIHHUX TEXHOJIOT1H B OCBITI.

PesynpTaTi IOCHIKEHD TPEACTABISAIOTH COOOI0 CBOEPIAHHUI 3pi3 Cy4acHOTO
CTaHy CIPaB y MepPepaxoBaHUX Taly3siX 3HAHb, SIKU MOKE JOIMOMOTTHU SIK (axXiBIsM,
TaKk 1 CTyJA€HTaM BHIIIB CKJIACTH 3arajbHy KapTUHY PO3BUTKY 1H(GOpMAIITHUX
TEXHOJIOT1H Ta MOB’SI3aHUX 3 HUMH IMUTAHb.

B 36ipHuKy mnpencraBieHi pe3yibTaTy JOCTI/KEHb B 3a3HAYCHHUX TaTy3sIX 3HaHb
B IT nepenoBux yHiBepcuretax 3 Kuesa, Xapkosa, JIbBoBa, Onecu, Binnui, {Himnpa,
MuxkostaeBa (OBHHI CITUCOK YYacHHKIB-OpraHi3aiiiii quBucs Ha ctp.11). HasBHicTh y
MOJaHMX MaTepiayiax iH(opMarlii aHTIIIHCHKOI0 MOBOIO JTO3BOJISIE BUKOPHUCTOBYBATH
30ipHUK Te3 sIK 3aci0 KOMyHIKAIlil Mi’K BUCHUMU PI3HUX KpaiH.

30ipHUK pO3paxOBaHO HA HAYKOBUX TIPAIlIBHUKIB, BUKJIAJadiB, AaCIIPAHTIB,
CTYJICHTIB BUIIIMX HABYAIBHHUX 3aKJIiB, SIKI HAMAralOThCs JI3HATUCS TIPO CyYaCHUN
ctaH Hayku B |IT-ramy3i Ta TeHACHINI pO3BUTKY Taly3ed aBTOMaTH3allli
TEXHOJIOTIYHUX TpoleciB Ta poboroTexHiku. Ll iHpopmaris wMoxe OyTu
BUKOPUCTAHA JJIs BUPINIEHHS MUPOKOro Kojia Mpo0sieM B 3a3HaY€HUX pO3/iiax, M0
BUHUKAIOTH SK B HaBYaJIbHOMY TIPOIIECi, TaK 1 B JOCIIJIHUIILKOMY 1 HayKOBOMY
TUTaHAX.

PekomenyioBano no mnyOmikamii Buenoto Panoro IHcTHTYTYy KOMIT'IOTEpHUX
cucteMm 1 texnosorii «lumyctpis 4.0» im. I1.LH. IlnaronoBa Onecbkoi HaliOHAIBHOL
akaniemii xapuoBux TexHosorii Bix 02.10.2020 p., npotoxoi Ne 2.

Mamepianu, 3aneceni 0o 30ipHuKa, OpyKyrOmscs 3a A8MopPCbKUMU OPULTHATIAMU.

3a 0ocmosgipuicms inpopmayii gionogioae aemop nyoaikayii.

© Opecbka HalllOHAJIbHA aKaJAeMisl XapyoBUX TeXHOJIOT1i, 2020
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TpeTiM MiAXOAOM € BHKOPHUCTaHHS HATUBHOTO IUIATGOPMHOTO KOAY ISl KOPHCTYBAI[bKOTO
inTepdeticy. CriyibHa Jorika Moxe OyTu peanizoBaHa moBamu C++ abo Rust. ¥ takomy pa3si B po3poOHHKIB
€ MOXJIMBICTh BHKOPHUCTAHHS CHCTEMH 30ipku Bazel, 0CHOBHOIO TIepeBaroro sSKoi € MOXIJIHBICTH POOOTH 3
PI3HHMH MOBaMH MPOTPaMyBaHHS OJHOYACHO. [HIIOI OCOOJMBICTIO € TPaHYNIAPHICTh, TOOTO MOXIIMBICTH
PO3IpoOICHHST MOAYJIB HAa MEHIII KOMIIOHEHTH, IO JI03BOJISE MPHUIIBUANIYBATH Hpolec 30ipKu MpPOEKTa
3aBJISIKU MapajiebHOMY BUKOHAHHIO OKPEMHUX KOMITOHEHTIB.

Takum yrHOM, OYJIO TIPOBEICHO aHAI3 OCHOBHHUX CKJIAJOBHX KOMITOHEHTIB PO3POOIIFOBAHOI CHCTEMH
PO3Mi3HAaBaHHsI Ta CHHTE3Y MY3MYHHUX KOMIo3uLii. Kpim Toro, Oyio npuaiieHo yBary eleMeHTaM IIBHAKOTO
30epiranHs Ta momyky iHgopmauii. Byiao mpoanamizoBaHO iCHYIOYI MiAX0Au KpocmiaTgopMHOi peaizamii
CY4acHOTO KIIEHT-CEPBEPHOTO pIMIEHHS 3 YypaxXyBaHHAM MOOUIPHUX TEXHOJOTIH. BukoprctanHs
MPOaHaNTI30BaHUX IMIJAXOJIB JO PO3POOKM MpOrpamMHOro 3abe3reveHHs] ayJio cHucTeMy 3a0e3lCUuTh
HIBUIKICTH 1IeHTU(]IKalLi] 3ByKOBUX KOMIIOHEHTIB Y IIPOLIEC] pPO3Mi3HABAHHS MY3UYHOTO KOHTEHTY.
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UDC 004.5

USING FUZZY LOGIC IN ASSESSING OF AUTOMATED TESTING SYSTEM
ZYBIN V. I, LIUTENKO I. V.
National Technical University "Kharkiv Polytechnic Institute™ (Ukraine)

This document describes the use of fuzzy logic in evaluating an automated testing system. Testing is a
key factor in improving software reliability. Popular automated testing systems and a brief description are
introduced. Fuzzy logic and selection of quality criteria is described. A system selection formula is proposed.

Introduction

Nowadays most people use automated testing systems for quality assessments of their software. Test
automation solution — is a realization (implementation) of a test automation architecture, i.e., a combination
of cumpunents implementing a specific test automation assignment. The components may include
commercial off-the-shelf test tools, test automation frameworks, as well as test hardware [1]. Automated
testing systems have very extensive functionality and used to test various categories of software, for
example, web applications, embedded software, etc. For a more accurate choice of an automated software
testing system, it is necessary to select quality criteria and their impact on the effectiveness of testing.

Problem statement

Electronic devices have occupied all the niches of modern life, ranging from ordinary communication
via smartphones to electronic equipment in such important and complex fields of activity as medicine,
astronautics and more. Algorithms and software structures become more complex with each passing year,
and a small error in the software code can cause great harm. The complexity and importance of modern
software makes software testing an important step in the development of software systems of any type and
scope. First, it prevents and corrects system errors that can cause great harm. Secondly, even testing small
commercial products can detect errors that can save a large amount of money to the customer.
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The object of the research is the process of evaluating automated testing systems. Research subject: the
choice of a model for evaluating automated testing systems. The aim of the research is to study the
possibility of using fuzzy logic to evaluate automated testing systems.

Review of existing testing systems

Selenium. Selenium is a testing environment for web applications on various browsers and platforms
such as Windows, Mac and Linux. Selenium helps testers write tests in various programming languages such
as PHP, C#, Java, Python, and Ruby. It offers recording and playback functions for writing tests without
exploring the Selenium IDE [2].

TestingWhiz. TestingWhiz is a test automation tool. TestingWhiz tool’s Enterprise edition offers a
complete package of various automated testing solutions like web testing, software testing, database testing,
API testing, mobile app testing, regression test, optimization, and automation, and cross-browser testing [3].

TestComplete. TestComplete is a tool for automated software testing, which has such a set of functions
as: testing web applications, mobile applications and desktop applications. Testers can use JavaScript,
VBScript, Python, or C ++ Script to write test scripts. TestComplete has an object recognition engine that
can accurately identify dynamic user interface elements. This mechanism is especially useful in applications
that have dynamic and frequently changing user interfaces [4].

Ranorex. Ranorex provides a comprehensive and professional set of features for Web, mobile, desktop,
and API testing. Ranorex has advanced capabilities for Ul element identification, editing, and management.

Ranorex makes automation testing easy for testers with its friendly and intuitive GUI, record, playback,
and script generation [5].

Sahi. Sahi is an open-source web application testing and automation tool. It features record-and-
playback options on all browsers, suites and batch run, HTML playback reports, and more [6].

Katalon Studio. Katalon Studio is a cross-platform automation testing solution built on top of the
Selenium and Appium frameworks. It’s completely free, easy to deploy, and its active community of over
100,000 automation testers has created a wealth of tutorials and guides that make learning how to use
Katalon Studio effortless. Katalon Studio have a powerful and comprehensive automation solution for testing
API, Web, mobile, and desktop application testing. It also has a rich feature set for these types of testing and
supports multiple platforms including Windows, macOS, and Linux [7].

Eggplant. Eggplant’s Digital Automation Intelligence is a licensed tool suite, which primarily aimed at
application testing and GUI testing. For testers, Eggplant offers Al-driven test automation for functional,
usability and performance testing. It also provides analytics into user- and business-focused metrics that
gauge release quality and its impact on the end-user. Rather than the object-based approach employed by
most test automation tools, Eggplant works on an image-based approach. Eggplant can produce a single
script testing on multiple platforms like Windows, Mac, Linux, Solaris, and much more [8].

Research materials

The ISO 25010 standard is used to assess the quality. This standard includes the following criteria [9]:

e Functional Suitability;

Performance efficiency;
Compatibility;
Usability;

Reliability;

Security;
Maintainability;

e Portability.

The product quality model defined in ISO/IEC 25010 comprises the eight quality characteristics shown
in the following Fig. 1.

To assess the quality of the tests, not all of the above criteria are important. Fuzzy sets and fuzzy logic
could improve this situation and help use more accurately those criteria.

A fuzzy set is a class of objects with a continuum of grades of membership. Such a set characterized by
a membership (characteristic) function that assigns to each object a grade of membership ranging between
zero and one. The notions of inclusion, union, intersection, complement, relation, convexity, etc., extended to
such sets, and various properties of these notions in the context of fuzzy sets are established. In particular, a
separation theorem for convex fuzzy sets proved without requiring that the fuzzy sets be disjoint. L. A.
Zadeh represented fuzzy sets algorithm in 1965. In that work for mathematical definition use X, which a
space point (objects), with a generic element of X denoted by x. Thus, X = {x}. A fuzzy set (class) A in X is
characterized by a membership (characteristic) function fa(x) which associates with each point 2 in X a real
number in the interval [0, 1], with the value of fA(x) at x representing the "grade of membership™ of x in A.
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Thus, the nearer the value of f(x) to unity, the higher the grade of membership of x in A. When A is a set in
the ordinary sense of the term, its membership function can take oil only two values 0 and 1, with fa(x) = 1 or
0 according as x does or does not belong to A. Thus, in this case fa(x) reduces to the familiar characteristic
function of a set A [10].
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Figure 1 — Quality characteristics

To solve the problem of choosing an automated testing system, using a fuzzy inference, which
determines the non-linear mapping of the input data vector into a scalar output value using fuzzy rules. A
fuzzy logic output with a multidimensional output considered as a set of independent fuzzy logic outputs
with a multidimensional input and a one-dimensional output.

Fuzzy inference consists of three components: a fuzzifier, a logical inference mechanism, and a
defuzzifier. The fuzzifier determines the degree to which input values belong to fuzzy input sets - linguistic
variables.

The core of the inference mechanism is a rule base containing linguistic rules derived from static
numeric data.

A defuzzifier maps a fuzzy output set to a fuzzy set containing a range of output values. Defuzzifier
converts to a single numerical value, convenient for further use.

The evaluation uses criteria as inputs and one output. Based on ISO 25010 the outputs are defined in
the range from 1 to 10. The output determines how effective the choice of an automated testing system will
be and has a value from 1 to 10. Inputs is determined by the following set of linguistic variables: x, = {low,
medium, high}; output is an effective choice and it is defined as y = {very low, low, medium, high, very

high}. Similarly, to the input values, a set of output linguistic variables determined T,, = [Tl, Tyz, ...,Tmy}.
Rule base consists of a set of rules in the format:

Rule = "if x;has Ty~ and if x,has Ty, ...and if xhas Ty, then'y has Ty™"
IT more than one condition is used, then it is necessary to use a fuzzy operator to determine the result of
applying this rule, that is, determine the degree of membership for a fuzzy set of outputs. To do this, use the
minimum operators (3) and products (4):

,Ll(y) = min(/'l(xl)' .U(xz); '#(xm))

1) = p(ry) * uloxz) * o x u(m)
where u(xq), u(xy), ..., u(x,,) — degree to which the input values and the application result belong to
the corresponding fuzzy sets of linguistic variables.
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Conclusion and future work

Quality assessment methods are very important because they reduce the adverse effects of defects in
software development. Choosing an automated testing system is a complex task that is influenced by many
different factors. A model for evaluating the effectiveness of choosing an automated testing system using
fuzzy logic can reduce the ambiguity and uncertainty of the quality attributes of automated testing systems.
Further work in this area of research includes:

1. Creation of an algorithm for evaluating automated testing systems.

2. Development of a software tool for evaluating automated testing systems.
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VIIK: 004.9

ABTOMATHU30BAHA KOMITHOTEPHA CUCTEMA AIATHOCTUKU
KOHKYPEHTOCITPOMOXHOCTI ®AXIBIIIB 3 IHOOPMAILIMHUX TEXHOJIOI'TH
IBAHOBA JI.B., CKOPHIKOBA O.B.
Ounecbkuii Texuiunuit kosex OHAXT (Ykpaina)

Anomayis: IIpeocmasnena aemomamu308and Komn'tomepHa cucmema diaeHocmuKu
KOHKYPEHMOCNPOMOICHOCIE MAUOYMHIX (axieyie 3 iHPOPMayiiHUX MexHOL02ll, Wo CKIA0AEMbCs 3 HAbopy
mecmie Ha GU3HAYEHHs NCUXONO2IYHUX, MEOPUUX [ 0CcoOUCmICHUX sAKxocmell cayxawa. Bushaueno, wo
3ACMOCY8AHHA KOMHAEKCHO20 NIOX00) 3 CUCEMHO20 0ia2HOCMYBAHHA 3 UKOPUCTNAHHAM PISHOCHPAMOBAHUX
mecmie 00360J5€ OMPUMAMIL CUCIEMHY OYIHKY CKIA008UX KOHKYPEHMOCHPOMONCHOCII MAUOYMHIX
Gaxieyic 'y Ounamiyi. OOIPYHMOBAHO — 3ACMOCYBAHH AGMOMAMU308AHOI KOMN'TOmMepHOi  cucmemu
diaeHocmuKy 0codbucmocmi cmyoeHma 0Jis1 OYIiHKU ma amecmayii NCUXon02iuHo20 cmaty 3000y8ayie oceimu
3aKNa0i6 0CIMU PI3HO20 Pi6H aKkpeOumayii, SUseiIeHHs: 0COOUCICHO-NPOgecitinux ocobausocmel, wo
00360/1UMb  KIILKICHO — 8USHAYUMU  Di6EHb KOHKYPEHMOCHPOMOIICHOCIME — MauOymuix — ¢axisyie 3
iHOpMayiTIHUX MeXHON0SI ma 3HAYHO Cnpowye @ikcayito ma o0OpoOKy ionosioell pecnoHOeHma npu
0OHOUACHOM) 3HUNCEHHI UMOGIDHOCHI NOMULOK HA OAHOM) emani 0iacHOCuKuU.

B ymoBax cTpiMKOro W pi3HOILIAHOBOTO PO3BUTKY YKpaiHU BiOyBaeThCs HE3BOPOTHIN CHCTEMHHIMA
[IPOIleC MOJEepHi3allii BCI€l CHCTEMH OCBITH B YKpaiHi, OCHOBHOI METOK SKOi € IiJrOTOBKa
KOHKYPEHTOCIIPOMOKHOTO KOMIIETEHTHOTO (haXiBIls BiMOBIHOTO PiBHS Ta MPO]isto, SIKUi BUTEHO BOJOJIIE
CBOIM (hbaXxoM Ta OPIEHTYETHCA B CYMDUKHHX Tally3siX MiSUTBHOCTI, 3AaTHUH A0 e(heKTHBHOI AisITBHOCTI 3a
(haxoM Ha piBHI CBITOBUX CTaHAAPTIB, TOTOBUI JIO MOCTIHHOTO MPO(ECIHHOrO PO3BUTKY.

JliarHOCTHKa TOBMHHA OyJyBaTHCs Ha SICHUX 1 TOYHHMX YSBJCHHSX PO CYTHICTh IIOTO IIPOIIECY.
[Icuxomorn, oHOCTAfHO BH3HAIOUH, IO caM (PEHOMEH OCOOMCTOCTI iICHY€E 1 BITHOCUTHCS B IICHXOJIOTIUHIN
Haymi 70 4nciaa 0a30BHX OO0'€KTIB OCHIPKEHHSA, TaK CaMO OJHOCTalHO BBaXKAIOTh, IO Mpodiema
00'eKTMBHOTO BU3HAUCHHS CYTHOCTI OCOOMCTOCTI, 11 iHTepnpeTamii € oHie0 3 HaiiBax4uuX. "OcoOUCTICTD -
SIBUIIIC HACTUTLKH BCEOCSDKHE 1 HEBU3HAUEHE, 1110 ONMCATH Horo BKpait ckiamaao" [1].
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Maxoen Hatanist OnekciiBHa, K.I1.H., ToueHT, OjiechKa HalliOHAJbHA aKaJeMisl XapUOBHX TEXHOJIOTIN

MakcumoB Makcum BitaniiioBny, 1.1.H., mpodecop, OnechKuii HalliOHAIbHUH MO TEXHIYHUN YHIBEPCUTET
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Manaxosa Hanist ['eopriiBha, cTynentka, HarionansHuiil yHiBepcureT kopabieOyayBanHs iM. aaM. Makaposa
Manuron ['ennaniii BacunpoBud, acmipant, HarioHaneHUil TeXHIYHUN yHIBepcHTET «XapKiBChKUN MOJITCXHIYHUN
IHCTUTYT»

Manuenko Onekcanap CepriiioBud, cryneHt, Onechbka HallilOHaJIbHA aKaJIeMisi XapUOBHUX TEXHOJIOTIH

ManbkyTa SlHa MukosaiBHa, K.¢.H., JoIeHT, CXiTHOEBpONEHChKUT yHIBepcuTeT iMeHi Payda AOmsi30Ba
Mapymak A. B., BIHHUIIbKHI HalllOHAJIBHUIT TEXHIYHUN YHIBEPCUTET

Mapuesceka Onbra PomaniBHa, JIynieknii HallioHaTbHAN TEXHIYHUHA YHIBEPCUTET

Mariko ['annna @emopiBHa, K.T.H., IOIEHT, HarionansHuH yHiBepcHTET «JIbBIBCHKA MOITEXHIKA

Mengenes Bomonnmup CemenoBud, ctyneHT, HamioHansHIA TEXHIYHUHN YHIBEpCUTET «XapKiBCHKUN MO TEXHITHIH
IHCTUTYT»

Mentok Poctucnas CeprilioBud, CTyneHT, OIeChKU HAITIOHATBHHIH MOJITEXHIYHAN YHIBEPCUTET

Muxaiinos I1. I., 3D Gneration GmbH (Himeuunna)

MiniB Poman IlerpoBuy, ctyeHT, BIHHUIbKUH HalliOHAILHUN TEXHIYHUH YHIBEPCUTET

Morineit Cepriit Onexcanaposny, Bukiaad, CxijgHoeBporeicbkuil yHiBepeuTeT iMeHi Payda Abmsizosa
Mouypan Jlecs IropiBHa, K.T.H., H0o1eHT, HanlioHaneHuUi yHiBepcuteT "JIbBiBChKA MOJITEXHIKA"

Hasaposa Onena CepriiBHa, K.T.H., JOIIeHT, Harlionansauil yHiBepcuTeT «3anopi3bKa IMoJIiTeXHIKay

Haranis Botiko, k.T.H., noueHT, HarioHansHMi yHiBepcuTeT “JIpBIBChKA MOMITEXHIKA™

Herzopor Bonogumup AmutpoBud, cryneHTt, O1echKuil HaIliOHANEHUH MOJIITEXHIYHUH YHIBEpPCUTET

Henogr Ounexciit JIeonigosuy, K.1.H., cTapimuni Bukiaaad, Oecbka HallioHAIbHA aKaJeMis XapUOBHX TEXHOJIOTIN
OneitrikoB Mukona OnexcaHIpoBHY, CTyAeHT, HarioHapHAN yHIBEpCUTET «3amopi3bKa MO TeXHIKa»
OnpmeBcbka Onbra BomoaumupiBHa, K.T.H., T01eHT, OechKa HaIllOHaJIbHA aKaIeMis XapuOBHX TEXHOJIOTIH
OpexoB Cepriii BanepiiioBuy, K.T.H., JOIeHT, HallioHanbHUI TeXHIYHUN YHIBEPCUTET «XapKiBCHKUI MOMITEXHIYHUI
IHCTUTYT»

OpnoBcekuii  JImutpo JleoHimoBWY, K.T.H., [OLEHT, HamioHanbHWIA TEXHIYHWII YHIBEpCUTET «XapKiBCHKHIMA
MOJITEXHIYHUH IHCTHTYT»

Ocamunii Bomomumup Bonogumvuposud, K.T.H., AOICHT, HallioHaIbHAHN YHIBEPCUTET «3aropi3bKa MOJITeXHIKaY
Ocrameako Aprtem OnekciioBWY, K.T.H., cTapmmii Bukmamad, JBH3 "[lpua3oBchkuid [ep>KaBHUH TEXHIYHUHA
yHiBepcuTeT"

OysH Cinbl, ctyaenTka, OechKuil HalliOHANBHUH MO TEXHIYHII YHIBEPCUTET

[Mapuun st AnapiiioBud, crynent, OaechbKuii HallioHaIEHUN TOJIITEXHIYHUN YHIBEPCUTET

[Tix Ipuna BeeBonoaiBHa, A.T.H., npodecop, YkpaiHChKa aka/ieMis ApyKapcTBa

[Tiayrin B.B., YopHoMopchkuii HallloHaJ bHWIT yHiBepcuTeT iMeHi [letpa Morunu

[Monropaupkuii [TaBno OnexcanapoBuy, cTyieHT, Oechbka HallloHaJIbHA aKaeMisi XapuOBHX TEXHOJIOTTH
[Tyiinenko Bagum OnexciiioBud, 3aCTyIHUK JTIUPEKTOPA, XapKiBCHKUH pajlioTeXHIYHUHA KOJIEK

[Tynuenko Haranist OneriBHa, K.T.H., tolieHT, OjiechKa Jep)kaBHa aKaJeMis TEXHIYHOTO PEryJIIOBaHHS Ta SKOCTI
Pomantok O. B., BiHHUIbKHH HAIIOHATHHUH TEXHIYHAN YHIBEPCHUTET

Pomanrok Onekcanp Hukudoposuu (Romanyuk O. N.), 1.1.H., mpodecop, 3aBiayBayu kaeapu mporpaMmHoro
3a0e3neueHns], BIHHUIbKUT HAITiOHATBHWA TEXHIYHUN YHIBEPCUTET

Caxamok Omnekciit IOpiiiosnd, acmipant, Ofechbka HallioHaJIbHA aKaIeMist XapYOBHX TEXHOJIOT1H

Caxaposa CsiTnana BasepiiBua, K.T.H., 101eHT, Olechka HalliOHAJbHA aKaIeMis XapuoBUX TEXHOJIOT1i
CeniBanoBa Aina BitaniiBHa, k.1.H., Jo1ieHT, Oechka HaIlliOHATbHA aKaJAeMisl XapuOBUX TEXHOJOTIH
CenbkiBebknit BeeBonon Mukomnaiiosud, 11.7.H., npodecop, YKkpaiHChKa akaieMist IpyKapcTBa

Cepreesa Onekcanapa €Brenisua, JI.T.H., Ipodecop, 3aB.kad., Onecbka HallioHaIbHA aKaJeMisi XapuOBHX TEXHOJIOTIH
Cupopxko Irop IBanoBuy, npoBianuii irokenep, Jepxasue [linqnpuemcto «JIbBiBCTaHAAPTMETPOIIOTIS

Cipenko Omekcannp [BaHOBHY, cTaprmii BuKiIagad, OJecbka HalllOHABHA aKaJIeMisi XapYOBUX TEXHOIOT1H
CkakoBcrkuit FOpiit MuxaiinoBud, K.T.H., 1oneHT, Ofechbka HalioHaJbHa aKaJgeMis XapuoOBHX TEXHOJIOTIH
Ckupcbkuii Irop BacuiiboBuu, cryneHT, BiHHUIbKHI HAIIOHATIBHUI TEXHIYHUN YHIBEPCHUTET

CkopusikoBa OnieHa BosioiumupisHa, Bukianad, Opecskuii Texaiunuii konemx OHAXT

Coxomnora Oxkcana [leTpiBHa, crapimii Bukiagad, Oecbka Hal[lOHAIbHA aKaIeMisl XapUOBUX TEXHOIOT 1
Comnory6 Kocrsiutun Banepiiiouy, Bukinanad, BCII «Onechkuii Texniunuii haxosuit koemx OHAXT»
Crapuupkuii [1arno BanepiitoBuy, acniipant, BiHHUIbKHMI HAlllOHATBHUI TEXHIYHUN YHIBEPCUTET

CranicnaBuk Slpocnas ['eopriiioBny, ctyneHT, Onecbkuii HalllOHAIbHUI MOJITEXHIYHUH YHIBEPCUTET

CrenanoB Muxaiinn TumodeeBny, K.T.H., TOIeHT, OJjecbKa HaIllOHAIFHA aKaeMisl XapYOBUX TEXHOJIOT1H
Crenyn Aprem Mapripocosid, cryneHT, Onechka HaIliOHAIBHA aKaaeMis Xap4OBUX TEXHOJIOTIH

Credpannmun Poman FOpiiioBud, cryneHT, HamioHnamsHII yHIBepcHTET «JIpBIBChKA MOTITEXHIKA

Crincekuit Bitamniit BnanucnaBoswd, ctyaeHTt, OnechbKui HaIllOHAIBHUH MOMITEXHIYHUHN YHIBEPCHTET
CromakeBnd AHzpiit OnekciiioBud, K.T.H., qoueHT, Omeckka HalioHa bHa akaaeMis 3B°s13ky iM. O.C. [Tomosa
Cy66ortina O.B., H.c., [HCTHTYT KibepHeTHKH iMeHI B.M. I'mymikoBa HAH VYxkpainu

Cyunima FOmian IOpilioBuy, K.T.H., 3aBigyBau BijaiieHHsM, «Onecbkuil TexHiuHui paxoBuit konemx OHAXT»
Cymnima FOmnis €BreniiBaa, Bukianad, BCIT «Onecbkuit TexHiunui paxopuit konemx OHAX Ty

Tumuenko Makcum MakcuMoBHY, cTyIeHT, HanioHaapHa MeTanypriiiHa akaaemis Y kpaiHu

Turypenko Xanna AunpiiBHa, crynentka, OnecbKka HallloHaJ bHA aKaJeMisi XapuOBHUX TEXHOJIOTTH

Tkauenko P. O., HauionansHuii yHiBepcuret "JIbBiBChKa MOJITEXHIKA"
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Txauyk Anacracis [laBiiBHa, cTyeHTKa, BIHHMIIBKUI HalliOHANBHUA TEXHIYHUI YHIBEPCUTET

Tonop Mukona MukonaitoBuy, actipant, Ojiecbka HallioHaJIbHA aKaJeMisl Xap4OBHX TEXHOJIOTIH

Tpimmua ®enip AHaroniiioBud, K.T.H., ToeHT, OJicchKka HaIllOHAJIbHA aKaJIeMisl XapYOBUX TEXHOJIOT1i

Tiopina €preniss OmnexcanapiBHa, acucreHT, HarioHanpHMH TexHiYHMIT yHiBepcureT Ykpainun «KuiBchbkuit
MOJITeXHIYHUH 1HCTUTYT iMeHi [ropst CikopchKoro

VYukapenko Onekcannp OneroBud, K.T.H., TOLEHT, HalionanbHuid yHiBepcuTeT KopabiedynyBanHs iM. aaM. MakapoBa
Qaitazunsoepr Jleonin ColoMOHOBHY, [I.T.H., Tpodeccop, MiKHApOAHNI HAYKOBO-HaBYAIBHUHN HEHTp iHGOpMAaIiitHX
texHoJorii i cucreM HAH i MOH VYkpainu

®denocor Cepriit Hukudoposnd, 1.¢pm.H., mpodecop, Onechka HalliOHAIbHA aKaeMis XapuOBHX TEXHOJIOTIH

®enyn [nHa BacumniBHa, cTyieHTKa, YHIBEpCHUTET AepkaBHOI BicKanbHOI CiTy:k0n YKpaiau

®Dowmin A. O., OnecbKuii HaITIOHATHHUH MOJITEXHIYHAN YHIBEPCUTET

XandeBchbkuii BrnamucmaB AHmpiiioBud, ctyaeHT, Omecbka HallioHAbHA aKaJeMisl XapuoBUX TEXHOJIOTTi

Xapaxam Onexcannp BsiuecnaBoBud, crynent, Onecbka HalliOHAJIbHA aKaJieMisl Xap4OBUX TEXHOJIOT1H

Xapkesuu Kupuiio AnapiiioBud, cTyieHT, BIHHUIBKNI HalliOHAIBLHUH TEXHIYHNIN YHIBEPCUTET

XobuH Bukrop Anapeesud, 1.T.H., ipodecop, Onechka HalllOHAIbHA aKaJeMisi XapYOBUX TEXHOJIOT i

Xomaba Onekcannp MupociaBoBHY, K.T.H., JIOIICHT, BIHHUIIPKUI HAIlIOHAIEHUHN TEXHIYHUN YHIBEPCUTET

Yan Amnina Jle Banisua (Chan A. L. V.), ctynentka, BiHHUIIbKUI HAIIIOHATBHIH TEXHIYHUN YHIBEPCUTET

Yarmmiaceknit FO.I1., k.1.H., c.H.c, [HCTUTYT KibepHeTHKH iMeHI B.M. I'nymkoBa HAH Ykpaian

Yepuuwes Cepriit ['ennaniiioBuy, cryneHt, HamionansHuii yHiBepcHTET «3aropi3bka MojgiTeXHiKa»

UYepanmmoB KoctsuTiH AHAPiHOBUY, acmipanT, BIHHUIbKUIT HAIliOHANBHUH TeXHITHUN YHIBEPCUTET

UYepnaoBonuk "annna OnexcanapiBHa, K.T.H., TOIEHT, BIHHUIBKUHA HAIllOHATBHIN TEXHIYHIN YHIBEPCUTET

Uexmectpyk P. 1O., 3D Generation UA (Ykpaina)

[abarypa 10.B, HauionanbHa akajiemist CyXOMyTHUX BifChK

[Bers Banepiit TumodiitoBud, a.¢pm.H., mpodecop, Oxechka HalliOHATbHA aKaJAeMisl XapUOBHX TEXHOJIOTIH

[Hepmryn Onexcanap OnekcaHAPOBHY, CTYACHT, O/lechbKa HalliOHATBHA aKaIeMis XapuOBHUX TEXHOJOTIH

[ectomanmo Cepriit BikropoBud, K.T.H., 1oneHT, Ofeckka HalliOHAJIbHA aKaJIeMis XapuOBHUX TEXHOIOTIH

[Imamrox B. A., BIHHUIIbKHN HAI[IOHATLHUN TEXHIYHUNA YHIBEPCHTET

[mraKoBChknit OnekcaHap AHATONIHOBHY, K.T.H., JOICHT, O/1eChKIIT HAIIIOHAEHIH MOJITEXHIYHUH YHIBEPCHTET
ymexenko Cepriit CepriiioBud, acmipanT, HarioHaTpHAHN YHIBEpPCUTET «3amopi3bKa MOTITEXHIKa»

SlkoBeHko ApreM AHaToOJIHOBHY, CTyJeHT, HarioHaibHUi TeXHIYHHUN yHIBEpCUTET «XapKiBChKHI IMOJITEXHIYHUH
THCTUTYT»

SnakoB Banepuii IletpoBuu, K.T.H., J0UEHT, MEIUTONOJBCKNNA HHCTUTYT TOCYJAPCTBEHHOTO W MYHHIIMIIAJIBHOTO
yrpasieHus Kiaccuieckoro 4acTHOrO YHHUBEPCUTETA

Sposwii Irop IBaHOBHY, K.T.H., BUKJIaga4y, MexaHiko — TexHonoriuaunid konemk OHAXT

Spomyk Jlronmuna Jlem’siHiBHA, K.T.H., A0leHT, HarmionanbHuMH TexHiuHMH YyHiBepcuteT Ykpainum «KuiBchbkuit
MOJTITEXHIYHUN THCTUTYT iMeHi [ropst CiKopchbKOT0»

Antipova Kateryna, YopHOoMOpChKHif HalliOHATBHAN yHiBepcuTeT iMeHi [letpa Mormmm

Anton Paramonov, K.T.H., 1o1eHT, JloHeIIpKNii HallioHATBHNH yHiBepcuTeT iMeHi Bacwusa Cryca

Borysova Natalia Volodymyrivna, k.T.H., foueHT, National Technical University “Kharkiv Polytechnic Institute”

D.V. Khramchenkov, National Research Nuclear University (Russia)

Koltunovych O.S., cryaent, JIyibkuil HAIllOHAIBHUN TEXHIYHUN YHIBEPCUTET

Kovalenko Igor, YopHOMOpCcEKHI HanioHaIEHUH yHIBepeuTeT imMeHi [lerpa Mornmm

Liashko Anastasia, Philosophy Doctor of Technical Sciences, National University of Life and Environmental Sciences
of Ukraine

Lipunov D. A., /IBH3 "IIpna3zoBcbkuii qep>kaBHUN TEXHIYHUH yHiBepcuTeT"

Loveikin Viatcheslav, Doctor of Technical Sciences, National University of Life and Environmental Sciences of
Ukraine

Maik V. Z., Ykpaincbka akajgeMis ApyKapcTBa

Melnyk Karina Volodymyrivna, k.T.H., nouenT, National Technical University “Kharkiv Polytechnic Institute”

Potokii M.S., crynenrtka, HamionansHuii yHiBepeuteT "JIbBiBChKa MOJTITEXHIKA"

Romanyuk Sergey, BiHHUIIbKHIT HAIlIOHATBHII TEXHIYHUN YHIBEPCUTET

Romasevych Yurly,Associate professor, National University of Life and Environmental Sciences of Ukraine

Sanko [.V., HamioHanpHHUN TeXHIYHUHA YHIBEPCHTET «XapKiBCHKUU MOMITEXHIYHAN THCTUTYT

Shved Alona, HopHOMOpPCHKHIA HalliOHATBFHUN yHIBepcuTeT iMeHi [letpa Morumm

Vasyl Martsenyuk, PhD, Associate professor, University of Bielsko-Biala, Department of Informatics and
Automatics , (Poland)

Vyatkin Sergey, Institute of Automation and Electrometry SB (Russia)

Yaroslav Isaienkov, student, Vasyl' Stus Donetsk National University

Yershova Svitlana Ivanivna, senior lecturer, National Technical University “Kharkiv Polytechnic Institute”
Zatserkovnyi R. G., YkpaiHcbka akajeMist IpyKapcTBa
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