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Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

The collection contains materials accepted by the organizing committee for
participation in the International Scientific and Practical Conference
"INFORMATION CONTROL SYSTEMS AND TECHNOLOGIES" (ICST-
ODESSA-2023).

The materials of the conference cover the main directions of development in the
field of artificial intelligence, development and analysis of big data, blockchain and
crypto technologies, control systems in robotic systems, data security and
cryptography, ICT in the network and administration, information systems and
technologies in Data Mining, intelligent technologies management, mathematical
modeling, methodology and didactics of teaching and using ICT, application
development, project management. system analysis, software development.

Conference materials are presented in the following sections:

- Information control systems

- Intelligent systems and data analysis

- Modeling and software engineering

The conference materials were reproduced from the author's originals. The
organizing committee of the conference expresses gratitude to all the participants of
the conference and hopes for further fruitful cooperation
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Conference sections:

1. Information control systems

1. Blockchain and Crypto Technologies
2. Control Systems in Robotic Systems
3. Data Security and Cryptography
4. ICT in Network and Administration
5. Methodology and Didactics of Teaching and Using ICT

2. Intelligent systems and data analysis

6. Data Mining Technologies and Big Data
7. Intelligent control technologies
8. Artificial neural networks and machine learning
9. Applied intelligent systems
10. Intellectual models and knowledge engineering
technologies
11. Multi-agent systems and distributed computing

3. Modeling and software engineering

12. Mathematical and simulation modeling
13. Project management and risk assessment
14. Design and development of software applications
15. Software testing automation
16. Agile methodologies and business processes formalization
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SECTION 1. INFORMATION CONTROL SYSTEMS
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Abstract. The article is devoted to the methodology of synthesizing digital
regulators in precision electric drives for orientation and stabilization target
tracking system of mobile robot’s directional sensors.

Keywords: digital automatic control, mobile robots, electric drive.
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Anomauis. Cmamms npucesiuena Memoooao2ii cunmesy yupposux pezyiamopis
V NpeyusiiHux eieKmponpueooax cucmemu opiemmayii ma cmabinizayii yinetl
CYnpo8ody 0amuuxie opicumayii Moo6LibHUX pobomie.

Knrouosi cnoea: yugppose asmomamuune Kepysawus, MoOIIbHI podomu,
eeKmponpusoo.

Successfully solving the problem of localizing the robot’s mobile base
and working body is a necessary condition for its effective use and
determines the possibility of its application in general [1]. Prospective
mobile robots for all environments are mostly intended for autonomous use,
i.e. using their own resources during operation.

Thus, the speed, accuracy and energy conservativeness, range of
navigation system sensors and the working body allow to increase the time
of mobile robot effective active operation for its intended purpose. Special
requirements for mobile robot sensors arise when robots are used in groups
to perform a common task in conditions with unpredictably moving mobile
obstacles.

Methods for solving such problems assume the presence of sufficiently
accurate information about the state vector, absolute and relative speeds of
robot and obstacle movement.

A possible way to solve the problem of providing primary navigation
information to mobile robot navigation systems is to use a large number of
heterogeneous omnidirectional sensors.

However, using an excessive number of omnidirectional sensors in
autonomous operation worsens the robot operation technical and economic
indicators.

Using directional sensors allows solving the problem of obtaining high-
precision primary information quickly and efficiently only if there is a of
orientation (reorientation) electric drives special system and target tracking
stabilization [2].

Currently, digital control of mechatronic devices electric drives that are
actually used in practice is carried out, at best, by digital PID regulators.
These DPID regulators are parametrically tuned to deterministic
mathematical models that are only suitable for tuning in orientation
(reorientation) mode [3,4].

Then, at best, parametric fine-tuning is performed during field tests or
maintenance work during normal operation. Algorithmic correction of
electric drive dynamic characteristics is not performed. The electric drive
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rotor speed and (or) its rotation angle are measured by special mechanical
sensors (primary information sensors) that do not have sufficient reliability
and, at the same time, increase the mass and electric drive energy
consumption [5].

Thus, the task of developing an engineering methodology for the
precision electric drives digital regulators synthesis for the orientation and
stabilization of mobile robots directional sensors target tracking system is
relevant.

The article is devoted to the methodology of synthesizing digital
regulators in precision electric drives for orientation and stabilization target
tracking system of mobile robot’s directional sensors.

The methodology makes it possible to reduce the transition time in the
electric drive rotor angle control channel, to synthesize a quasiinvariant
digital automatic control system in relation to the external perturbing
influence.

Use of the methodology will allow: to improve electric drive dynamic
characteristics with an insignificant increase in energy consumption; to
increase reliability and reduce electric drive mass-size parameters.
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METHODOLOGY FOR DETERMINING THE PARAMETERS OF
TECHNICAL INFORMATION PROTECTION FOR A REAL
HACKING PROCESS

Ph.D. Zhurylenko B.
National Aviation University, Ukraine

Anomauin. B pezynomami O0ocniodcens 6yno, 3 00cumv GUCOKOIO MOYHICHIIO,
BUBHAYEHO HeBIOOMI napamempu MexHiYHo20 3axucmy iHgopmayii, maxi sK:
Koeghiyicnm eghexmugHocmi 3axucmy

Knrouosi cnosa: mexniunuii 3axucm ingpopmayii, peanvruil npoyec 31amy

Abstract. As a result of the research, the unknown parameters of technical
information protection were determined with fairly high accuracy, such as:
protection effectiveness coefficient

Keywords: technical protection of information, real hacking process

[Ilo6 orpumaTH BHpa3d MIS BH3HAYEHHSA IIApAMETPIB TEXHIYHOTO
3axucty indopmanii (T3I) 3 peanbHOro mpolecy 3namy, HEOOXiTHO MaTH
TIOBEPXHI JJIsl peajbHOro HampsiMy 3iamy (miHis 1), siKi MpeacTaBlieHi Ha
puc.l. ILli moBepxHi mNOOYZOBaHI y BINMOBINHICTE MJO MapaMeTpiB
mpoexToBanoi 131 Ta 3a popmynamu podot [1,2].

MatemaTtudHa Mopaenb WMOBipHOCTI (ismuHOro mpomecy 3namy T3I mae
BUIJISIA

P(m(m,t,n) = me (m,t)- Pm (t)-P(n). @

ne P (m,t) - #imoBipHicTb 3mamy T3I, sika 3a1€XKUTh BiJl IPOSKTOBAHHUX
8371

cnpob Ta iX yacy 37mamy i HampsiMy peabHOTO MPOIECY 3J1aMy; BKIaJEHOIO
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y 3axHCT (QiHAHCYBaHHS Ta HOro epeKTUBHOCTI; Pm (t) - WIMOBIpHICTB, 110

BIJNOBifa€ peaJbHOMY IIPOLECY 3JaMy 1 ONMCYEThCS PO3IOALIOM
ITyaccona; P(n)- HMOBIpHICTS, 10 TIOB'I3aHa 31 BraJlyBaHHsIM, HAPHKIaJ,

IU(pPOBOTO KOTY.
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Pucynox 1. I[losepxni po3nodinia: cipa — tiMOBIpHICIb NPoYecy 31aMy6aHHs
T31, wo 8i0bysaemucs, c8imaa — UMOGIPHICMb PeanbHO20 3NAMY 3AXUCTY

[pu 3mami T3I peanbHO KOHTPOIBFOBAHUMU TTapaMeTPaMU MOXYTh OyTH
cnpoba, TpH AKii cTaBcs 371aM, i 4ac miei crpobu 3mamy. BBakaemo, 1o
3J1aM TIPOXOAWTH TI0 JTiHii IEPEeTHHY Cipoi Ta CBITIIOl MOBEpXOHb (puc. 1), mpu
PIBHOCTI TEOPETHYHO MOXKIMBOrO (CBITJIA MOBEPXHS) i peanbHOro (cipa
TTOBEPXHSI) IIPOIIECIB 371aMy.

3 amamiza Bupasy (1) BumHO, IO s BH3HAYEHHS BCIX ITapamerpiB y
Bupa3si (1) HeoOXigHO MaTH, K MiHIMyM CHCTEMY PiBHSHB 3 4-X TOUOK, aiie
Yyepe3 TOB'SA3aHICTh BHUpa3iB it BkIaneHoro B T3 ¢inancyBanHsa Ta ii
e(pEeKTHBHOCTI OCTAaTHRO BHOpatu 3 Toukn. Bubupaemo 3 TOUKHM TO JiHii,
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OTPUMAEMO CHCTEMY 3 3-X piBHSHb. BH3HAYa€MO MOMIIHBICTH PEaTbHOIO
MPOLIECY 37IaMy JJIsl KOXKHOI TOYKH 38 (hOPMYJIOH0

P (mtn)=1/m. )

Jie M — crpoda, Koju cTaBcs peanbHuid 31am T31.

BukopucroBytoun Bupazu podoTH [1] s cucteMu piBHSHb, OTPUMAEMO
dopMynmH, 3a  JOMOMOrOK  SIKUX MO)XXHA BH3HAYMTH MapameTpH
BukopucroByBaHoi T3I mist nmopiBHsiHHS 3 npoekToBaHoto T3I. Ha mincrasi
TIOPIBHSHHS TapaMeTpiB MOXKHa 3pOOMTH BHCHOBOK MO e(EeKTUBHICTh Ta
HeoOXiHiCTh 3acTocyBaHHs Ti€l uM iHmoi T3L

B pesyabraTi JgocmipkeHb Oya0, 3 JIOCHTh BHCOKOK TOYHICTIO,
BU3HaueHo HeBimomi mapamerpu T3I, Taki sik: koediuieHT edeKTHBHOCTI
3axucty y — 0,054%; #MOBipHICTH 37aMy BiJl BKJIAAEGHOTO Yy 3aXHUCT
¢inancyBanns P(X) — 0,014%; cnpoba MakCHMManbHOTO 3HAUYEHHS
HMOBIPHOCTI 371aMy y HampsMKy Ipomecy 3iaamy, m ¢ — 0,043%; wgac
MaKCHUMAJBbHOTO 3HaUeHHS WMOBIPHOCTI 371aMy y HampsMKy HPOLECY 3/1amy,
t ¢ —0,049%; HaBeneHe BKiIageHe y 3axucT ¢inancyBanHst X — 0,06%.

HesicHuM 3aiuIaeThCs MUTaHHS, YOMY MMOBIPHICTh IM(POBOrO KOIY,
sika JIOpiBHIOBaJIa OAMHHMII (TOOTO KOAy He OYJO) Jana JNOCHUTh BEIHKHii
BiJICOTOK ITOMUJIKU HMOBIpHOCTI 31amy mopsinky P(n) - 9,12%.

3 iHIIOro OOKY, Il TOYHICTH ONMKYE JI0 OAMHHMIN, HIX IO HIMOBIpHOCTI
0,5 (44,98%), mpu BragyBaHHI HAHIPOCTIIIOr0 HU(POBOrO KOLY, IO
CKJIaIa€Thesl 3 IBOX OJHO3HAYHMX LU(pP. MOXKINBO, BIJCOTOK MOMMIKA
Oyle MEHIIUM IPH BHKOPHCTaHHI HMOBIPHOCTI KOIy Ha0arato MeEHIIOI
OIUHHLII.
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THE MODEL OF AGENT-ORIENTED EDUCATIONAL
PLATFORM

Dr.Sci. N. Axak, Ph.D. M. Kushnaryov, A. Tatarnykov
Harkiv National University of Radio Electronics, Ukraine

Anomauia. B pobomi nponomyemvcsi apximexmypa a2eHmHo-OpiCHMOSHOT
HABYANbLHOI NIaAM@POPMU, KA MOIACEe CHPUAMU NIOBUWEHHIO AKOCMI 0C8IMU 3a605KU
ABMOMAMU308AHIL AHANIMUYL MA AHATIZY NOGEOIHKU CIMYOEHMIS.

Kniouoei cnosa: mynomuazenmnu cucmemu, 8ipmyansHu cepedosuya

Abstract. The work proposes the architecture of an agent-oriented educational
platform that can contribute to the improvement of the quality of education thanks to
automated analytics and analysis of student behavior.

Keywords: multi-agent systems, virtual environments

BcebiuHe pO3MOBCIOKEHHS PO3MOAUICHUX OOYHCIeHb Ta I[HTepHer
peueit (Iot) mpu3Beno mo momupeHHs MynbTuareHTHHX cucreM (MAC) y
pi3HuX cdepax MisTIBHOCTI, BKIIOYAOYM OCBITY. JI0 OCHOBHHX JOCSATHEHb
MyJbTHATEHTHUX cHcTeM [1,2,3] B OCBiTI MOXHA BiTHECTH TaKe:

- aganTamis A0 TOTped KOXXKHOTO Y4YHS, HAJAlo4Ydl 1HAWBITyalbHY
miaTpuMKy Ta pekomengamii. MAC MOXXyTh BpaxOBYBaTH CTHJIb HAaBYAHHS,
piBEeHb 3HaHb, IHTEPECH Ta OCOOIMBOCTI KOXXHOTO YYHS, MO0 CTBOPUTH
ONTHMaJIbHI YMOBH ISl HABYAaHHS,

- CTBOPEHHs BIPTYaJbHHX CEPEHNOBHII, B SKUX Y4HI MOXYTh
crinkyBaTucs Ta criBnpamoBatd. MAC MOXyTh po3poOisaTH 3aBIaHHS, SKi
CTHMYITIOIOTH KOJIEKTHBHY p0oOOTY, PO3BUBAIOTH KOMYHIKATHBHI HABHYKHU Ta
CIPUSIOTH B3a€MOIONIOMO31 MiXK YIHSIMU,

- ZIONOMOTa B CTBOPEHHI BIpTyaJbHUX JTA00paTOpiil Ta cepemoBHII I
MOJICNIIOBaHHS ~ CKiIaaHux  mpomeciB. MAC  103BONAIOTE  yYHSIM
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eKCIIEpUMEHTYBATH, CIIOCTEpIraTH Ta aHalli3yBaTH pi3Hi CIeHapii, oo
CpUsE KpallOMy pO3YMIHHIO Marepiaqy Ta pPO3BHTKY MNPAKTHYHHX
HABUYOK;

- aBTOMATH3AIlisl TPOLIECy OIIHIOBAHHS 3HAHb YYHIB, BUKOPHCTOBYIOUH
MeToau WTy4Horo intenekty. MAC MOXyTh aHaJli3yBaTH BiAINOBi/I y4HIB,
BU3HAYATH X PiBEHb 3HAHb, ICHTH(DIKYBATH MPOTAIHMHU Ta MPOINOHYBATH
1HIMB1IyaJbHI pEKOMEHIAITIT JJIs MOJIIIICHHS Pe3y/IbTaTiB HABUAHHS,

- JlomoMora BUHTeNsIM y 6arathox acmekrax ix podortn. MAC MOXYTbh
3a0e3nedyBaTd TIEAArOriyHy TMiATPUMKY, HAJaBaTH PEKOMEHMAAIT st
BJIOCKOHAJICHHSI HABYAJBbHHUX TPOrpaM, CTEXHUTH 3a MPOrpecoM Y4HIiB Ta
HaJ[aBaTH aHATHKY 1010 €()EKTUBHOCTI HABYAHHSI.

]_Il JAOCATHEHHSI BKa3ylOTb Ha l'[OTeHLIiaJ'[ MYJIbTUAr€HTHUX CHCTEM Y
NOKpAIlIeHHI TPOIeCy HaBYaHHS Ta HaJaHHI IHAWBIAYaIbHOTO MiJAXOAY /0
y4HiB. BOHM MOXYTh CHIPHSATH IiJIBHUILIEHHIO SKOCTI OCBITH Ta PO3BHTKY
Y4HIB y OLIbII epEeKTUBHHUN CIOCiO. AJie BUKOPHUCTaHHS MYJIbTHAr€HTHUX
CHCTEM B OCBITI TAKOXK MOKE€ CTHKATHCS 3 PSIIOM IpOoOJIeM, 110 MOB’s13aHi 3i
CKJIJIHICTIO peaii3alii, iHTerpali€lo 3 iCHYIOUUMH CHCTEMaMHM, BHUCOKOIO
BapTICTIO po3po0OKH, IpodiieMaMu Oe3reku Ta KoHdineHuiiHocTi, Tomo. Lli
npobJieMH He € HenepeOOPHUMH, ayie X BapTO BPaxOBYBATH MPHU PO3POOLI
Ta BIPOB/KCHHI MYJIbTHATEHTHUX CHCTEM B OCBITHIO cepy.

B poboti npornoHyeThesi apXiTEKTypa areHTHO-OPiEHTOBHOI HaBYaJIbHOI
IaTOpMH, SIKA MOXKE CIPUSTH MiJBHIICHHIO SKOCTI OCBITH 3aBISKH
ABTOMATU30BaHIi aHAJITHUIII Ta aHAJTi3Y TOBEMIHKU CTYICHTIB.

ApxiTeKkTypa  3alpOIOHOBAaHOI  areHTHO-OPIEHTOBHOI  HaBYaJbHOI
IUIATQOPMHU, IO CKIANAETHCS 3 TAKUX KOMIIOHEHTIB: CUCTEMa YIPaBIIiHHS
HaBuaHHsAM Moodle, OararoarentHa cucrema (MAC), Be6 mnopran
YHIBEPCUTETY, XMapHE CXOBHIIE JaHuXx Amazon S3 Ta migcucrema
MOHITOPHHTY TOBEIiHKH CTyAeHTIB [4], HaBemeHa Ha puc. 1. Cucrema
KepyBaHHs oHnaiH-HaB4aHHAM Moodle LMS (Learning Management
System) [5] - me Bimkpure, Ge3komToBHE, BeG-OpiEHTOBaHE MpOrpaMHe
3a0e3NeyeH s, CTBOPEHE U1 MIATPUMKH HAaBYAJBHOTO TIPOLECY Ta
e(peKTHBHOTO YIPaBIiHHSA HABYAHHSIM OHJIAIH.

Le mnorykna i THydYka HaBYalpHa IUIaTGopMa, sKa IOMOMArae
CTBOPIOBATH IHTEPaKTHBHI, €(EKTHUBHI Ta NOCTYIHI HaBYANbHI KypCH IUIS
pi3HEX THMIB KoprcTyBadiB. Moodle n03Bossie CTBOPIOBATH OHIIAWH-KYPCH 3
PI3HOMaHITHUMH MaTepialaMi: TEKCTH, BilleO, aymio, 300pakeHHSA, BeO-
MTOCWJIaHHS, IHTEPaKTUBHI 3aBJaHHSA Ta OaraTo iHIIOTO.
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Pucynox 1. Apximexmypa azenmno-opieHmosanoi naguanvbhoi niamgopmu

MokHa CTBOPIOBATH 1 KepyBaTH KOPHCTYBauaMH 3 PI3HHUMH POJISIMH:
aJIMiHICTpaTOpH, BUKJIaJadvi, CTyAeHTH Ta iHmi. KokeH kopucTyBad mae
CBili ocoOucTuii OOJIKOBUI 3amuc 3 MOXJIMBICTIO —IMepcoHai3arii
HanaimTyBaHb. bararoarentHa cucreMa (MAC) cKIaIa€eThes 3 areHriB, sKi
BUKOHYIOTh Pi3Hi poii: areHT “Lecturer” ananizye akryajibHy iHpOpMAILio 3
LMS Moodle, Be6 mnopramy yniBpcuteta, Amazon S3 Ta monomarae
BHKIIaJauy MpUMMaTH pillleHHs B OCBITHROMY mporeci; arent ~Student”
aHaii3ye axryaipHy iH(popmanito 3 Bebd mopramy yHiBepcuteTy, Bin
JieKaHaTy Ta BUKJIAJadiB Ta JOIOMArae CTyAEHTY CBOEYAaCHO BHKOHYBATH
IHIMBIAya IbHUN IUIAH HABYAJIBHOI MATOTOBKM; areHT “Admin” BHKOHYyE
HeoOximHi aii i eekruBHol pobdoTu miardhopmu Moodle ta Beb mopramy
yHiBepcUTeTy; areHT “Rectorate” momomarae HamaBaTé iHGOPMAINIO IS
Beb moprainy yHiBepCcHTETY.

BeO mopran yHiBepcureTy 1e OGIIIHHMNA CaWT 3akiaay OCBITH.
[lincucTemMa MOHITOPHHTY TIOBENIHKM KOPHCTYBada 3a JIOIIOMOTOK BeO
KaMepH BiJICTeXY€E MPHUCYTHICTh CTYICHTIB Ha 3aHATTSIX (MOAYIH KOHTPOIb
BiJIBiTyBaHOCTi), a TaKOXX BUSBIAE (ambCH(]iKalliio IMa Yac MPOBEICHHS
MUICTAaHIIHHOTO  TecTyBaHHA abo icnuTy (MOAYIh  JIETEKTYBaHHSA
¢danpcudikarii). Amazon S3 (Simple Storage Service) 1e cepBic-cxoBuIe
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JaHUX, SIKUA NpU3HAYeHUH Juisi 30epiraHHs, oOpOOKH Ta PO3MOBCIOKEHHS
BEJIMKUX OOCATIB JaHMX 3 BUCOKOIO IIBUAKICTIO Ta HAIHHICTIO.
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HOCJIJIOBHE NIIKJIIOYEHHS OJJHOTUITHOI'O
CMYT'OBOI'O ®LILTPY JJISI NIABUILEHHS HOPSIAKOBOCTI
OBPOBKH CUT'HAJIY B IHOOPMAIIMHO-KEPYFOUIN
CUCTEMI

T. Cutaukos, Dr.Sci. B. Cutrnukos, Ph.D. O. Crpeasuos, Ph.D. II. Ctynens
Odessa Polytechnic National University, Vkpaina

Abstract. The paper is considered the problem of constructing system
components with the possibility of rearranging their characteristics depending on
the operating conditions. A new approach is proposed for calculating the parameters
of a new connection with a series connection of low-order components of the same
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type. The resulting ratio allows you to accurately calculate the frequencies of the n-
th connection of the same type components. In addition, such a connection allows
increasing the rate of rise and falling of the fronts of the amplitude frequency
characteristic and reducing the bandwidth by 3 times with eight connected filters of
the same type. Bandpass filters and notch filters are considered. Behavior of the
AFC for serial connection is described.

Keywords: industry 4.0-5.0, frequency-dependent components, serial connection,
amplitude frequency characteristic, bandpass filters.

Anomauia. Y pobomi posenanymo 3adauy no6yoogu KOMHOHEHMI8 cucmemu 3
MOdCIUGICMIO NepedyOosU iX XApaKmepucmuKk 3anedcHO 6i0 YMO8 eKCNIyamayii.
3anpononosano Hosuii nioxio 00 pO3PAXYHKY Napamempie HOB020 3'cOHAHMA 3
NOCHIO08HUM 3'€OHAHHAM OOHOMUNHUX KOMNOHEHMIE HU3bK020 NopaoKy. Ompumane
CNIBBIOHOWEHHA — 00380NAEC  MOYHO — PO3PAXY8AMU  HYACMOMU N-20  3'€OHAHHA
oonomunuux Komnouwenmig. Kpim moeco, maxe nioknoueHus 0038015€ 30LMblUUMU
wieuoxkicms ~ HapocmauHs I cnady — @Qpoumie  AMNAIMYOHO-Y4ACMOMHOT
Xapakmepucmuky i 3MeHwumy cmyey nponyckamusa 'y 3 pasu npu 80cemu
nioknoyenux oonomunuux @ginempax. Poszenadaomecs cmyeosi  ginompu  ma
no6edinKa aAMNIIMyOHO-4aCMOMHOT XapaKMepUucmuKy 01 maKozo 3 €OHaHMHA.

Kmiouosi  cnoea: indycmpis  4.0-5.0, uacmommno-3anexncHi  KOMNOHEHMU,
nocnioogme 3'cOnanis, amnaimyOHa YacmMOmMHA Xapakmepucmuxa, cmy206i ginompu.

To date, the general approach to building such systems is based on the
concept of Industry 4.0.Computerization and informatization of many
research processes and industrial production has led to the emergence of the
Industrial Internet of Things (Industrial Internet of Things, 1loT) [1]. To
create such systems, it is necessary to have filters in the sensor signal
processing channel that are capable of restructuring their characteristics by
software or hardware, depending on the operating conditions, operating
modes and the presence of interference to improve the efficiency of the
system as a whole. The digital channel for sensor signals processing in
mobile autonomous systems includes various filters. Basically, it is created
on low-order filters, because this is due to the low cost of calculating the
transfer function coefficients and the number of coefficients, the ease of
setting or rebuilding the filter, moderate power consumption and processing
time. To increase the order of signal processing, it is proposed to use a serial
connection of the same type of digital bandpass filters.

With a serial connection, the transfer functions are multiplied, and in the
case of devices of the same type, it is raised to a power. The purpose of the
work is to improve the order of signal processing in the information and
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control system due to the serial connection of the same type of digital filters,
which is reduce the bandwidth and increase the steepness of the amplitude
frequency characteristic (AFC). In addition, it is necessary to improve the
approach to calculating the cutoff frequencies(rpanuunsix gacrtor) of the
new connection.

With a series connection of the same type of bandpass filters, the AFC of
the new connection is compressed, as it were, while the cutoff frequencies
are shifted to the center frequency and the steepness of the AFC increases.
The square of the AFC of a first-order bandpass filter is described as

H2 () = (2a, sin( @))? (1)
AL—Db,)* +b? +2b @A+ b,)cos(ez) + 4b, cos® (=)

Usually, the level at which the cutoff frequency is determined is
c=L _0707.ie H(@,)=c,where @, — AFC cutoff at the level

V2
C. To determine the cutoff frequencies of the new AFC after connecting n
filters of the same type according to the main AFC, it is necessary to solve

[2]

2

2 N (2a,sin(@,,))* feZ _en (2
H (@)= (1—b,)? +b? + 2b, (1+b,) cos(z,,) + 4b, cos* (@) Ve —cr @

where @, — cutoff frequency at a new level % :

To simplify the representation of the result, introduce new notation
2 2

A=4bZCH +(@1—b,)?; B:_bl(l"’bz)cﬁ; ©)

C= (1—b2)\/(1—c§)[(4b2 —bf)c§ + (1—b2)2} 4

As a result, obtain the cutoff frequencies of the AFC with the n-th
connection of the same type of filters

30



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

B+C); @, :arccos(B_C) ®)

Serial connection of frequency-dependent components of low order of
the same type leads to exponentiation of the transfer function and AFC. This
leads to compression of the AFC with an increase in the steepness of the
AFC. The paper shows, using the example of a band-pass filter, that with
such a connection, the center frequency does not change. It remains in its
place, the cutoff frequencies (left and right) are shifted to the center. In
addition, a new approach is obtained for calculating the exact values of the
cutoff frequencies and bandwidth.

@, = arccos(
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Abstract: The method of constructing a generalized cryptographic hashing
method for integrity control and data recovery with the introduction of minimal
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redundancy is discusses. It is suggested to use a hash code system to control data
integrity. They are built according to rules similar to the rules for building linear
redundant codes. The method has the potential to be implemented in embedded
systems, in particular, in 10T systems.

Keywords: Data integrity control, data recovery, hash function, matrix crypto
transformations, redundant codes.

Anomauin: Pozenanymo memoo noOyoosu y3a2aibHeH020 KpunmozpapiuHo2o
Memooy Xeuwy8awHs O KOHMPOMO YiAicHOCmi ma GIOHOBNeHHA OaHuxX i3
BNPOBAONCEHHAM MIHIMAILHOT HAOMUWKOBOCME. [l KOHMPOAIO YINICHOCME OQHUX
NPONOHYEMbCS  BUKOPUCTNOBYBAMU  CUCMEMY  Xeuwi-Kodig. Bonu 6yoyromeca 3a
npasunamu, nOOIOHUMU 00 NPAGUI NOOYO08U TIHIUHUX HAOIUWKOBUX KOOI8. Memoo
Mae nomenyian ons peanizayii' y 66y0oganux cucmemax, 3okpema, @ cucmemax loT.

Knrouogi cnosa: konmpons yinicnocmi 0anux, 8i0OH0GIEHHSA OaHUX, Xeul-QyHKYIs,
MAmpudHi KpUNMonepemeopenHsi, HAOMUUKOBE KOOU.

The rapid development of embedded systems technologies demands
reliable methods for data integrity assurance that take into account the
limited resources of embedded systems. Among various methods, hash
function schemes are of significant interest. They are successfully applied in
tasks related to localizing faulty blocks; however, they are not without
drawbacks. The main one among them is the high redundancy when
verifying the integrity of small-sized message block sequences.

Considering the mentioned drawback of existing solutions, the search for
ways to reduce redundancy, introduced for a given level of data protection
in the presence of random errors and destructive influences from an attacker,
is relevant. Moreover, despite the widespread use of hash functions, they are
relatively under-researched. Practical proposals for their application mainly
focus on finding ways to enhance their cryptographic strength [1]. However,
proposals for the application of hash functions that would allow reducing the
introduced redundancy for a given level of data protection are very scarce.
The results obtained up to the current period allow for the substantiated
formulation of requirements for information protection means, including its
authenticity and integrity control. A proven means of managing the
authenticity of information transmission is error-resistant encoding [2].
Today, Hamming codes are considered a fundamental approach to building
error-resistant systems for encoding and decoding digital data. Existing
research and publications provide a sufficient foundation for generalizing
the concepts of error-resistant coding and hashing methods [3]. They
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confirm the fact that the theory of error-resistant coding, particularly
Hamming correction codes, has been adapted to address data integrity issues
in various application domains. The introduction of redundant information
into transmitted data, which can be altered during network transmission,
enables the detection and correction of errors at the receiver's end of the
information message. The mathematical theory of constructing redundant
(error-resistant) codes has made significant advancements. However, there
exists a substantial gap between the level of theoretical achievements in
error-resistant coding theory and the level of practical results derived from
applying this theory.

We have proposed a method of cryptographic hashing based on
Hamming codes for information protection and recovery. Using the
mathematical framework of vector system theory, we have developed an
algorithm for constructing linear hash codes to ensure data integrity in
information systems. The construction rules of hash codes are influenced by
the specified (or necessary) level of information resource protection. The
redundancy of the control information depends on the need for error-
correcting properties. The construction rules of linear hash code systems are
analogous to the rules for constructing Hamming codes. Thus, a well-
developed theory of linear redundant codes can be applied in the new area of
constructing linear hash code systems.The main advantage of the proposed
method is the ability to control information integrity and correct defects for
a given level of protection with minimal redundancy and the capability to
localize integrity violations and correct a specified number of errors. The
developed linear hash codes, constructed by analogy to Hamming codes,
allow for error correction in message blocks. However, the number of errors
that can be corrected (the code's error-correcting capability) depends on the
size of the redundant code (control blocks of information).

Therefore, it's essential to rationally select the necessary redundant code
to ensure the required information reliability while not burdening
communication channels with excessive redundant data. In other words, the
goal is to achieve data integrity with minimal redundant code.

The proposed solutions can be applied both in traditional information
systems and in the implementation of intelligent systems with hybrid
human-machine intelligence.

An example of this is the contemporary concept of creating production
systems (such as Industry 4.0, Industry 5.0), which focus on utilizing
artificial intelligence as a secure, reliable, and responsible component within
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a unified human-machine functional and communication space. The
intellectualization of human-machine interaction, the cooperative nature of
intelligent agent activities, and their interaction in an open functional space
undoubtedly emphasize the issues of efficiency, security, and predictability
of such systems. The urgency of these problems, directly related to the state
of communication, is likely to intensify as these technologies transition from
being unique and experimental projects to becoming widespread utilitarian
applications. Since a common solution for creating modules of cooperative
systems of this kind involves their replication on an embedded systems
platform, the presence of constrained devices and battery life limitations will
directly affect the operation of security subsystems.

Therefore, the security problem in such systems needs to be addressed
comprehensively.

Methods and algorithms that are not only aligned with the main
functional capabilities but also resource-efficient for the technical platform
are of high priority. In general, the practical implementation of relevant
software tools should contribute to enhancing trust among communication
process participants by enabling the identification and recovery of damaged
message fragments in the information stream. Considering these aspects, the
proposed method of ensuring message integrity aligns with the general
requirements for such means.

The obtained results provide a scientific and engineering toolkit for
controlling and ensuring data integrity, with the ability to verify their
authenticity after recovery in case of integrity violations. They also provide
the necessary conditions for creating advanced and improving existing data
storage systems.
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INFORMATION TECHNOLOGY FOR IDENTIFYING THE MODEL
OF MECHATRONIC OBJECT DYNAMICS

Ph.D. V. Zozulya
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Anomauin: memor Oanoi pobomu € pospobra 3pyunoi ingpopmayiinor
mexnonoeii ioenmu@ixayii mooeni OuHamiKu 6a2amogumipHo20 pyxomo2o ob'ekma,
MexamponHozo muny ma 30ypens, wo 0ilonb Ha Hb020 Ni0 4aAc QYHKYIOHY8anHsl, 3d
OaHUMU BEKMOPIE CUSHANIE KEPYBAHHS MA CUSHANIE HA 8UX00I 00 €KMY, Hanpasienoi
Ha niosUWeHHs HAOIUHOCII OMPUMAHHS Pe3YIbIMAMIE 0OUUCTEHHS.

Kniwouosi cnosa: nnamgopmu Cmioapma, mooens ouHamiku 6a2amogumipHo2o
pyxomozo 00'ekma

Abstract: the purpose of this work is to develop a convenient information
technology for identifying the dynamics model of a multidimensional moving object,
mechatronic type, and the disturbances acting on it during operation, based on the
data of control signal vectors and object output signals, aimed at increasing the
reliability of obtaining calculation results.

Keywords: stewart platforms, model of dynamics of a multidimensional moving
object

OcoOnuBuii iHTEpec, B SAKOCTI 00’€kTa imeHTUdIKAlii, MpeICTaBIse
MIPOCTOPOBI MEXaHI3MHU TapajeNbHOl KIHEMaTHYHOI CTPYKTYpH Ha OCHOBI
wiatgopmu CTr0apTa, SIKa Ma€ MICTh OJJHOTUITHUX KIHEMATUYHHX JIAHIIFOTiB
(mrrasr) [1]. IlporpamMHO perymiol0YM JOBXKHHY INTaHT IDIaT(GopMu
Crroapta, MOXKHa KePYBATH IMOJIOKEHHSIM BUXiTHOI JIAaHKH, TIEPEMIIaTH i1 B
BEPTHKAJIILHOMY 1 TOPH3OHTaJbHOMY HalpsMKax, IOBEpTaTH B TPbOX
miomuHax. llpoBeneHWit aHami3 BUAIB 3aBlIaHb, SKi BHUPIIIYIOTHCS
MexaHi3MaMu Ha ocHOBi Tuiatgpopmu Crroapta [2] 1maB MOXKIHUBICTH
krmacuikyBaTH #WOro sk OaraTtocTyleHeBHiA, OaraTOKOMIIOHCHTHHH 1
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0araTto3B's3HAX MEXaTPOHMH O0O0'€KT, IO Ji€ B PEeXHMI HPOrPaMHOTO

KepyBaHHS.
OOrpyHTOBaHMii B poOOTI [3] anropuT™M IO3BOJISE 3aIlPOIOHYBATH
iHpopMaIiiHy TEXHOJIOTII0 imeHTUdIKaI1 MoJIeni JTUHAMIKH

OaraToBUMipHOrO0 pyxomoro o0'ekra. Jlms cTBOpeHHS iH(pOpMAIiHHOI
TexHOOri1 ineHTu(ikanii BUKOPUCTAaHO NMpuUKiIaaHe cepenosuine Stateflow
Matlab, sxa mokasama BHCOKY e(EKTHBHICTH TpPH BHPINICHHI 3ama4
MPOSKTYBaHHS 0araTOBUMIpHHX CHCTEM aBTOMATHYHOTO KepyBaHHSI.
Stateflow € iHTepakTUBHMM IHCTPYMEHTOM pO3pOOKM B  oOiacti
MOJICIIIOBAHHS ~ CKIaJHHX,  KEPOBAaHMX  TOMISIMH  CHCTEM, IO
XapaKTepU3yIThCs CKIIAIHOIO MoBeiHKor. [Iporpamumii 3aci6 Stateflow e
posmupennasm cucremu Matlab Simulink Ta 3a6esmeuye MOXIHBICTH
(hopMyBaHHs KiHIIEBUX aBTOMATiB IIUISIXOM MOOY/I0BU 1€papXidyHUX MoJesen
y BUIJISAI MiZICUCTEM.

B cucremi Stateflow crtBopena BimmoBigHa miarpama MOTOKIB, IO
peanidye iHTEpakTHBHWH Tmpouec iAeHTU]ikamii Moneni AWHAMIKK
miarpopmu Crroapta (puc. 1). Bmox Rachet B Stateflow sxmoueno B
mozens cucremu Simulink. BiaMinHOI prcoro iH(pOpMaIIiitHOT TEXHOMOTIT
BUKOHAHHSI eTamiB ifeHTu¢ikaii Mozeni JIMHAMIKH 0araToBUMIpHOTO
pyxoMoro o0'€KTa € TMiJBHIIEHAa TOYHICTh Ta HAMIAHICTP BHKOHAHHS
00YHCIIeHb, SIKI JIOCSATHYTI 32 PaxyHOK BIPOB/KCHHS HOBOTO MiJIXOAY 0
npotieciB (akropusanii nomiHomianeHux Matpuib (¢yHkuist FCWN (puc.
1)) Ta OOYUCIIOBAIBLHOTO AITOPUTMY, MOOYJIOBAHOTO Ha HOr0 OCHOBI,
YIOCKOHAJICHHS aJITOPUTMIB MHOXXECHHSI OJIHOMIaIbHUX MaTPHUIb (PyHKIIis
Mulmtf (puc. 1)) 3 cucremu pospaxynkis Stateflow Matlab st smenmerns
BTPAaTH BIpHUX 3HAYYLIMX HU(P 32 PAXYHOK BIAMOBIIHOTO BIOPSIKYBAHHS 1
pamKHUpYBaHHS eleMeHTapHuX orepanziB (¢ynkmis Stabsep (puc. 1)),
MHOEHHSI Ipo0OBO-parioHasTbHUX MaTpuIth (Gyukmis Mulmtf (puc. 1)) mis
3MEHIICHHS 3POCTaHHS MOPSIKIB PE3yNbTaTiB Ha OCHOBI BHKOPHCTAHHS
orepariii BUAaJICHHS BIAMIOBIIHUX IOJIOCIB TPaBOPYY Ta JiBOPYY (PyHKIIT
DPRT Tta DPLF (pwuc. 1)) Ta BBOAY BiIIOBiTHIX HYIIIB IPABOPYY Ta JIBOPYH
(pynkuii VNZRT ta VNZLF (puc. 1)).

Jns miATBepKEHHs Tpaine3faTHoCcTi iH(opMaliiiHoi TexHoJorii Ta
ANITOPUTMIYHOTO 3a0€3MEUYCHHS MPOrPaMHOI0 KOMIUIEKCY OYyIIO BHKOHAaHE
MOJICITIOBAHHS ISl OMIHKH TOYHOCTI [OeHmupixayii MOIeNi JIWHAMIKA
mwratrpopmu  Crroapta, sKe 3IIHCHEHO 3a JOIOMOTOI I1HCTPYMEHTY
mozemoBanas SIMULINK cepemosumia Matlab 2014a.
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Abstract. The article examines the development of underwater space in the
interests of maritime freight transport as such, which increases the carrying capacity
of existing sea transport routes, increases energy efficiency and reduces the risks of
freight transport, provided there is no negative impact on the movement of the
vehicle by wind, surface waves and drift currents. In the future, hybrid data
exchange systems will be created under water, based on the physical principles of
data transmission by radio, laser, hydroacoustic communication.

Keywords: underwater space, underwater vehicles, hydroacoustics, cargo
transportation.

Anomayin. Y cmammi po3enidacmvcs OC0EHHA NIOBOOHO20 NPOCMOPY 6
iHmepecax MOPCbKO20 6AHMANCHO20 MPAHCNOPMY AK MAK020, WO NiO8Uye
NPONYCKHY CHPOMONCHICMb ICHYIOYUX MOPCLKUX MPAHCHOPMHUX WIAXIG, NIOSULYE
eHepeoepheKMUBHICIb Ma 3HUNCYE PUSUKU BAHMANICHO20 MPAHCROPMY 34 YMOBU
8I0CYMHOCII HE2AMUBHO20 BNAUSY HA DYX 6IMPOM, NOBEPXHEBUMU XGUTAMU MA
Opetiposumu meuisimu. YV nepcnekmugi nio 600oio Oydyme cmeopeHi 2iOpudHi
cucmemu 0OMIHY OaHUMU, 3ACHOSAHI HA (I3UYHUX NPUHYUNAX nepedayi OaHux 3a
00noM0o2010 padio-, 1A3epHO20, 2iOPOAKYCIMUYHO20 38 '3K).

Knouosi cnosa:  niosoonuii kocmoc, nio8ooui anapamu, 2iOpoaxycmukd,
BAHMANCONEPEBE3ECHHS.

The doctrine of transportation by sea transport is to reduce the cost price.
Conceptually, the specified doctrine is ensured by savings on the
construction and engineering maintenance of highways and railways. Sea
routes do not exclude land area from use. An additional resource of sea
transport is the ability to transport cargoes that are extremely large in
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volume and weight. The advantage of sea transport is the absence of
settlements along the shipping routes, which allows for the safe
transportation of explosive, chemically aggressive and radioactive cargoes
for the population. The use of the transport resource of the sea underwater
space logically fits into the concept of the implementation of the world
maritime transport doctrine. Movement under water does not depend on
weather conditions, therefore it is safer and has less energy consumption.
The creation of an extensive network of cargo transportation in the
underwater space, as an alternative to conventional shipping, will first of all
be implemented by ensuring traffic in certain directions, that is, along
underwater shipping lanes. In the open ocean, that is, at depths of more than
200 meters, traffic can be additionally organized along appropriate
corridors, that is, in different directions in a certain range of depths. Thus,
the analogue of the 3D cargo transportation system in the underwater space
is the aircraft transport system. The world's maritime transport network has
witnessed a significant rise in ship traffic density, resulting in heightened
congestion and potential safety hazards. This phenomenon is especially
pronounced on water surfaces, where a dense network of vessels vies for
space, posing challenges for efficient and secure cargo transportation.

The escalation of ship traffic density on global waterways is a well-
documented consequence of increased international trade and maritime
activities. Studies such as those conducted by the International Maritime
Organization (IMO) and the World Maritime University have indicated a
substantial surge in vessel movements, leading to congestion in key shipping
routes. This congestion not only reduces the maneuverability of ships but
also raises concerns about collision risks, navigational complexities, and
delays in cargo delivery. As ship traffic continues to grow, particularly in
strategic maritime corridors such as the Suez Canal, Panama Canal, and
other major straits, it becomes imperative to explore alternative
transportation routes. One promising avenue is the exploration of
underwater cargo transportation using unmanned vehicles, which could offer
a solution to the challenges posed by surface ship congestion. Conventional
cargo transportation on water surfaces is susceptible to the unpredictable
forces of meteorological conditions such as cyclones, strong winds, and high
wave heights. This juxtaposition of adverse weather patterns with dense ship
traffic increases the vulnerability of cargo shipments, highlighting the need
for alternative transportation methods. Meteorological conditions play a
pivotal role in shaping the safety and efficiency of maritime transportation.
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Studies conducted by the National Oceanic and Atmospheric Administration
(NOAA) [1] and the Intergovernmental Panel on Climate Change (IPCC)
[2] have underscored the escalating intensity and frequency of extreme
weather events, including cyclones, hurricanes, and intense wind patterns, in
key shipping regions. The interaction of these meteorological phenomena
with densely populated shipping routes can lead to disruptions, delays, and
even catastrophic accidents. High wave heights, driven by powerful winds,
further amplify these challenges, endangering cargo integrity and crew
safety. The concept of underwater cargo transportation through unmanned
vehicles offers a promising avenue to mitigate these risks. By operating
beneath the water's surface, these vehicles can potentially evade the impact
of surface-level meteorological conditions. This could lead to enhanced
safety, reduced cargo wvulnerability, and improved delivery reliability
compared to traditional shipping methods. While underwater cargo
transportation offers significant advantages, it also presents a set of complex
challenges that must be addressed. These challenges encompass safe
navigation, effective vehicle control, communication in deep waters, and
reliable positioning. Drawing on a hybrid of existing naval technologies, a
comprehensive solution emerges that leverages optical fiber links,
hydroacoustic communication, laser-based communication, inertial
positioning methods, satellite-based control, and underwater automatic
identification systems. Safe underwater navigation remains a paramount
concern due to the intricate nature of underwater environments. Addressing
this concern necessitates the integration of advanced technologies. The
Tactical Underwater Network Architecture (TUNA), developed by the
Defense Advanced Research Projects Agency (DARPA) [3], proposes an
optical fiber link that enables reliable underwater communication and
navigation. Hydroacoustic underwater wireless communication offers
another avenue for robust communication in deep waters. Research by
Hughes and Lee [4] explores the potential of hydroacoustic modems for
reliable and high-capacity data transfer underwater. Short-distance
underwater communication benefits from laser-based methods. The work by
Geng et al. [5] introduces the concept of underwater laser communication,
enabling high-speed data transmission over short ranges. Satellite-based
control systems have demonstrated feasibility in experiments such as the
Seaweb 2005 project, allowing for direct and remote control of underwater
vehicles. Furthermore, underwater automatic identification systems (AIS)
could enable operators to track, identify, and monitor the positions of
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vehicles underwater. By combining these diverse technologies, a
comprehensive framework emerges for overcoming the challenges
associated with underwater cargo transportation, ensuring safe and efficient
operations.
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Abstract. Diabetes is a chronic disease due to a malfunction of the pancreas,
which leads to high concentration of blood sugar in the blood, and can affect the
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functioning of the body system. We need to develop a system capable of effectively
diagnosing diabetic patients using medical details. This work is a continuation of
our previous contribution for diabetes prediction; we will use a swarm intelligence
algorithm to extract best features for training the Random Forest model. Results
showed that the combination of these models provides better accuracy.

Keywords: RF-PSO model, system architectureKeywords: RF-PSO model,
system architecture

Anomauia. [lykposuii Oiabem € XPOHIYHUM 3AXGOPIOBAHHAM, CHPUHUHEHUM
nopywienuam pobomu  RIOULIYHKOBOI  3an03U, WO NPU3eo0uUms 00 BUCOKOL
KOHYeHmpayii yykpy 6 Kpoei ma Mooice NAUHYMU HA (QYHKYIOHYBAHHS Cucmemu
opeanizmy. Ham  nompibno  pospobumu  cucmemy, 30amny — epeKmugHo
Oiaenocmysamu xeopux Ha diabem 3a 00NOmMo2ol0 MeduyHux oanux. Lla poboma €
NPOO0BICEHHAM HAUIO2O NONEPEOHbO20 BHECKY WO000 NPOSHO3V8aHHs Olabemy, Mu
6y0emMo  BUKOPUCIOBY8AmMU  AN2OPUMM  POL0BO20 IHMENEKmYy, wob ompumamu
Haukpawi Gyuxyii ons nasuanns mooeni Random Forest. Pesynvmamu nokasanu,
W0 NOEOHANHSL YuX Mooenell 3abe3neywye Kpaugy moYHicmo.

Knrouogi cnosa: mooenv RF-PSO, apximexmypa cucmemu

Diabetes is a widely chronic malady that occurs when the pancreas does
not produce enough insulin, or when the body cannot effectively use it has
produced insulin [1].

Researchers have built various systems to reduce the risk of infection by
enabling early detection and a better understanding the factors that
significantly regulate it.

All these works differ in precision and accuracy.

The present study, which is a continuation of our previous contribution
[2], propose a novel approach using the PSO (Particle Swarm Optimization)
algorithm and RF classifier for diabetes prediction (RF-PSO).RF [3] is an
ensemble learning method that combines multiple decision trees to make
predictions.

PSO [4] is a metaheuristic optimization algorithm inspired by the social
behavior of bird flocking or fish schooling for feature selection.

The aim of our research is to predict in the future whether a healthy
person will become diabetic or not, based on data concerning the person and
his/her personal information and history.

The Figure 1 depicted the overall architecture of the proposal, called RF-
PSO, which involves four main steps:

The first step concerns the data collection.

The second step involves various phases for data processing.
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The third step includes the selection of the best features for the RF
algorithm; this step is performed using PSO.
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Figure 1. System architecture

Finally, the last step concerns the prediction process using the RF algorithm.

To evaluate and validate the proposed approach, we implemented a
software tool in python. Machine learning metrics are used to evaluate the
performance and effectiveness of RF-PSO model [5]. The combination of
RF and PSO gives highest accuracy of 90% with a 10% increase regarding
RF model. We conclude that by using PSO for feature selection, we obtain
an improved accuracy. In this paper, we have explored and analyzed the
main related works for diabetes diagnosis and we have proposed a hybrid
model based on RF and PSO. This model revealed a highest accuracy. In our
future work, we plan to examine other swarm intelligence optimization
algorithms such as Elephant Herding Optimization (EHO) and Grey Wolf
Optimization (GWO) to achieve a better accuracy.
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Abstract. The proposed system has the two-level structure (with tactical and

executive levels of automatic control) and is based on the principles of artificial
intelligence that provide flexible automatic control of the adhesion force depending
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on the various modes of movement of the platform and the performance of various
technological operations, as well as on many other factors.

Keywords: mobile robotics, automatic control, universal mobile robotic
platforms

Anomayin. 3anpononosana cucmema mae 0eopienesy cmpykmypy (3
MAKMUYHUM | GUKOHABYUM DIGHAMU ABMOMAMUYHO20 KEPYBAHHS) I OA3YEMbCS HA
NPUHYUNAX WIMYYHO20 THMENeKMY, o 3a0e3neyye eHyuKe agmomMamuyne KepyeanHs
CUNIOI0  3YENNIeHHS. 3ANEeXCHO 6I0 DISHUX pedcumie pyxy niamegopmu ma
NPOOYKMUBHOCTI.  DISHOMAHIMHUX — MEXHONO02IYHUX —onepayiil, a maxkodxic 8i0
b6azamvox iHwux axmopie.

Kntouoei cnoea: mobinbna pobomomexuixa, asmomamuune Kepy8aHHs,
VHIBepcanvHi MOOIIbLHI po6OMuU308ani namgopmu

This study is devoted to modern aspects of mobile robotics, namely to
the universal mobile robotic platforms (UMRP) that can be used in various
technological environments and conditions to perform different technical
tasks at industrial facilities and enterprises.

The given platforms are capable of moving on horizontal surfaces with
complex terrain as well as climbing vertically on sheer walls and ceilings
and are the universal autonomous means of carrying out complex operations
in hard-to-reach and dangerous places for humans [1].

One of the biggest challenges in operating these robotic platforms is
proper adhesion control when moving on inclined planes [2, 3]. In this
paper, the authors performed the design and study of the intelligent adhesion
control system that provides efficient and reliable fastening and movement
of the platform on inclined surfaces of various types. This system is based
on fuzzy control principles that allows determining the necessary adhesion
force of the robotic platform for its safe and efficient use at various angles
of the surface inclination [4, 5].

Moreover, the proposed system has the two-level structure (with tactical
and executive levels of automatic control) and is based on the principles of
artificial intelligence that provide flexible automatic control of the adhesion
force depending on the various modes of movement of the platform and the
performance of various technological operations, as well as on many other
factors. In particular, the tactical-level subsystem is designed on the basis of
fuzzy logic and allows determining the necessary adhesion force of the
UMRP to the working surface taking into account the current values of the
angle of inclination of the surface, the coefficient of friction and the traction
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force of the propulsion devices. In turn, the designed fuzzy subsystem is
implemented on the basis of Mamdani-type inference engine and has 54
production rules in the rule base compiled on the basis of expert knowledge.

This gives the opportunity to ensure the most efficient use of the
adhesion device with energy saving that provides reliable holding and
movement of the platform on the working surface with different inclinations
and characteristics in the process of performing various technological
operations.

The high efficiency of the developed fuzzy subsystem of the tactical
level is confirmed by the simulation results obtained in the form of
characteristic surfaces for various conditions.

Moreover, the additional advantage of this system is that it can be
successfully applied to determine the adhesion force for various types of the
adhesion devices (propeller, vacuum, magnetic, electromagnetic, and
others).

Further research should be carried out towards the development of the
executive-level intelligent subsystem of the UMRP based on the neural
network controller for providing high accuracy and speed of the adhesion
force stabilization and automatic control when performing various
technological operations.
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Anomauia. B pobomi 3anpononosanuii cmeeanoaHaniMuyHull Memoo 0.
susiBNeHHsl pe3yibmamis 80y008u 000amKogoi ingopmayii 6 yugposomy eideo
OOHUM 3 HAUNOWUPEHIWUX HA CbO2OOHIWHIL OeHb CMe2aHopa@iunux Memooie —
LSB-memooom

Knwouosi cnosa: cmeeanoepagis, 3axucm inghopmayii

Abstract. The work proposes a steganoanalytic method for detecting the results
of embedding additional information in a digital video using one of the most
common steganographic methods today - the LSB method

Keywords: steganography, information protection

Creranorpagiss B JaHWH MOMEHT 3aJIMIIAE€THCA ONHIM 3 OCHOBHHUX
HAIPSIMKIB 3aXHUCTY iHpOpMAITii.

Po3BUTOK IBOTO HANPSIMKY BiOYBA€THCS IIBHAKO W ePEKTHBHO. AJe
HEOOXIJHICTP YHUKHEHHS HETaTUBHHUX HACIIIKIB MPHXOBAHOI KOMYHIKaIlii,
METOIO SIKOi € TPOTHIPABHI [ii, MPUBOIUTH A0 MiABUIICHHAS aKTyaJIbHOCTI
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CTEraHOaHaJi3y, OCHOBHOIO 3aJauel0 SKOr0 € BHSBJICHHS HasBHOCTI
JIOIATKOBOI iHpopMarii B TOMY 4H iHIIOMY iH(QOpMAaLiHHOMY KOHTEHTI.

[lepeBara mpu opranizamii TPUXOBAHOTO KaHaJy 3B'S3Ky ChHOTOIHI
BimmaeTscst mudposomy Bineo (LIB): mo-mepime, Bimeo-Tpadik chOromHi
CTaHOBUTH OCHOBHY YacTHHY BCHOTO CIIOKMBYOr'O iHTEpHET-Tpadika, mo-
Jpyre, came BiJIeO Ja€ MOXJIMBICTh 3a0€3MEYUTH BUCOKY IIPOIYCKHY
CIIPOMOXKHICTh TIPUXOBAHOT0 KaHAITy 3B'A3KY, 30KpEMa, Y PEXKUMI peabHOro
yacy [1], mo-TpeTe, cydacHUi cTeraHoaHai3 BiJeo BiJCcTa€e BiJ HEOOX1THOTO
PiBHS y CHIly CKJIQJHOCTI 3a/adi, MO PO3MIISJacThcs, 30KpeMa B yMOBax
MaJioi IpoIyCKHOI cripoMokHOCTI puxoBaHoro kanaiy (ITCIIK) [1].

B pobGori 3ampornoHoBaHWi HOBUW €(EKTHBHHIA CTEraHOAHATITHIHUN
METOJ| JUIs BUSIBJICHHSI pe3yJbTaTiB BOYIOBH JoiaTKoBOi iHpopMmanii B 1B
OHMM 3 HAaWMOIIMPEHIIINX Ha CHOTOAHILIHIK AeHb creraHorpadivyHux
merofiB — LSB-meronoMm [2]. OcHOBOI0O po3po0IIEHOr0 METOAY € UyTIUBICTh
70 30ypHHX [iii BCTAaHOBJIECHOI aBTOpPaMH paHille BJIACTUBOCTI JiHIHHOCTI
YacTOCTI CHUHTYJISIDHUX BEKTOPIB MaTpullb KajpiB opuriHaisHoro LB, nme

4acTicTh 7] CUHryJspHOro Bexropy U, i=1n, nxn-varpuni F xanpy

BHU3HAYAETHCS HACTYITHUM YHHOM [3]:

B %, SIKWO 1) — napHe
7= n+1
0 AKWO 1) — HenapHe
e 7] - KiIbKiCTh 3MiH 3HaKa KoopauHat U, i=1n.

Y xomi po3poOKku MeTomy Oyiu BCTaHOBIIECHI KUIBKICHI BiAMIHHOCTI
XapaKTepUCTUK (YHKIIT 3aJIeKHOCTI YaCTOCTI CHHTYJISPHOTO BEKTOpPY
Matputli kaapy LB Bim #oro HOMepa fI’(I ), 1=1N, nna opurinansHux

KOHTEHTIB 1 CTETaHOIIOBiJOMJIEHB, OTPIMAaHKX 3a JormoMoror LSB-Merona
3 BukopuctaHHsM pizHOi [ICIIK. VY sKOCTI TakmX XapaKTEepHUCTHK Yy
pe3yabpTaTi OOTPYHTOBAHOTO BUOOPY BUCTYIHIIM: CEpelHE 3HAUECHHS 110 BCiX

kampax [[B makcmmanbHOTO BimXwiieHHS (yHKIIT fr(i) Bix i siHiNHOI

ampoKCcHUMAIlii, 8 TAKOXX MOJa TiICTOrpaMy MaKCHMAJIBHUX BIIXHIICHb fl’(l)
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BiJl JIHIHHOI ampokcuMarlii, OTpUMAaHUX JJIS KOXKHOTO KaJapy IU(PPOBOrO
BiZI€O.

YcTaHOBIIEHI KiUTBKICHI BiJMIHHOCTI JTAJIM MOXKIIHBICTB JJISI PO3POOKH
ITOPUTMIYHOI peajizalii 3alpOrOHOBAHOTO METONY, €(PEeKTHBHICTD SKOi Y
Bunaaky wmamoi IICIIK (<0.25 Oit/mikcens) mnepeBuinye eheKTHBHICTh
HaMKpalmoro cy4acHoro aHasuora [4], BU3HaueHy 3a JOIIOMOTOI0 MapamMerpa
ACC — TOYHOCTI BUSIBIIEHHS TIOPYIIEHHS LiTiCHOCTI [5]:

ACC =(TP+TN)/(TP+FN +TN + FP),

ne TP (True Positive) — KiJibKiCTh BipHO BHSBJIEHHX CTEraHOIOBIIOMIICHD;
TN (True Negative) — kinmbKicTh BipHO BusiBIeHHX KoHTelHepiB; FP (False
Positive) — KiNbKiCTh KOHTEHHEpiB, M0 MOMUIKOBO BH3HAYCHI SIK
creranomnoBigomienns (momunku 11 pomy); FN (False Negative) —
KUTBKICTh HEBHSBJIICHHX CTETaHOMOBBIIOMIICHD (MOMUIKH | pomy), mpu
[bOMY MakcuMmaibHe mifgBumieHHs Bimnosimae TICITK=0.1 O6it/mikcens B
yMOBax, Konu BOynoBa fonatkoBoi iH(popmanii BinOyBaeTbes B 40% kanpis
B, i cxmagae Oimpme 11%, 10 [amo0 MOMKIHBICTH — IiABHINUTH
edekTuBHICTh cTeranoanaiizy LIB y minomy.

Jliteparypa

[1] M. Bouzegza, A. Belatreche, A. Bouridane, M. Tounsi, A comprehensive review
of video steganalysis, IET Image Process. 16 (2022) 3407-3425.
doi:10.1049/ipr2.12573

[2] M. Fateh, M. Rezvani, Y. Irani, A New Method of Coding for Steganography
Based on LSB Matching Revisited, Security and Communication Networks 2021
(2021). doi:10.1155/2021/6610678

[3] A.A. Kobozeva, A.V. Sokolov, The Sufficient Condition for Ensuring the
Reliability of Perception of the Steganographic Message in the Walsh-Hadamard
Transform Domain, Problemele Energeticii Regionale 2 (2022) 84-100.
doi:10.52254/1857-0070.2022.2-54.08

[4] K. Wu, Research of Video Steganalysis Algorithm Based on H265 Protocol, in:
MATEC Web of Conferences 25, 03003 (2015).
doi:10.1051/matecconf/20152503003

[5] S. Geetha, S. Sindhu, N. Kamaraj, Close Color Pair Signature ensemble Adaptive
Threshold based Steganalsis for LSB Embedding in Digital Images, Trans. Data
Privacy 1 (2009) 140-161.

49



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

YJIK 004.519

CTBOPEHHSI EJIEKTPOHHOI MAKETHOI IIVIATH JIJISI
MNPOTPAMYBAHHS MIKPOKOHTPOJIEPA ATMEL ATMEGAS 1
INEPEBIPKM POBOTH TPOI'PAM
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CREATION OF AN ELECTRONIC MOCK BOARD FOR
PROGRAMMING THE ATMEL ATMEGA8 MICROCONTROLLER
AND CHECKING THE OPERATION OF THE PROGRAMS

Ph.D. S. Zahorodniuk, Ph.D. B. Sus, Ph.D. O. Bauzha, V. Malyarenko
Kyiv National University named after Taras Shevchenko, Ukraine

Anomauia. B cmammi onucano emanu po3pobku ma u20moeieHHs MaKemHoi
MakemHol nnamu Ons  npozpamyeannsi Mmikpoxoumponepa Atmel AtMega8 i
nepesipku pobomu npozpam MaKemuoi niamu.

Kniwouosi cnosa: mikpokonmponep, cucmemHe NnepepueamHs, — maimep,
cemucezmMeHmuuil iIHOuKamop

Abstract. The article describes the stages of development and production of a
mock-up breadboard for programming the Atmel AtMega8 microcontroller and
checking the operation of breadboard programs.

Keywords: microcontroller, system interrupt, timer, seven-segment indicator

Beryn. Kopmopamis Atmel (CIHIA) mobpe Bimoma Ha MiXKHAPOTHOMY
PUHKY €JIeKTPOHHUX KOMITOHEHTIB 1 € OJJHUM 13 BU3HAHMX CBITOBHX JiIepiB
y po3po01i Ta BUPOOHUIITBI CKJIAAHUX BHPOOIB Cy4acHOI MiKPOEIEKTPOHIKH
— TPUCTPOIB EHEPrOHE3aJe)KHOI IaM ATI BHCOKOI IIBHUAKOHII Ta
MiHIMAIBHOTO ~ TUTOMOTO  €HEpPTrOCIIOKHUBAaHHS, MIKPOKOHTPOJIEPiB
3araJbHOTO MPU3HAYEHHS Ta MIKPOCXEM IPOrpaMoBaHoi JOTik [ 1].

Mikpokortponepu AVR — onnH i3 HalIiKaBIiINX HAIPSAMIB, PO3BUTKY
SIKOTO TIPUIIIsE BenMKy yBary kopmopartiss Atmel [1,2]. IIi mikpocxemu €
NOTY)KHHM  {HCTPYMEHTOM JJIsl CTBOPEHHS BHCOKOIPOAYKTHBHUX Ta
€KOHOMIYHHX KOHTPOJIEPIB 0araTomiIbOBOTO MPU3HAYEHHS, ¥ TOMY YHCHI 1
BOynoBaHuX. Ha maHwii MOMEHT CITiBBiIHOIIEHHS “IliHA — MPOAYKTHUBHICTH
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— eneprocriokuBaHHs” st AVR e omHuM 3 Halikpammx Ha CBITOBOMY
PHHKY 8-MH PO3pSAHUX MiKpOKOHTpoiepiB. MokHa BBakatu, mo AVR e
IHIYCTpiaIbHUM ~ CTaHAApPTOM cepell 8-pPO3PSAHUX MIKPOKOHTPOJIEPiB
3aralpHOro mpu3HavyeHHs. Ha ned yac y BupoOHuntei Atmel naseHi 1Ba
cimeiicrea AVR — “Tiny” Ta “Mega”, ski MawTh pi3Hi obnacri
3actocyBanus [2]. 3okpema, “Tiny” AVR — nme iHTenexTyaibHi
aBTOMOOUIBHI AaTYMKU PI3ZHOTO NMPU3HAYEHHS, ITPAIKH, iTPOBI NMPHUCTABKHY,
3apsHI TPUCTPOi, JETEKTOpU TUMY Ta MOJYyM’ s, TOOYyTOBa TEXHiKa, Pi3Hi
iH(pavYepBOHi MyJIbTH JUCTAHIIHHOrO KepyBaHHA. Y CBOIO 4epry, “Mega”
AVR — 1ie ananorosi (NMT, ETACS, AMPS) Ta uudposi (GSM, CDMA)
MOOiUTBHI  TeneoHH, NPHHTEPU Ta KOHTPOJEPHU JUIi HUX, KOHTPOJIEpH
amapartiB (aKCUMIJIBHOIO 3B’SI3KYy Ta KCEPOKCIB, KOHTPOJIEPH Cy4acHHX
JIMCKOBHX HAKOMUYyBauiB ToUIO [2,3]. MeTol CTBOPEHHSI MaKEeTHOI TUIATH €
oprasi3ailis 1 mpoBeJieHHs 1a00paTOPHOrO MPAKTUKYMY ISl CTYACHTIB, SIKi
3MOXYTh CaMOCTIfHO HamlMCaTd HOBY MPOrpaMy ajisi MIKpOKOHTpoJepa
ATmega8, 3anucaru i 10 MIKpPOKOHTpoJiepa i MEepeBipUTH NPaBUIBHICTH
BUKOHAHHS INIPOIpaMy 3a JIOIOMOIOI0 3aco0iB BBEICHHS Ta BHBEACHHI
iHpopmarii maketHol 1watu [3]. Takumu 3acobamu € BiINOBIIHO KHOIIKH Ta
IHIMKATOp 3 CEMUCErMEHTHHMH I1HIMKaTOpaMH. TakuM 4YMHOM, CTYICHTH
Jn00pe  O3HAMOMITIOIOTBCS 3 TPAKTHYHOIO —pealizallielo  rapBapichKoi
apxitektypu EOM Ha npuknani 8-po3psIHOro MiKpOKOHTpoJepa 3 SapoM
AVR (ATmega8), a TakoXk i3 OCHOBHUMH 30BHIIITHIMH MOIYJISIMH CYJacHHUX
MIKpPOKOHTPOJIEPIB.

Ocob6auBocti MakeTHOI JaGopatopHoi miaatu. Cxema (puc. 1)
Mmictuth 46 xomnoneHtiB. Konrponep ATMEGA 8 mae 28 BuBOAiB st
MIAKITIOUEHHS O KOMIIOHEHTIB cxeMu. KoHTpolep miqKIIIoueH i 10 CXeMH
yepe3 CIelialbHUI COKeT Ha 28 KOHTAKTIB, L0 J03BOJIsIE BUKOPHCTOBYBATH
pizai korTponepu ATMEL y maketHi# mrati. I Tomy, y pasi HeoOxigHOCTI
BHCOKOI 00YHCITIOBAIFHOI MTOTY)KHOCTI, MOXHA 3pOOUTH 3aMiHy KOHTpoJepa
Ha OumbIn moTyxHUH. | HaBIaKw, 3a HEOOXIAHOCTI 3/IEMICBICHHS MPOAYKTY
a00 3MEHIICHHS €JIEKTPOCIOXHUBAHHSA, € MOXIIMBICTh 3MIHUTH KOHTpOJIED,
Hanpukiaa, Ha ATtiny, BapTicTs SKOro MeHime 2 $ 3a OHHUIIO. Hns
M IKTIOYeHHS TUIaTH A0 KOHTpoJiepa (KOMIT I0Tepa) Y CXeMy IHTeTrpOBaHHN
po3’em H10-10, sxuit mae 10 BuBomiB (3-if BHBiX y JHaHOMY BHIIAIKy HE
BHKOPHUCTOBYETHCS). 3a JIOMOMOrOK HBOro po3’emy mporpamarop AVR
USBasp miaKIIOYa€eThCsl 10 IUIATH 1 Yepe3 HbOTO BHKOHYETHCS 3almc
MPOrpaMHOTO 3a0e3MEeUYeHHsT Yy TaMm AT MiKpOKoHTpoiepa. Jlo iHmmx
KOMITOHEHTIB CXEMH MOXXHA BiJJHECTH: 4 KHOIKH JUIsl KEPYBAHHS CHCTEMOIO;
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TY4HOMOBEIb, SKWMH migKiIoueHuit uepe3 NPN  TpaH3ucrop o
MiKpoKoHTposepa; 3 citinomionu. Ko komann peanizyerbest MmoBoto C.

Pucynok 1. 3o6uiwniti 6oxosuil 6u2iisio MaKemHuoi niamu 3
mikpoxkoumponepom ATMegas$.

AuJe, OCKUIBKHA MIKPOKOHTpOJIEp “HE pO3yMi€” MOBY BHCOKOrO PiBHS,
JUIL  HBOrO HEOOXiJHO CTBOPUTH KOJ 3 KOMaHI, IO 3alucaHi
LIICTHAUATKOBUMH 4nciiamu. 1[i koMaHIu moBuHHI 30epiratucs B ¢aiimi 3
posumpenssiM .hex. Oxnieto 3 nporpam uist neperBopents koay C B hex-
¢aitn moxe cnyxutn AVR Studio 5. 3 iHTepdeiicoM [aHOro MporpaMHOro
cepenoBuila MoKHa o3Hadiomutuch B [3]. KpiMm komnimsmii  komy,
HanucaHoro Moo C, MOTPIOHO 3amMcaTtd MporpaMmy A0 CaMoro
KoHTponepa. Taka 3amaya Moke OyTH BHpilleHa 3a JOIOMOrOIO
nporpamamu-niporpamatopama AVR Dude a6o eXtreme Burner AVR.
VYBech KOpHyc MakeTHOI IUIaTH HaapykoBanuid 3D-mpuHTepom 3a
JOIIOMOTOI0 YOPHOi IUTACTHKOBOI HUTKH, depe3 mo B Jabopatopii € B
HasBHOCTI 10 TakMX IUIAT, SIKI MAalOTh MPAKTHYHO OJHAKOBHUN BHTIISA. Ix
BiJIpi3HsI€ JHIIIE TE, IO Ha OIHI MAaKETHI IUTATH YKOMIUIEKTOBAHI YePBOHIMHA
CEMHCErMEHTHUMHU  IHOWKAaTOpaMu, a Jpyri IUIaTH -  3€JIeHUMH
CEeMICETMEHTHIMH iHOuKaTopamMu. MikpokonTponep ATMega 8 mae sk
BOCBMHPO3PS/IHI, TaK 1 IIICTHAAUATAPO3PATHI TalMepH-TIYMIbHUKH.
KoxxHuii BOCBMHPO3pSAHUI TaliMep € OIMH BOCEMHUPO3PSAHUI pericTp,
SIKMHA U1 MIKPOKOHTpoOIlepa € perictpom BBoxy / BuBomy. Lleit perictp
30epirae MoToyHe 3HAYCHHS TaliMepa Ta Ha3MBAETHCS JIUMIBHUAM PETiCTPOM.
LicTHamusaTHP O3PS AHI Taitmepu MAaroTh I CTHA I TAP O3PS THI I
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munneHui perictp. KoxHuit perictp mae cBoe iM’s. MikpoKoHTponep
ATMega 8 mae Hamaro/KyBalbHHN €IEMEHT — IPOTrpaMOBaHi IepeMHKadi
pexxumiB. Li nepeMukaui BUKOHaHI Y BUIVISAL ClIENialbHUX KOMIPOK, SIKi TI0
CyTi, € IIe OMHUM BHJOM II€pPEHpOrpaMOBaHOi EHEPTOHE3ANICKHOI Mam sITi.
Koxnuii koHOIrypamiiHuii mepeMuKad IpU3HAYeHUH ajst Toro, mio0
3MIHIOBaTH SKUW-HEOyIb OAWH mapamerp abo pexuM  poOOTH
MIKpOKOHTpOJepa. Y JOKyMeHTalii KOXHUH Takui mepeMuKad Mae
Br3HaueHe iM’s1. Jleski O6iTh KoH}IrypaiiHuX KOMipok 00’ €lHaHi B IPYIH.
BigmoBimHo no TepmiHomorii ¢ipmu Atmel, koHpirypamiiHi Komipku
HasuBaroThest Fuse Bits. 3ammc 1 yuranHs KOHQIrypamiiHHX KOMIpOK
MOXIIMBO JIMIIE 32 JOMIOMOIO0 IPOrpaMaTopa B PEXHMI IPOrpaMyBaHHS.
Bci  HesanporpamoBani  Fuse-koMipku — MicTsaTh  oguHumo.  Ilpu
NporpaMyBaHHI B KOMIPKY 3aIUCYETHCS HYJIb.

BucHoBku. B pesynprari poOOTHM CTBOpEHO MakKeTHy IUIaTy JUist
NPOBEJCHHS J1a0OpaTOPHOrO MHPAKTUKYMY JUIS CTYHEHTIB, SKi 3MOXYTb
CaMOCTIHO HaIlMcaTH HOBY NporpaMmy s MikpokoHTposepa ATmegas,
3anucaTty ii 0 MIKPOKOHTpOJiepa 1 MepeBipUTH NPaBUIBHICTh BUKOHAHHS
IporpamM 3a JOMOMOrOI0 3aco0iB BBEJCHHs Ta BUBEICHHS iH(popMarii
MaKeTHOI TaTh. TakuM YWHOM, CIyXadi CIIel[iali30BaHuX KypciB 1
CTY/ICHTH 3aKJaJiB BHIIOI OCBITH OTPUMYIOTh HOBY MOXIIUBICTH J00pe
O3HAHOMHUTHCH 3  IPAaKTUYHUM  BHKOPHUCTaHHSIM  8-PO3PSIOHOrO
MikpokonTpomepa 3 sapoMm AVR (ATmega8), 3 cydacHUMH 3aMOBaMu
BBEJICHHS 1 BUBeIEHHsS iH(pOpMAIli, a TaKOXK i3 OCHOBHUMH 3O0BHIIIHIMH
MOJYJISIMHU Cy4aCHHX MiKpPOKOHTPOJIEPIB.
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BLOCKCHAIN AND CRYPTOTECHNOLOGIES: THE
EVOLUTION OF INFORMATION AND TECHNOLOGY
MANAGEMENT IN THE DIGITAL AGE
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Odessa Polytechnic National University, Ukraine
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BJIOKYEMH TA KPUIITOTEXHOJIOI'Ti: EBOJIFOLIISA
YHPABJIITHHSI IH®OOPMAIIIEIO TA TEXHOJIOT'ISIMHA B
U D POBII EITOCI

B. JlaBpyxin
Hayionanvnuii ynisepcumem "O0decvka nonimexuixa”, Ykpaina

Abstract. The rapidly evolving digital landscape has witnessed few technological
advancements that have had as profound an impact as blockchain and
cryptotechnologies. These innovations have transcended their initial application in
cryptocurrencies, reshaping the fundamentals of information management systems
and technologies. This presentation delves deeper into the potential of blockchain
and cryptotechnologies, exploring their core principles, diverse applications,
advantages, limitations, and the perspectives they offer for the future.

Keywords:  blockchain,  cryptotechnologies, information management,
decentralization, transparency, smart contracts, innovation, future perspectives

Anomauin. Llugposuii ceim, wo WEUOKO 3MIHIOEMbCS,  O3HAMEHYBA8
HebazamovMa mexHONOSIUHUMU OOCASHEHHAMY, WO CNPABUAU HACMITbKU 2AUOOKUL
enaus, AK Onokueun i Kpunmomexuonoeii. Lfi innoeayii eutiwiu 3a pamxu c602o
nOYAMKOB020 3ACMOCYBAHHA 6 2aJIy3i KPUNMOBANIOM | nepedhopmysan OCHOBU
cucmem ynpagiinns ingpopmayicto ma mexronoismu. Lls 0onosios 3aznubmoemocs
6 nomenyian Onoxuelna I KpUNMOMEXHONO2U, O0CHiOdiCyIouU IXHI  OCHOBHI
NPUHYUNU, PI3HOMAHIMHI 3ACMOCY8anHs, nepesazu, 0OMel CeHHsL I NePCNeKmusU, sKi
B0HU NPONOHYIOMb OISl MAUOYMHBOZO.

Knouosi cnosa: 6rokueiin, kpunmomexnonocii, ynpaeninus ingopmayiero,
Odeyenmpanizayia, Npo3Opicmyv,  CMAPM-KOHMPAKMY, —[HHO8aYil, nepcnexmugu
MatibymHso2o

The purpose of this paper is to analyze the role of blockchain and
cryptotechnology in the evolution of information systems and technologies,
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and to identify the key benefits, limitations, and challenges they face. To
achieve this goal, the following objectives are set: Examining the basic
principles of blockchain and cryptotechnology.Analyzing the diverse
applications of blockchain, including finance, supply chain management,
healthcare, and other industries.ldentifying the benefits of blockchain and
cryptotechnology, such as decentralization, transparency, efficiency, and
autonomous smart contracts. Examining the limitations and challenges, such
as scalability and energy costs.

The object of the study covers blockchain and crypto technologies, their
impact and applications in different fields. The subject of the study includes
the advantages, limitations, challenges and prospects of these technologies.

The main findings of the study emphasize the significance of blockchain
and cryptotechnologies for revolutionizing information systems and
technologies. These innovations provide decentralized, reliable and secure
solutions applicable in different sectors such as finance, supply chain and
healthcare.

The benefits of blockchain, including decentralization, transparency and
autonomous smart contracts, offer new opportunities to innovate and
optimize business processes.

However, there are challenges to overcome, including scalability and
energy costs.

The development of more efficient algorithms and a focus on
environmental sustainability will further encourage participants to embrace
these technologies.Social, legal and economic aspects also play a key role in
the successful adoption of blockchain and crypto technologies.

Transparency, data protection and the development of appropriate
regulations are important to ensure the safety of users and prevent
undesirable practices. The impact on the economy and business is
undeniable: lower costs, more efficient transactions and new business
models drive innovation.

However, companies also face the challenges of adapting to the new
demands associated with these technologies. The benefits of blockchain and
crypto technologies, including decentralization, transparency, and
autonomous smart contracts, are having a profound impact on different areas
of business, creating a sustainable and secure environment for collaboration.

In the future, blockchain and crypto technologies will continue to evolve
and increase their capabilities. The growth of the technology and ecosystem
will allow its application to expand into new industries and fields.
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Figure 1. Enterprises implementing blockchain technology
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The development of more efficient algorithms, increased scalability, and
environmental sustainability will make these technologies even more
attractive to a wider audience.In conclusion, blockchain and
cryptotechnologies, having earned their reputation as revolutionary tools for
data management and transactions, will forever be part of our future digital
reality.

Presenting the future prospects of blockchain and crypto technologies.
However, the success of their use depends on understanding and balancing
their potential and limitations.In doing so, it is important to maintain a
balance between innovation and security.

The development of standards, legislation and robust data protection
mechanisms will play an important role in ensuring the sustainable and
effective development of blockchain and crypto-technologies.

This will allow market participants to harness the potential of these
technologies without risking security and privacy.In conclusion, blockchain
and cryptotechnologies are not only technical innovations, but also
fundamental changes in the way we think about information transfer and
trust.

With their help, we can create fairer and more transparent economic and
social relationships, optimize business processes and ensure strong data
protection.

Thus, through continuous development, expanding applications and
incorporating social, economic and legal aspects, blockchain and crypto-
technologies promise to remain key drivers of progress in the digital age.

Their impact on information systems, economies and businesses will
continue to expand, making our world more decentralized, efficient and
secure.
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BUKOPUCTAHHS AJAIITUBHUX @ YHKII1 AKTUBAIIII B
MOMNEPEJHBO MIATOTOBJEHUX MOJIEJISIX INTYYHOT
HEWUPOMEPEKI

Dr.Sci. 10. Boasinchkuii, C.KocTiok
Xapxigcobruil nayionanvHuil ynigepcumem paoioeiekmponixuy, Yxpaina.

Abstract. This paper introduces the adaptive activation function replacement
method for pre-trained artificial neural network models. The method enables the
usage of adaptive functions instead of their non-adaptive counterparts without
spending time training the model from scratch. The effectiveness of activation
function replacement is evaluated on the image recognition task using a CNN in
PyTorch and CIFAR-10.

Keywords: adaptive activation function, pre-trained artificial neural network
model, transfer learning, deep neural network

Anomauin. Lls cmamms npeocmaegnsic memoo adanmugHoi 3amiHu QyHKYil
akxmusayii 0151 nonepeoHbo HaAYeHUx Mooeeti wmyyHol Hetpornoi mepedici. Memoo
003601€  GUKOPUCMOBY8AMU  A0ANMUGHI  QYHKYIl  3amicmb  iIX HeadanmueHux
amanoeis, He BUMPAUAIOYY YAC HA HABUAHHA Mmooeni 3 nyas. Egexmuenicme 3aminu
@yuryii  akmusayii  oyinioemvcs Ha  3a0a4i  PO3NIZHAGAHHA  300padcenb  3a
donomozoro CNN y PyTorch ma CIFAR-10.

Kniouosi cnosa: ¢pynxyis adanmusnoi akmueayii, nonepeonbo HagueHa mMooels
WMy4HOI HelpOHHOT Mepedici, mpanchepre HA8UAHHSA, 2NUOOKA HEUPOHHA Mepedrcd

Artificial neural network models have become essential to modern data
processing systems [1]. To improve the efficiency of artificial neural models
and process new kinds of data, researchers continue increasing the
complexity of the models, introducing new architectures, and experimenting
with activation functions. One such area of research is synthesizing new
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adaptive activation functions for different target applications, including
piece-wise and continuous activations [2]. Traditionally, the industry has
been training new models, including the models with adaptive activation
functions, from scratch. As the complexity of artificial network models
increases, their training requires more time and computational resources,
limiting the innovation space to big companies or inferior model
architectures. Based on that, the industry is growing interested in techniques
like transfer learning, using pre-trained neural networks and their
components (blocks) [3]. Compared to training from scratch, using such pre-
trained models and blocks dramatically reduces the training time and the
amount of resources required for this process. The paper proposes the
activation function replacement method for pre-trained neural networks. The
method allows using commercially available pre-trained models, their saved
weights, and their state as the base of new models with adaptive activation
functions. Applying this method does not require re-training of the base
weights, speeding up the training time and shortening the development
cycle. We demonstrate and evaluate the method using a convolutional neural
network trained on the CIFAR-10 dataset. For evaluation, we study eight
variants of the model: four base variants with non-adaptive activation
functions and four derived models with the corresponding replacements. We
select AHAF [4] as the exact replacement for SiLU and a continuous
approximation for ReLU. We select F-neuron [5] as a piece-wise linear
approximation for Sigmoid and Tanh. In order to correct possible
approximation errors, we run fine-tuning of the activation function
parameters after the replacement. The evaluation confirms the method's
viability for the exact replacement and approximation of commonly used
functions, such as ReLU, SiLU, Tanh, and Sigmoid. The fine-tuned derived
models perform consistently better than the base models on CIFAR-10.
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Abstract. Findings enable us to make better decisions in selecting appropriate
devices for deep learning tasks based on their sophistication. As a result, we were
able to enhance both productivity and experiment quality. Through our research, we
were able to improve the efficiency of our deep learning tasks
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Keywords: devices for deep learning tasks based

Anomauin. Ompumani Oani 00360110Mb HAM NPUILMAMU KPAwyi PiuLerHs Wo0o
8UOOPY BIONOGIOHUX NPUCMPOI8 OISl 3A80AHb 2IUOOKO20 HABUAHHS HA OCHOBI IXHbOT
ckaaonocmi. Y pezynomami Mu 3M021u RIOSULUINU K NPOOYKIMUBHICMb, MAK §
AKicmb ekcnepumennmy. 3a80sKu HauuM OO0CTLOHNCEHHAM MU 3MO2TU NIOGULUMU
eexmueHicmb HAUUX 3A80aHb 2IUOOK020 HABUAHHS

Knrwwuoei cnosa: npucmpois 01 3a60anb 21ub0K020 HAGUAHHS

Deep learning methods have demonstrated remarkable success across
various domains. However, the computational demands of sophisticated
calculations, involving deep neural networks, especially on small data
machine learning tasks, can result in challenges related to cost, repeatability,
and experiment consistency. In this paper, we address the issue of hardware
usage optimization to improve the efficiency of deep learning computations.
We propose a novel approach to handle small data problems, utilizing
different neural network architectures, such as RCNNs and DCGANSs, using
all available computing units - central processing units (CPUs) and graphic
processing units (GPUs). These architectures are known for their memory-
intensive nature, particularly when applied to specific datasets. Our key
focus lies in refining the process of data handling, and we compare hardware
performance using established techniques, benchmarking CPUs and GPUs
[1]. We conducted experiments with proven and publicly available datasets,
which allowed us to evaluate performace using Direct ML library. By
analyzing the behavior of CPUs and GPUs utilization during deep neural
network training, we identify crucial differences that impact performance.
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Figure 1. AMD Adrenalin performance monitor during the experiments

In order to perform most computing intense tasks we used the test
system, comprising of AMD Ryzen 3600X processor and AMD Radeon
RX6500XT GPU, 16 GB RAM, using dual-boot setup with Windows 10
and Ubuntu 18. The experiment showcased here is related to human face
recognition. Here, we use data available online - FER2013 [2] and a

61



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

convolution network (CNN) that performs facial expression classification.
To verify the performance, we used the AMD Adrenalin Radeon resource
monitor [3] (Fig. 1), and used the Anaconda console that writes the
necessary information (Fig. 2).

Figure 2. Python interpreter console and Jupyter environment (Anaconda)

Based on our series of experiments we have found the following:

1. According to the tests on image recognition and autoncoder training,
we found that the GPU computation speed is non-linear and dependent on
number of iterations as well as sophistication of computation task.

2. As we used the DCGAN and RCNN model, we needed to overcome
the performance bottleneck in GPU memory size and bus width, utilizing
the processor, that allowed to increase the performance in 2.74 times.

3. Type of the operational system and hardware memory size are less
important, than new technologies (smart access memory, memory type) used
in processors and graphic processing units in deep learning tasks.

Our findings enable us to make better decisions in selecting appropriate
devices for deep learning tasks based on their sophistication. As a result, we
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were able to enhance both productivity and experiment quality. Through our
research, we were able to improve the efficiency of our deep learning tasks.
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Abstract. The expediency of using patterns of visual data analysis to assess the
competitiveness of compositions of fine-grained concretes for polyfunctional
purposes is substantiated.

Keywords: fine fillers, activation, visual analysis, data warehouse.
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Anomauia. OOIpyHmMO8aHo OOYIMbHICMb GUKOPUCMAHHA 3AKOHOMIPHOCHEN
BI3YAILHO20 AHANI3Y OAHUX Ol OYIHKU KOHKYPEHMOCHPOMONICHOCHI CKIA0i8
OpibHO3epHUCIMUX OEMOHI8 NOTIPYHKYIOHATbHO2O NPUSHAYEHHSL.

Knrouosi cnoea: mouxi HanosHw0eaui, akmueayis, Gi3yanbHull aHanis, cxo8uuye
OaHUX.

Modern construction requires the use of new effective materials, among
which an important place is occupied by high-quality fine-grained solutions
and highly mobile mixtures. Obtaining fine-grained mixtures of high
uniformity, vitality and strength is impossible without the use of
multifunctional modifier additives, the most effective of which are
complexes based on superplasticizers and highly dispersed mineral additives
based on silica fume.

Different silica-containing active micro- and macro-fillers with different
specific surface area, structure and polymineral composition can have
different effects on the rheology of mixtures, structure formation and
solution hardening processes.

The issues of the joint action of these additives and the priority of their
influence on the properties of mixtures and concretes, the development of
highly mobile mixtures with various plasticizers determine the subject of a
wide range of experimental and statistical studies.

The multiplicity and versatility of the compositions obtained by
researchers based on the same qualitative and different quantitative
compositions of organo-mineral modifiers predetermine the feasibility and
relevance of automating analytical studies using a decision support system
(DSS) [1] using the ROLAP data warehouse.

The main objective of the system is to provide information on existing
compositions and polyfunctional modifiers.

This allows you to expand the field of choice and evaluate the
competitiveness of the composition. DSS data visualization is used both for
data exploration and for explaining the findings to the customer.

The widespread technology of experimental and statistical studies is
based on the search for hypotheses for the mathematical description of
dependencies and on their verification. For data visualization, this
technology uses a mathematical description that can generate modified and
even integrated data.

The storage can contain the primary data layer, i.e. store and display data
in a form that matches the source as much as possible. This will improve the
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quality of data visualization. At the same time, the experience gained in the
visualization of data from experimental and statistical studies of modified
solutions [2] can be applied in the DSS in the form of a library of templates
for line graphs, linear, bar, pie, sector and vector diagrams.

Analysis of the storage ROLAP model shows that the dimension
required for display can reach 12. When using one-, two- and three-
dimensional representation of information, the following templates have
been prepared:

- graphs (for example, "Changes in the physical and mechanical
properties of arbolite concrete depending on the content of the binder in
relation to the content of organic aggregate™);

- flat diagrams (for example, "Analysis of the influence of the fractional
composition of organic aggregate on the properties of arbolite concrete on a
composite gypsum binder");

- bar charts (for example, "Influence of pozzolanic additives on the
properties of the composite gypsum binder");

- three-dimensional space in the form of a cube (For example,
"Visualization of the change in strength under the influence of three
independent indicators (two factors that take into account the influence of
time on processes and the amount of inorganic additive)™)

If the data set has more than three dimensions, then templates of view
complexes are applied, using dimension reduction to one-, two- or three-
dimensional view by factor analysis [3].
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Anomauia. [Lmyynuii Inmenexm (L) eidiepac eadxciugy ponv y niompumyi
Heobxionoeo pisns asmonomuocmi Besninomuux Cucmem (B5C). Cmeopennsa LI
Ho8020 nokoninms, a came LI wo Biouyeae (LLUIB) ons BC ¢ axmyanvhoro
npobremoio cvocodennsi. Oonum i3 xomnowenmie LB ¢ modens KocHimusHo2o
cnpusinamms (KC). B 0onosioi posenanymo modenv KC wjo @paxogye kocHimusHi
npoyecu 8i0o6padicentss 0anux 6i0 damuuxie y ix cenc. Baoicnusoro ocobausicmio
KOZHIMUBHO20 CHpULIHAMMS € cmapinHs ingopmayii ma it 3abyeanns 3 yacom. Y
00n06idi  posensidacmocst aneopumm, skuu peanizye mooens KC 3 mexamnizmom
cmapinis OaHux.

Knrwuosi cnosa: asmonomna inmenexmyanvHa 6e3nilomua cucmema, wmy4Hui
iHmenekm wo 6i04yeac, KOCHImMugHe CHPUUHAMMS, Oani 3 OAMYUKIE, CMAPIHHS

inghopmauii.

Abstract. Artificial Intelligence (Al) plays an important role in maintaining the
required level of Unmanned System (US) autonomy. Creation of the new generation
of Al, namely Feeling Al (FAI) for US is actual nowadays problem. One of the
components of the FAI is a Cognitive Perception (CP) model. The CP model
considered takes into account such cognitive processes as the mapping of data from
sensors in their meaning. An important feature of cognitive perception is aging of
information and its forgetting over time. The article considers an algorithm that
implements a model of cognitive perception with an aging mechanism.

Keywords: autonomous intelligent unmanned system, feeling artificial
intelligence, cognitive perception, data from sensor, aging of information.

Y HayKOBOMY CITIBTOBapHCTBI OOTOBOPIOETHCS MOMKJIMBICTH CTBOPEHHS
LI Tperporo mokomiaasa mist bC, skuil BpaxoBye iX OCOONMBOCTI Ta Mae
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KOTHITHBHI 31i0HOCTI, 110 MATPUMYIOTh aBTOHOMHE NPHHHSTTS PIllICHb B
YMOBax HEBU3HAUEHOCTI Ta B HEIPYKHbOMY CEPENOBHILI. 3arpOrOHOBAHO
MoJenb Ta ecki3 apxitekrypu LIB [1-3]. OnHuM i3 OCHOBHHX KOMIIOHEHTIB
apxitektypu IIIB € cucrema CHpUHHSATTS, sIKa peali3ye KOTHITUBHY
¢yHKIII0 aucTmwAnii ceHcy naHux Bin ceHcopiB [3]. Ecki3 apxitextypu
IIB, 110 3anpornoHoBaHo B [2], mokazaHo Ha puc. 1.
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Pucynox. 1. [Ipoexm apximexmypu wimyyHo2o inmenekmy wo iouysac

Yotupu 06a3u 3HaHb BigoOpaxkeHi y Burisim kon. Dynkmii B
peaii3oBaHi JAeB'AThMa MEXaHI3MaMU HEUYITKOTO BHUBEACHHS Ha 3HAHHSIX.
Bonu mokasaHi y BUTIISAI MIECTUKYTHHKIB. MexaHi3M CHPUIHATTS MO
KC BukopucroBye 6a3y 3Hanb «lllo 11e?». Monenms KC BpaxoBye ocHOBHIi
0COOJIMBOCTI CHCTEM CHPHHHATTS KUBOi Tpupomu. llo-mepire, B KOXeH
MOMEHT Yacy OOUYMCIIOETBCS CEHC HE MITICHOI CHTYyallii, a sSKOroch
¢parmenra cepenopumia bC, BumineHoro mexanizMoM yBaru. CeHC MiTiCHOT
cutyatii GopMyeThCsS TOCIITOBHO HUISXOM IEPEMIIIEHHS YBard 3 OIHOTO
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¢parmenrta cepexoBuiia Ha iHmMHA. [lo-npyre, mocmigoBHO chopMOBaHHI
OIMC CEHCY IOBHOI CUTYyamii MiATPUMYETHCS KOTHITHBHUM MEXaHi3MOM
CTapiHHS JaHWX 1100 MiHIMI3yBaTH PU3UKH BiJl IPUHHSATHX PILLICHb.
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Abstract. The article presents the results of developing a model for diagnosing a
ship complex technical system. In artificial intelligence, knowledge representation
models are actively developing - Bayesian Belief Networks, used to diagnose the
technical condition of complex systems The model for diagnosing and predicting the
risk of failures of subsystems, components, interconnections can be considered as a

68


mailto:126.ist.onpu@gmail.com

Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

conceptual model of an intelligent system for diagnosing and predicting the risk of
failures of complex technical systems on network infrastructures, which has a
relative insensitivity to incomplete technological data. The use of the developed
method and model, taking into account the hierarchical levels subsystems,
components, intersystem and complex technical systems intercomponent
communications, when searching for the causes of failures in complex technical
systems, allows us to control failures risk in systems when information about failures
in their structures is received according to technical condition.

Keywords: subsystems, components, intersystem, intercomponent
communications, complex technical system, risk, diagnostics, intelligent system,
Bayesian belief network, insensitivity to incomplete data.

Anomauia. Y  cmammi  nagedeno  pesyibmamu  po3pooKu  Mooei
diacHocmysants CKIAOHOI MexHiuHOi cucmemu cyona. Y wimyunomy inmenexmi
AKmMueHo possusaromvcsi Mooeni npeocmasienns snans — Bayesian Belief Networks,
WO BUKOPUCMOBYIOMbCA 0N OIAZHOCIUKYU MEXHIYHO20 CMAHY CKAAOHUX CUCTEM.
Mooenv diaenocmuku ma npoHO3Y8AHHS PUSUKY 6i0MO8 NIOCUCHEM, KOMNOHEHMIE,
63AEMO38 SI3KI6 MOJCHA PO3TAOAMU K KOHYENMyaibHy MOOenb IHMeneKmyanibHoi
cucmemu OlG2HOCMUKU MA NPOSHO3VBAHHA PUSUKY 6I0MO8 CKAAOHUX MEXHIUHUX
cucmeM Ha Mepedxicesux IHQpacmpykmypax, axka mae 6iOHOCHY Hedymausicms 00
He3a6eputenUx MeXHON0IYHUX Oanux. Bukopucmanmns po3pobnenozo memoody ma
MoOeni 3 Ypaxy8amHsaM — ICPAPXIYHUX — pIGHI6  nmiocucmem, — KOMNHOHEHMIS,
MIHCCUCTEMHUX T MIJHCKOMNOHEHMHUX 36 S13Ki6 KOMNAEKCHUX MEXHIYHUX CUCTeM npu
NOWLYKY NPUYUH GIOMO8 Y CKNAOHUX MEXHIYHUX CUCTNEMAX O0380.ISE KOHMPONIO8AMU
PUBUK 8IOMO8 Y CUCMeMax, KOoau IH@opmayis npo 6ioMosu 6 iX cmpykmypax
HA0Xo0umbs 3a MEXHIYHUM CIAHOM.

Kniouoei cnosa:. niocucmemu, xomnonenmu, MidCCucmemmi, MidNCKOMNOHEHMHIL
KOMYHIKayii CK1aOHa MeXHIYHA Cucmemd, pusuk, OlAeHOCMUKA, [HMEeNeKmyaibHa
cucmema, mepedsica nepekonands baiieca, neuymaugicmo 00 HENOBHUX OGAHUX.

In artificial intelligence, knowledge representation models are actively
developing - Bayesian Belief Networks (BBN), used to diagnose the
technical condition (TC) of complex systems [1,2]. One of the BBNs
advantages for vehicle diagnostics is their ability to work with uncertain and
incomplete CTS process data. BBN can be applied to assess the risk of
failures in complex technical systems (CTS), providing data and knowledge
integration to assess the likelihood of various failure scenarios and their
consequences. By identifying critical components, evaluating maintenance
strategies, and supporting regulatory compliance, BBNs can help ensure safe
and reliable CTS operations.

Problems associated with ensuring the reliable operation of ship CTS
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require further improvement and the search for new methods, models and
algorithms aimed at promptly detecting emergency conditions of equipment,
at solving the problems of diagnosing and predicting system failures risk
under conditions of relative insensitivity to incomplete data on FS, FC, FIC
and FlI (subsystems - FS, components - FC, intersystem -FI and CTS
intercomponent communications - FIC). Since all modern ships must be
equipped with automation systems for technical means using artificial
intelligence technologies, the introduction of approaches based on such
methods, models and algorithms should help ensure ship’s CTS reliable
operation. A formalized generalized model for the intellectualization of TC
diagnostics and predicting failures risk of FS, FC, FIC and FI by diagnostic
features can be described as follows:
<G,S(C), Is(1c) Rscy Ry iy L >
where: S(C) ,set FS (FC);
I (1), set FIC (FD);

Rs(cyr Ri (1) set of failures risk diagnostic assessments FS (FC),
FIC (FI) CTS;

L - mapping relationships between sets S(C),Is(l.),
Rs(cy Ri, (1) » based on the fault tree of the CTS diagnostic mode.

As an BBN example for interconnected power plant units IE, CAS, SPP
and interconnections IE-CAS, CAS - SPP, sets of failure risk at the initial
time and taking into account the dynamics of technical conditions over time
based on a priori data on intensities bounce

RWork;"2s),_o =0;
R(Not _work;73), o =1;
R(Vvorkley:iCAS,CAsfspP)t:O =0
R(Not _work® cas cas_spp)ico =15
R((Work;=72), /(Work;'35),_,) =01;

R((\Norkfég_CAs,CAs_spp t /(Workle’a_CAS,CAS—SPP)t—l) =01

Symbols of subsystems, components of the SPP in BBN: Input element -
IE; Fire fighting system - FFS; Compressed air system - CAS; Manual
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control of the main engine - MCME; Control system - CS; Remote
automated control system of the main engine - RACSME; Intermediate
component - P1; Ship power plant - SPP; Main engine - ME; Ballast
drainage system - BDS; Emergency drive propulsion and steering complex -
ED PSC; Control system for propulsion and steering complex -CSPSC;
Boiler plant - BP; Transfer of power from the main engine to the propeller -
TPMEP; Intermediate component - P2; Propulsion and steering complex -
PSC; Output component - EXIT. Sets of risk of failures at the current
moment of time, taking into account the previous state of subsystems and
intersystem communications, can be within:

the level of risk of failure is estimated as minimal, the consequences of
an accident are minimal at:

R((Not _work;s2), /(Work;s7), ,) =01-0,2;
R((NOt_Worklzlé?:CAS,CAS_SPP)t /(\Alorkll’E3_CAS,CAS—SPP)t—l) =01-0,2

the risk failure level is assessed as acceptable, the consequences of the
accident are insignificant at:

R((Not _work;57), /(Work;35),,) =0,2—0,37;
R((NOt _ work? cxs cas_spe ) /OWOTKZ cas cas_spp)i 1) =0,2—0,37

the risk failure level is estimated as maximum, the consequences of the
accident are significant at:

R((Not _ work;"23), /(Work;"23),_,) =0,37 —0,63;
R((Not _worke? cus cas_spp )i (IWOTKZ® cag cas_spp 1) = 0,37 0,63

the failure risk level is assessed as critical at:
R((Not _work;35), /(Work;35),_,) =0,63—1

R((NOt_Workle’:iCAS,CAS_SPP)t /(Worklzé:iCAS,CAS—SPP)t—l) =0,63-1

The operating state and failure, for example, of the CS subsystem for the
risk of failure at the input element of the SPP 0.26 when simulating the BBN
of the SPP is shown in Fig. 1. The described method, the developed model
of an intelligent system for assessing and predicting the risk of CTS failures
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on network infrastructures, as a research result, confirmed the relative
insensitivity to incomplete technological data FS, FC, FIC and FI.

Application of research results allows providing: formation of principles
for the intelligent system for diagnosing and predicting the CTS failures risk
construction and operation; intellectualization model of TC estimation and
forecasting ship CTS failures risk oby diagnostic features, which has a
relative insensitivity to incomplete technological data FS, FC, FIC and FI
CTS creation; intellectualization model for ES evaluation based on the use
of a priori information about failures, linking the types of TC FS, FC, FIC
and FI of complex systems and their diagnostic features in the failure risk
form creation; identifying the most vulnerable FS, FC, FIC and FI CTS and
solving the problem of determining the failures causes depending on failures
risk in the TC diagnostics.

™ MNode properties: C5  level 3 [} >

General ] Definition ] Observation Cost ] Format ] Documentation ] User properties  Value ]
Temporal probability distributions: [aal o |
Time | [1] 1 2 3 4 5 [
v [ Work | 0.81827724} 068502811 ;| 0.58650529 ;| 0.54021486 : 0.5070651 ;| 0.49060663 : 0.479184
[ ] Mot_work = 0.18172276 : 0.31457189 : 0.41345471 : 0.45578514 | 0.4529349 | 0.50939337 | 0.520815

< >
1
o T T T T T T T T 1
o 1 2 3 4 5 (] T 8 ]
OK | Omena

Figure 1. Operating state and failure of the CS subsystem for failure risk
the input component of the SPP 0.26

The results of the development of a diagnostic model for a complex
technical system with incomplete technological data and its implementation
in an intelligent system for assessing and predicting FS, FC, FIC and FI ship
CTS failures risk made it possible to obtain a priori information about the
technical condition of a complex system. The types of technical condition
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FS, FC, FIC and FI are determined on the basis of diagnostic features of a
complex system using ship power plant example. Predicting complex
technical system technical state type was carried out using a posteriori
inference in Bayesian belief networks. The conducted studies presented in
the article evaluated the results of functioning of an intelligent system for
diagnosing and predicting complex technical system failures risk, which
makes it possible to identify the most vulnerable FS, FC, FIC and FI CTS
and predict their TC. The model for diagnosing and predicting the risk of
failures of subsystems, components, interconnections can be considered as
an intelligent system conceptual model for diagnosing and predicting
complex technical systems failures risk on network infrastructures, which
has a relative insensitivity to incomplete technological data.
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npodykmuenocmi moodeni baiNet 6 pizHux yM08ax GUKOPUCTIAHHA BUBYANACS
N0BEOIHKA IMYHHUX 00'ckmis, wo GopMmyroms NONYAAYII0 AHMUMIN, 1 X 6iOHOWEHHS
00 nesHoI KinbKocmi Kiacis, npedcmagieHux Habopom aHMUSeHis.

Knrouosi cnosa: imynni 06'exmu, icposi nepconaici

Abstract. Several game sessions were conducted with different numbers of game
characters on different size maps of the game world. When comparing the
performance of the baiNet model in different conditions of use, the behavior of
immune objects forming the population of antibodies and their relationship to a
certain number of classes represented by a set of antigens was studied.

Keywords: immune objects, game characters

CrpiMKuii pO3BUTOK iH(QOpPMAIIMHUX TEXHOJOTH MPHU3BIB JIO TMOSBU
HOBUX MOXIIMBOCTEH Ui pO3POOHHKIB 1 BHUAABIIB IrPOBOTO MPOrPaMHOIO
3abe3neueHHs [1, 2]. 3aBasku 1[bOMY B 00J1aCTi PO3POOKH IrpOBUX JIOAATKIB
3’sIBUJIACS BEJIUKA KiJIbKICTh IUIATOpM, MIa0JOHIB PO3POOKH apXiTeKTypu
ITPOBHUX IOJATKIB, @ TaKOX CEPEHOBHII, IO JO03BOJIAIOTH CIPOCTHTH 1
ABTOMATH3YBATH MPOLIEC PO3pPOOKH iIrpOBOr0 MPOrpaMHOro 3a0e3rnedeHHs.

B TeneplmHm yac mrydnud intenekt (1) mmpoxo BUKOPHCTOBYEThCA
B irpoBiii lH,Z[yCTpll i 3aCTOCOBYEThCS ISl CTBOPCHHSA cynepHm(lB rpaBL,
L0 € OCHOBOIO BCiX Bizeoirop [3]. BaMBO CTBOpUTH iHTENIEKTYyaIbHY
MOJICTIb KepyBaHHs ITPOBUMH IIEPCOHAXKaMH, MO0 IMITYBaTH IOBEAIHKY
rpaBIliB 0araTb0X KOPUCTYBAILKUX KOMIT FOTEPHHX irop.

IrpoBuii 10MAaTOK, BUKOPUCTAHHN Y pOOOTI, MOAENoe (GpyTyprUCTHUHUN
KOCMIYHUH CBIT, Jie IpaBellb B3aEMOJII€ 3 IHIIMMHU EPCOHAKAMH Y BITBHOMY
irpoBoMy mipoctopi [4]. I'paBenb kepye BIacHHM KOCMIYHHM KopaoOiiem,
SIKMH MOYKE TepecyBaTHCsl IO IMPOCTOpax IrpoBOrO CBITY, 3HAXOAWUTH 1
JNOOyBaTH IrpoBi pecypcH, OOMIHIOBATHCS HUMH B TIEBHHX TOYKaxX Ha KapTi
ITPOBOTO CBITY JUISl PO3BUTKY BJacHOro kopadis. Ha kapti irpoBoro cBiTy €
KilbKa JIOKAIii, NI¢ TpaBelb pa30oM 3 IHIIMMH TEPCOHAKAMH MOXKE
oOMiHIOBaTHCA 3i0paHMMH pecypcaMu, PEMOHTYBaTH CBiii kopabempb i
T IBUIITYBATH HOTO PiBEHB i XapaKTEPUCTUKH.

Hana pobora crpsiMoBaHa Ha BUKOPHCTaHHA IMyHHUX METOIIB 0OpOOKH
iH(popMallii Ta MPUHHATTA pillleHb B ITPOBUX MPOEKTaX. 3aiady KepyBaHHS
TIOBEI[IHKOIO TEPCOHAXIB B IrpOBOMY MPOTrpaMHOMY 3a0e3leueHHI MOXKHA
BBKATH OKPEMHM BHWIAIKOM 3a7adi Kimacwuikarii, A BUPIMIEHHS SKOI
MIPOTMIOHYEThC BUKOpUCTOBYBaTH mTydHi imMyHHI cuctemu (IIIC). Tomi
MOJJIMBI BapiaHTH [iil irpoBoro mepcoHa)xa (popMyroTh Hadip KiaciB, sKi
npencrapieri nomymsdieto anTuredis HIIC [5]. O3nakamu Kiacy € Kinbka
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rapameTpiB, SKi MaloTh KOHKpeTHiI ¢ikcoBaHi 3HayeHHs. Llmsxom ix
KJIOHYBaHHS, MyTalii Ta B3aeMopil 3 iHmmmu mnepcoHaxxamu LIIC s
KOXHOI'O OKPEMOT'0 MEPCOHAXKA BUOUPAETHCS THIT MOBEIIHKH.

3a OCHOBY CTBOPEHHS MOjIENi KEpYBaHHS IOBEHIHKOIO NEPCOHAXKIB Y
KOMIT FOTEpHHX irpax oOpaHO Moenb MTy4Hoi iMyHHOI Mepexi aiNET, ska
3a3BMYali BUKOPUCTOBYETHCS JUIs BHpILIEHHS MpoOneM Kiacudikarii,
KJjacrepu3anii Ta po3mi3HaBaHHS 00pa3iB. 3alporoHOBaHO MOIH(IKOBaHY
Mojenb iMyHHOiI Mepexi — behavioral aiNET (baiNET), sika Moxe Oyrn
BHUKOPHCTaHA IS BHUPIIICHHS KOHKPETHOI MpakTHYHOI 3amaui. Poboty
Mozeni baiNET MokHa YMOBHO PO3/IUIUTH Ha JIBa OCHOBHUX CTaIlH:

1. Eran ¢opmyBanHs cneuudiuHoi iMyHHOI BIAIIOBIJl ILIIXOM
BIZITBOPEHHsI HA0OPY aHTHUTEHIB, 0 BU3HAYAIOThH KJIACH MOBEIHKH IrPOBUX
NIEPCOHAXIB y MPOLIEC] TPEHYBAHHSI IMYHITETY.

2. Etan Bu3HaueHHs 00 €KTiB, 3 AKMMH Lii aHTUTIIA OYIyTh B3a€MOIIATH
JUIs peatizarii crierugi4Hoi OBEIiHKK 00paHOro Kiacy.

Peamizalfiss X eTaIniB 3iHCHIOCTHCS IIUIIXOM ITOCIIiJOBHOIO BUKOHAHHS
Bi/INIOBIIHUX IMYHHHX OIIEPATOPIB.

[Iporpamua peaiizalisi irpoBOro nmporpaMHoro 3abe3rnevyeHHs] BUKOHAHa
Ha Unity 2017 3 Bukopuctanusm tiatpopmu NET Ta MmoBH
nporpamyBaHasa C#.

[Iporpama peasnizoBaHa Ha OCHOBI 3araJIbHOrO apXITEKTYPHOTO MIA0IOHY
nporpamyBaHHs MVI.

Po3pobnenuit irpoBuii JOAATOK € JOCHTh CKIQJHUM TPOrPaMHHM
3ac000M 1 YMOBHO PO3JIJICHHI Ha KiJIbKa OCHOBHHUX MOAYJIB 3 PI3HUM
(YHKI[IOHAJIBHUM MPU3HAYCHHSIM. ByIlo MpoBeIeHO KijibKa iIrpOBHX CEaHCIB
3 PI3HOI0 KUIBKICTIO IrPOBHX TMEPCOHAXIB HA PI3HMX 32 PO3MIPOM KapTax
irpoBoro cBity. [Ipu nopiBHSIHHI TpOAYKTHBHOCTI Mozeni baiNet B pi3HHUX
YMOBax BHUKOPHCTaHHS BHBUANACS I[IOBEIIHKA IMYHHHX OO0'€KTiB, IO
(OpMYIOTh TIOMYMAIII0 AHTUTLI, 1 iX BIJHOMIEHHSA IO TEBHO{ KUTBKOCTI
KJIACiB, MMPECTAaBICHUX HAOOPOM aHTHICHIB.

BaxxmmBo Big3HauMTH, MO 3amponoHOBaHA Mofens baiNet mpocra B
peamizauii Ta Moaudikarii, 110 Jae MOXJIMBICTh Ha/IaMi il BUKOPUCTOBYBATH
JUT KepYBaHHS MIEPCOHAXKAMH B irpax 1HIINX JKaHPIB.
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Abstract. The article deals with the issue of reducing the maneuvering area of a
conventional single-screw vessel due to the use, when determining controls, of the
refined calculation scheme "gravity center — rotation center — pivot point".

Keywords: navigation safety, pivot point, rotation center, maneuvering area,
automated system.

Anomauia. Y cmammi po3enadacmvcsa  NUMAHMA — 3MEHUIEHHA  NIAOWji
MAHeBPYB8AHHsL 36UHANIHO20 0OHO2EUHMOBO20 CYOHA 3A PAXYHOK GUKOPUCHAHHSL NPU
BUBHAYEHHI 3aCc00i6 YNPAGIIHHA YMOYHEHO! PO3PAXYHKOGOL CXeMU «YEHMP MANCIHHS
— yenmp 06epmManHs. — MoyKa nogopomy».
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Over the past decades, the number and dimensions of vessels have
grown at a much faster rate than the size of ports.

To ensure navigational safety, it is important to develop methods of
vessel’s control in ports, narrows and other restricted waters, which would
allow reducing the maneuvering area.

One of the effective directions for solving this problem is the use of the
pivot point concept — an alternative view of the processes of controlling the
vessel’s rotation.

Until recently, it was believed that the pivot point was counted from the
gravity center of the vessel.

This is not entirely true, since the vessel does not rotate around the
gravity center, but around the rotation center.

When the longitudinal speed appears and increases, the rotation center
shifts relative to the gravity center [1], which causes deviation of the real
trajectory of movement from the expected one.

Since the pivot point position is calculated from the rotation center,
which also shifts, depending on the vessel speed, it is important to know the
movement of the pivot point relative to a fixed point on the vessel’s hull, for
example, the middle frame.

This distance is equal to

Ryia = AX+R, @

Displacement rotation center relative to the gravity center can be
calculated using the formula [2]

27 v, +V,,
or in relative quantities
szl(l_ 1 le(nvx] ®3)
where p = 2 , & is the coefficient determined by the ratio of the

1-2¢
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rotation center maximum displacement to the vessel length.
The position R, of the pivot point relative to the rotation center is

determined by a well-known formula R, = _Vi.

.

z

For the steady motion of the vessel, this formula can be reduced to the
form

_%GMZ 1
*OF, 0w, (I+AX)

or in relative quantities

oMM, 1 1 4
oF, 0w, L (1+Ax)

Equations (3) and (4) determine the dependence Rmia = (V) shown in
Fig.1.

As can be seen from the obtained results, an increase in speed leads to a
shift of the rotation center relative to the gravity center/middle frame
forward and a shift of the pivot point relative to the rotation center
backward.

This leads to the fact that the sum of these movements Rmid varies in a
much smaller range.
So, for the entire range of forward speeds, the pivot point position

relative to the middle frame is within Rme = (0:25=0.4) a4 for the entire
range of reverse speeds, the pivot point position relative to the middle frame
is within Rme =(0,2-0.25)

Pivot point is always within the vessel's hull, forward of the middle
frame.
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Figure 1. Dependence pivot point position from the longitudinal speed

The results of the mathematical modeling showed that taking into
account the dependence Rumia = f (V) in the formation of controls allows

to reduce the deviation of the actual circulation from the expected one by
23%.
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Abstract.This paper is devoted to the analysis of the specific focuses, directions,
and peculiarities of the Strategy of Artificial Intelligence Development in Ukraine.
Keywords: artificial intelligence, ChatGPT

Anomauin. [lana cmamms npucesuena awanizy KOHKpemHux hoKycis,
nanpsivkie ma ocobnusocmei Cmpamezii po3UmKY WMYYHO20 [HMEIEKMy 8
Vkpaini.

Kniouoei cnosa: wimyunuii inmenexm, ChatGPT

Artificial intelligence (Al) plays a more and more important role in the
different fields of human activity.

Scientists and experts are expecting revolutionary results with Al
development and implementation in medicine and healthcare, transportation,
science, education, military and defense, manufacturing, agriculture, space
exploration, and different services [1].
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This paper is devoted to the analysis of the specific focuses, directions,
and peculiarities of the Strategy of Avrtificial Intelligence (Al) Development
in Ukraine (AIDU Strategy).

The main paper’s components are:

- an analysis of the current state of the justification, development, and
governmental approval of the National Strategy of Al in Ukraine;

- key elements and main priority areas of Al implementation according
to the Institute of Artificial Intelligence Problems’s (IAIP) project “Strategy
for Al Development in Ukraine” [2];

- proposals for Al development in short- and long-term perspectives and
features of the Al implementation in Ukraine during the current wartime.

Special attention is paid to such focuses in Al research and development
as:

(a) the design of Al systems based on conscience conceptions;

(b) new solutions in intelligent robotic systems for ground, underwater
and aerial applications;

(c) Al perspectives in the marine industry;

(d) prospective Al implementation in education;

(e) linguistic competency of Al systems.

This paper aims to the analysis of the main focuses of the AIDU
strategy. It is very important for consolidation and concentration of the
research efforts for implementing Al in priority areas.

The main peculiarities of the developed AIDU Strategy, priorities in Al
implementation, and prospective research directions in the Al field are
focused on and discussed in detail.

The result of the “Strategy for Al Development in Ukraine”
implementation should be dealt with the creation of breakthrough
technologies in the field of computer science and artificial intelligence as
well as the creation of conscious Al-powered computers that make decisions
considering ethical, moral, and legal norms.

At the next step, future research must be dealt with software and
hardware development, testing and implementation of proposed new-
generation intelligent systems with Al based on the conscience conception.

Another important direction is the development of linguistic
technologies, particularly those providing semantic text analysis that
manifest the emergence of linguistic competency of an artificial personality.

Besides, the authors analyzed and underlined the most important fields
for Al implementation in Ukraine, as well as, developed, formalized and
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justified priority practical-research directions for future successful Al results
and achievements, in particular:

- five main directions in intelligent robotics [3] based on application of
large language models (LLMs), Augmenated Reality (AR) technology and
others;

- two main directions in the marine industry based on increasing
efficiency of Al-based ship safety monitoring systems which involve Al
algorithms and advanced digital sensors [4] to detect and analyze potential
hazards in real-time operations, using Digital Twins technology and others;

- six main directions in the education sphere based on LLMs ChatGPT
and GPT-4 application, as well as, the efficiency of training students in the
Al field at the university level may be significantly increased in the
framework of specialized integrated education environments [5] such as
multi-university (academic) consortia and academic-industry consortia.

Scientific efforts must be concentrated on intensive Al research in the
abovementioned directions to increase the role of Ukraine in the world as a
high-technological country, strong marine country and country with high-
caliber standards in education.
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Anomauin. B Oocniodicenni posensidacmocs 0emeKkmyeants He 3a O0ONOMO20I0
Ccneyianizoeanux cucmem 3 Kamepamu 6Ucokoi po30inbHoi 30ammocmi, a Ha 6asi
306padicens (pomoepagii). Hane docniodicennss ckonyeHmpogane na 0emexmyeanHi
NOWKOOMHCEHL OOPOHCHLOLO NOKPUMMSL 34 OONOMO20I0 300PAdCEHb MA OPIEHMOBAHE
Ha iX BUKOPUCTNAHHS HA MOOIIbHUX NPUCTPOSX.

Kniouosi cnosa: oemexmysanti nOwKo0IiCeHb OOPOIAHCHLO2O NOKPUMIMNS

Abstract. In the study, detection is considered not with the help of specialized
systems with high-resolution cameras, but on the basis of images (photographs).
This study is focused on the detection of road surface damage using images and is
oriented towards their use on mobile devices.

Keywords: detection of road surface damage

3rinHo 3 gocmipkeHHAMH A0 20% yciX JOpOXKHBO-TPAHCIIOPTHUX
TIPUTO]] Y BCHOMY CBIiTi BiZIOYBarOTHCS Yepe3 TOraHi JOPOKHI YMOBH, a came
yepe3 AeexTH, o BUHUKAIOTH Ha ac(haabToOBOMY MOKPHUTTI [1].

[epeBaxHy YacTHHY MOIIKOPKCHb JOPOKHBOI'O MOKPHUTTS MOMIIUBO
BH3HAYUTHU Yepe3 XapaKTepHi Bi3yalbHiI O3HAKH, TOMY IS 33]]a4a € OKPEMIM
BHIIAQJKOM 3a/avi JETEKTYBaHHSA O00’€KTiB Ha 300pakeHHi. TpeHmoMm
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CBOTOJICHHS ISl IAHOTO KJIacy 3a/1a4 € BUKOPUCTaHHS METOJIB TIIMOOKOT0
HaBuaHHA [2]. B JociikeHHI pO3MIIAAAEThesl JETEKTyBaHHS HE 3a
JIOTIOMOT'OI0  CTIEIiali30BaHUX CHUCTEM 3 KaMepaMH BHCOKOI PO3AiIbHOI
3MaTHOCTI, a Ha 0a3i 300paxeHb ((otorpadiit). JlaHe mocmiKEHHST
CKOHIICHTPOBaHE Ha JIETEKTYBaHHI IOMIKOKEHb JOPOKHBOTO MOKPHUTTS 3a
JIOTIOMOT 00 300pakeHb Ta OPIEHTOBAHE Ha iX BUKOPUCTAHHS Ha MOOIITBHUX
TOPUCTPOSAX. B SKOCTI BXiMHMX JaHHUX JUIsl TPEHYBAHHS MOJET OOMPAaInCh
BUKJIFOYHO JIaHi 3 BIIKPUTHM JOCTYIIOM. B pe3ynbraTi mpoBeseHoro anamizy
0yno oopano Road Damage Dataset 2020, sikuit BKITtFoya€e 300paskeHHs JOPIr
BiJ[pa3y 3 NEKIIIbKOX Pi3HUX JEpKaB.

B nanomy mataceri 0 KOXKHOTO 300paskeHHSI JTOJA€ThCs aHOTAIls 3
TUNIOM TIOIIKOMKCHHS Ta HOro MiCIleM 3HAXOKCHHS Ha 300paxkeHi (Y
BUIIIS/I KOOPJIMHAT OOMEXYBAIIbHOT paMKH).

B pamkax pgaHoro mocii/pkeHHs Oyino TpoaHalli30BaHO JAEKiJbKa
CyJaCHHX Ta TONMYJISPHUX MoOJeieldl HEHPOHHHX MEpek, SKi ChOroJHI
BUKOPUCTOBYIOTbCSL Ul BHpILICHHsI 3a/a4 3HaXO/DKeHHs  JieekTiB
JOPOXXHBOTO MOKPUTTA. 3a pe3ynbTaTaMu JIOCIIDKEHHS Oyno NpUHHATO
PpIllIEHHS] BUKOPUCTOBYBATH MOJiesib HeHpoHHHX Mepexxk SSD MobileNet [3],
sKa J03BOJIIE 3 IOPIBHSAHO HEBEIMKMMH 3aTPUMKaMH Ta BHMOTaMH [0
amapaTtHOro 3a0e3ledyeHHs 3HAXOJAMTH Ta KiacuikyBath 00’€KTH Ha
300paxkenHi. HaBuanus Mopgeneld npoBomwiocs 3acobamu TensorFlow
Object Detection API 3 migTpuMKOIO anapaTHOroO MPUCKOPEHHS 32 PaxyHOK
rpagidHoro npuckoproBaua, mo niarpumye Texuonoriro Nvidia CUDA, sika
3HaYHO NPHCKOPIOE BUKOHAHHS MATPHYHHUX ONEpallii, TaKHX SIK Omeparie
3roptku (convolution) Ta 00’eaHaHHs (pooling).

Mopnenb HelipoHHOI Mepexi Ha ocHOBI SSD MobileNet nHaBuanacs 3
novatkoBoro mBuakictio 1 = 0.0033, koedinientom 3aryxanus y = 0.95 Ta
iTepamiero 3aBepmeHHs 3aryxaHHi ] = 9000. limepmapamerpu Momeni
BHKOPHCTOBYBAJIUCH Ti XK CaMmi, IO 3alpOonoHOBaHi 6a3oBoro Mozaem o SDD
MobileNet y 30ipuuky mopmeneit TensorFlow. B nmanomy Bumaaky, s
(iHANBHOTO HABYAHHS THUMYAcoBE 30UTBIICHHS MIBUIKOCTI HABYaHHSA HE
BHUKOPHCTOBYBAJIACs, OCKUIBKM TOMEPENHI eKCIEPUMEHTH IOKAa3aIH TipIry
CTYIiHb IOJAJBIIOrO HABYAHHS MOJENi Ta dacTi POo30LKHOCTI (QyHKINT
BHUTpAT NPU HaBUAHHI. 3a pe3yIbTaTaMi HaBYAHHS OYIIO TPOBEICHO OIHKY
TOYHOCTI Mojeni. BusBuiocs, mo mig gac TpeHyBaHHsA Fl-mipa iHKOIHM
nepeBuIIyBaia 3HaueHHs 0.5. Y cepenHbOMY HMOKa3HUK MIipH TPHMaBcs Ha

3HauenHi 0.42. Ha TecToBili MHOXHWHI cepefHiil Toka3HuK F1-Mipu mocsras
0.3.
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Anomayis. [Ipononyemocs 3acmoco8y8ans iHMeNeKmyanbHo2o Ynpaeiinta O
VCYHEHHSI NOBepXHegux Oeekmis npokamy 3a OONOMOZOI 6000CHPYMUHHOL
MexXHON02Ii Ha OCHOBI padianbHOi 6aA30601 MepedxCi, AKA OYIHIOE MPUBATICIb CUSHALY
Hanpyau, Kepyiouoi muckoM CmpyMeHio.

Knwouosi cnosa: sodocmpymunna mexHonoeis, Hewimka —Klacugikayis,
iHmeneKmyanbHe YnpasiiHHs

Abstract. It is proposed to apply intelligent control for the elimination of surface
defects of rolled products using water jet technology based on a radial basic
network, which estimates the duration of the voltage signal controlling the jet
pressure.

Keywords: water jet technology, fuzzy classification, intelligent control
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TexHomorist BomocTpymMunHoi 06pobdku (Water Jet Technology, WIT) —
1[e BUPOOHHUYHMIT MPOIIEC, Y SIKOMY BHKOPHCTOBYEThCS CTPYMiHb BOIH a0o
pO3YMHY TIiJi BUCOKAM THCKOM, I1HOII B TIOENHAHHI 3 aOpa3sWBHUM
MatepiaigoMm (rizpoaOpazuBHa 0OpoOKa), Ui OOpOOKH TOBEPXOHb abo
pizaHHs pi3HOMaHITHMX MaTepiaigiB. WJT MmHMpPOKO BHKOPHUCTOBYETHCS B
METaJI000pOOHIN,  aepPOKOCMIiYHIH, aBTOMOOUTBHIA Ta  EIEKTPOHHIM
TIPOMHCIIOBOCTI.

[epeBaramu WIJT 00poOku € 1i yHiBepcaibHiCTh Ta TOYHICTE. WIJT
MOKE 00pOOJISITH MIUPOKHIA Tialla30H MaTepiaiiB, BiJl METAJIB J0 TUTACTHKA,
pu4oMy 3a0e31edyBaTi BUCOKY TOUHICTh Pi3aHHS 3 MiHIMAJIbHUMH 30HAMHU
BIUTUBY TEIUIa, [0 BUIISETHCS.

Lle € mepeBaroto Ui MatepialiB, YyTJIMBUX IO TEIUIA: MiHIMI3YIOThCA
pu3MKH AedopMaliii Ta 3MiHH BIaCTUBOCTEH MaTepiany. Takox, Ha BiAMIHY
BiJl TPAIMIIIHHUX METOMIB TEPMIUYHOIO pPi3aHHS Ta MEXaHIYHOI O0OpPOOKHU
noBepxonb, WJT BUKITIOUa€E yTBOPEHHsI HEOE3MEUHNX BUIMApPIB Ta BIAXO/IB,
110 POOUTH HOT'O EKOJIOTIYHUM.

3acrocyBaHHs iHTeNleKTyanbHOro ympasiinas y WIJT moxke cnpustu
MiZIBUIICHHIO  SIKOCTI  NPOAYKIi, MPOXYKTHBHOCTI, TOYHOCTI  Ta
eeKTUBHOCTI Tpolecy 00poOKH, 3HIKEHHIO BUTPAT HAa EHEPTilo, MaTepialu
Ta 00CIIyrOByBaHHS.

InrenekryanbHa cucreMa ympaeiainas WJT wMoxe Oyru HaBueHa
pO3Ii3HABaTH pi3HI THIM OOpOOJIOBAHMX MarepialiB, IO JO3BOJIUTH
aBTOMAaTUYHO HAJALITOBYBATHCH Ul ONTHMaJbHOI OOpOOKM MatepiaiiB
PI3HUX THIIB.

Cucrema ympaBiiHHS YCYHEHHSM ITOBEPXHEBUX Je(EKTIiB CTajeBOro
npokary 3a goromorord WJT BOJOCTpYMHHHOI TEXHONOTII € KOHBEEPOM
IHTeNeKTyalbHUX Mojesei [1].

B 3anexHocti Bif HewiTkoi Kiacuikaiii TOBIIMHM IedekTiB 3a iX
KOJbOPOM 3 YypaxyBaHHSIM 3pOCTAaHHS aOpasWBHUX BJIACTUBOCTEH
000pOTHOrO PO3YMHY 3 IUIMHOM dacy , pafialbHO - Oa3mcHa Mepexka
BH3HA4Ya€ 3aBJaHHA HeoOXimHoro THCKy po3umHy mpu WIJT o6pobui mo
(PBM) BepxHi cTaeBoro mpokKary.

Hacrymaa PBM omiHIOE TpHUBAJiCTh CHTHATY KEpPYyIOUOi HANPYTH IS
BUKOHAHHS 3aBJaHbh 3MiHHM THCKY TOAa4di pO3YMHY Kpi3b IKUKIEPH
AHAJIOTIYHO PIlIEHHIO HaBEACHOMY B [2].

3anporoHoBaHMl CHOCIO, HA BiOMIHY BiJ TOIIMPEHUX, BPAXOBYE 3MIiHH
a0pa3uBHUX BIIACTHBOCTEH PO3UMHY 1 € TIEPCIIEKTHBHOIO TEXHOIOTIETO.
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Crioci®O Moke OyTH BHKOPHCTaHO JJIsl PI3HUX BHIIB IHTEIEKTYaJbHOI
WIT 00poOku 3 BUKOpUCTAHHSIM aOpa3uBy:

- 3aKpYIJIEHHS TOCTPUX KpaiB;

- nuTiyBaHHS Ta MOJIPYBaHHS CKJIJHUX TTOBEPXOHB;

- 3HATTA 33AUPOK 1 OYMIIEHHS 3BaPHUX IIIBiB;

- MiATOTOBKA IMOBEPXOHb MOPCHKUX CY/IEH /10 HAHECEHHS IOKPHUTTSL;

- BUJAJICHHS BiJIKJIaJIeHb 3 KOpaOeIbHUX T'BUHTIB, OETOHHUX MIOBEPXOHB;

- BUCOKOTOYHA BOJSIHA pi3Ka METaJIiB.

Mana rabapuTHiCTh Mojesel J03Bojsie peanizoBaT pimenHs B 10T-
CTPYKTYpi iHTeneKTyanpHol cucremu ynpaniinHsa WIT mponecamu pizaHHs
a00 00poOKM  TOBEpxHI  MarepianiB y BHUIIAAI  OIOKETHOTO
MIKpOKOHTpOJIEpa.
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MOJIEJIIOBAHHS JIHTBICTUUHUX 3MIHHUX TA ® YHKIII
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Abstract. The proposed approach can be used when solving the problem of
complex classification of satellites, taking into account the majority of
heterogeneous features.

Keywords: complex classification of satellites

Anomauis. 3anpononosanuil nioxio modice 6ymu GUKOPUCMAHUL NPU BUPILEHH]
3a0aui  KOMNAeKcHoi  Kuacugikayii cynymHukié 3 ypaxyeawHam  Oinvuwocmi
DI3HOPIOHUX O3HAK.

Knrouogi cnosa: komnnexcna knacughixayis cynymuuxie

The modern approaches to the classification of satellites were analyzed
in the article, the relevance of the use of the fuzzy logic apparatus and the
main stages of solving the given problem using the theory of fuzzy sets was
determined.

The first stage of the process of fuzzy derivation — fuzzification of input
variables — establishing correspondence between the specific (usually
numerical) value of a separate input variable of the system of fuzzy
derivation and the value of the membership function of the corresponding
term of the input linguistic variable was considered.

After that, specific values of membership functions for each of the
linguistic terms used in the prerequisites of the fuzzy inference system rule
base must be determined for all input variables [1,2].

The features of the classification of satellites, which can be obtained
both from the analysis of a priori and a posteriori information about
satellites, and can be numerical, categorical or linguistic, was determined.

It is possible to classify satellites according to the information that
precedes their launch and the information that is available for analysis after
its launch.

Thus, it is possible to distinguish a priori (before launch) and a posteriori
(after launch) features of classification, which, in turn, can be direct and
indirect [3].
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The initial information before launch for classification is the satellite
launch plan. Information from the satellite launch plan can be about the
stated purpose of the satellite, the launch site (cosmodrome), the type of
launch vehicle that will be used to launch the satellite, name of satellite, the
customer of the satellite, the developer of the satellite, configuration of the
satellite, launch mass of the satellite, estimated (warranty) period of
operation of the satellite, type of orbit etc.

The need to define linguistic variables and their linguistic terms for those
features of the classification of satellites that can be presented in a linguistic
form was substantiated.

The choice of the method of constructing the membership function of a
fuzzy set of defined features of the classification of satellites, which can be
presented in a linguistic form, was justified.

Thus, using the theory of fuzzy sets, the linguistic variables of some
features of the classification of satellites were formalized and an example of
the calculation of their membership functions was given.

The following steps in the classification process are: finding the degrees
of truth of the simplest statements based on the given values of the input
parameters; calculation of the truth of the prerequisites of the rules;
determination of membership functions of each of the conclusions for the
general linguistic variable; unification of membership functions through the
construction of their maximum; obtaining a specific value of the output
variable.

The proposed approach can be used when solving the problem of
complex classification of satellites, taking into account the majority of
heterogeneous features.

References

[1] O. A. Khorozov Application of fuzzy logic for telemedicine systems,
Kybernetyka y vychyslytelnaia tekhnyka, VD «Akademperiodyka» NAN Ukrainy,
No. 2, 2017, pp. 36-48. doi: : https://doi.org/10.15407/kvt188.02.036

[2] T. A Zheldak, L. S. Koryashkina, S. A. Us, Fuzzy sets in management and
decision-making  systems,textbook, = Dnipro, 2020, 387 p. URL:
https://ir.nmu.org.ua’handle/123456789/156356

[3] O. O. Pisarchuk, Modeling of situational management and identification
processes in energetic information and management systems, Bulletin of ZhSTU,
Technical  sciences, No. 4 (71), 2014, pp. 98-105 URL:
http://eztuir.ztu.edu.ua/bitstream/handle/123456789/2197/17 .pdf?sequence=2

89



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

V]IK 621.396:519.15

MOBYJAOBA IHTEJIEKTYAJIbHOI CHCTEMHY BU3HAUYEHHSA
XAPAKTEPUCTHUK I'EOIIOJIIMEPIB 3 BUKOPUCTAHHSAM
BATATOKPUTEPIAJIBHOI'O AHAJII3Y TA JJAHIIOI'IB
MAPKOBA

Dr.Sci. O. Iapko!0000-0001-02579%0] ' py D 1, Jloya 2[0000-0002:0426-2943
Ph.D. A. [Ilapko?[0000-0002-6350-7189, Ph D. JI. Crenanumicop3[0000-0001-5027- 2213]
Ph.D. T. Hryen*, Ph.D. ]I, Tpau*, , Ph.D. K.ByukoBcbia °[0000-0002-6869-1392]
Ph.D. B. JIe?[0000-0002-6350-7189]
Xepconcvra deporcasna mopcvra axademis, Yrpaina,
2Texniunuit ynicepcumem 6 Jlibepyi, Qecvra pecnybnixa,
8 Xepconcoruii nayionanvnuii mexuivnuil ynisepcumem, Yxpaiua,
4Yhm@epcumem Hsuanea, B’ emnam,

8 JToozuncoxuii mexniunuii ynicepcumem, Ilonvua
EMAIL:katarzyna.ewa.buczkowska@tul.cz sharkoartem@seznam.cz,
longsuvp90@gmail.com dmitro_step75@ukr.net xiemnt@ntu.edu.vn

alexandr.vladimirovich.sharko@gmail.com

BUILDING INTELLIGENT GEOPOLYMER
CHARACTERISATION SYSTEM USING MULTI-CRITERIA
ANALYSIS AND MARKOV CHAINS
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Anomauia. I[lpeocmasneni acnekmu 6USHAYEHHA MEXAHIUHUX B1ACMUBOCTHEl
2€0NoNiMepie ma iX 63a€MO036 ’A30K uepe3 MEXAHi3M CIMPYKmypOymeopeHHs 0Oynu
NOKIAO0eHi 8 0CHO8Y no0OYy008u mampuyi nepexionux timogipHocmel. Bemarnognero,

wo obpobka yiei mampuyi Memooom po3paxyHky Jnanytoeie Mapkosa 0o3eonsae
BUBHAYUMU 3HAYEHHS 6A206UX KOeDiyicHMIG.

Kntouosi cnosa: mampuyf nepexionux iimosipnocmeil, ranyio2i Maprosa
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Abstract. The presented aspects of determining the mechanical properties of
geopolymers and their relationship through the mechanism of structure formation
were used as the basis for the construction of the matrix of transition probabilities. It
was established that the processing of this matrix by the method of calculation of
Markov chains allows to determine the value of the weighting coefficients.

Keywords: matrices of transitional probabilities, Markov chains

MonentoBanHs  (Pi3UKO-MEXaHIYHUX 1 TEXHOJOTIYHHMX BIIACTHBOCTEH
reornoJiMepiB  IPOBOJAMIOCH 3 BUKOPHUCTAHHSIM TiOpuHOi peanizaiii
GaratokpuTepialbHOI onTUMi3alii Ta JaHmorie Mapkosa.

[IpeacraBneHo  BUpIlIEHHS  aKTyaJdbHOI  NPOOJEMHU  CYy4acHOro
MaTepialo3HABCTBA Ta OYMiBEIBHOI Taly3i pO3POOKU ONTHMAIILHOTO CKIay
reonojiMepiB Ha OCHOBI OOpOOKM eKCIEepHUMEHTaJbHUX JaHuX 3a
JIOIIOMOTOF0 JIaHIIOriB MapkoBa Ta 0araToKpUTEpialbHOIO aHAJI3Y.

['eononimMepu 1e HOBWEl Kiac OyHiBEJIbHUX MarepialliB, NMPHU3HAYCHUX
JUIs 3aMiHU OPTIaHALIEMEHTY.

[lpakTyHe 3acTocyBaHHs — pe3yNbTaTiB  JIOCHIDKEHb 3  OLIHKK
reornoliMepHUX cymimiei i3 3aJJaHUMH (hiznKo-MexaHIYHUMU
BJIACTHBOCTSIMH ~ OOMEXKYETbCS ~ EMIIIPUYHUM  MHiIOOpPOM  CKIanxy
reornoIiMepHUX KOMIIOHEHTIB Ta BCTAHOBJICHHSIM J(iala3oHIB iX BapitOBaHHs
[1,2].

OCHOBHOIO OCOOJIMBICTIO TJI00aJIbHOT ONTHMI3alii Uil BCIX MapamerpiB
reornoJiiMepiB € BUCOKa OOUYMCIIOBANIbHA CKIAIHICTh ILUILOBUX (YHKIIIH,
OCKLJIBKH JUIsl OUTBIIOCTI MPAKTHYHUX 3a/1a4u ONTUMI3allii aHATITHYHI BUpa3u
IpaHUYHUX (YHKIIH HEBIJOMI.

KonekTuBHE TNpPUAHATTS pillleHh HAa OCHOBI KIJBKICHUX 1 SIKICHUX
KPHUTEPIiB € OCHOBHUM HAITPSIMKOM JIOCIiJKEHb.

l'iOpuaHa Monenb MOYMHAETHCS SIK CHUCTEMA, sIKa BHKOPHCTOBYE OAWH
ABTOHOMHHI METOJ, i 3aKiHUYEThCA SK CHCTEMA, SIKa BUKOPHUCTOBYE 1HIINI
METOI.

Meroto poOOTH € HE TIIbKH JOCTIDKEHHS (PI3UYHHMX 1 TEXHOJOTIYHUX
mmapaMeTpiB Pi3HUX T'€OMONTIMEPHUX KOMITO3HIIIH, ane i MOACTIOBaHHS LHX
BIIACTUBOCTEH 3a JOMOMOIOI0 OaraTOKpHTEpialbHOI oOmTHUMi3amii Ta
naHIoriB Mapkosa.

B skocti MartepiamiB st DOCIIIKEHHS BUKOPUCTAHO (Pi3MKO-MEXaHIIHi
Ta TEXHOJOTIYHI BJIACTHUBOCTI TEOIONIMEpiB: X KINBKiCHI 3HaYCHHA Ta
MpiOpUTETHI HMOBIPHOCTI OCHOBHHX XapakKTEPHCTHK, SIKi B KiHIICBOMY
MICYMKYy BH3HAYalOTh BAaroBHH CKJIaJ KOMITOHEHTIB cyMimi. HaBemeHo
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TEXHOJIOTII0 BHPOOHUIITBA TI€OMOJIMEPIB, iX pELEeNTypHI BIACTHBOCTI,
XIMIYHAH CKJIaJ 1 CTPYKTYpY, SIKI € OCHOBOIO BXimHOI iH(popmarii mis
JOCITiKeHHs! (DI3MKO-MEXaHIYHHUX Ta TEXHOJIOTTYHHUX BIIACTHBOCTEH.

[IpencraBneni acrmeKTH BH3HAYEHHS MEXaHIYHUX  BIIACTHBOCTEH
reornosyiMepiB Ta iX B3a€MO3B’SI30K 4epe3 MEXaHi3M CTPYKTYpOYTBOPEHHS
OyJH MOKJIaJIeHi B OCHOBY MOOYJOBU MaTpUIIi MEPEXiHIUX HMOBIPHOCTEH.

BcranoBieno, mo o00poOka 1i€i MaTpulli METOJIOM PO3PaxyHKY
JIaHIOTiB MapKoBa JI03BOJIsiE BU3HAYUTH 3HAYEHHS BaroBUX KOE(illi€HTIB.

KokHOMY craHy mnapameTpiB, L0 XapaKTepH3yIOTh iHQOpMaliiHy
CUTyal[ll0 BH3HAYEHHS MEXaHIYHHX BJIACTUBOCTEH TeomnoyliMepiB Juis
3aaHol peuenTypu iX MPHUrOTYBaHHs, MPUIHCYETHCS TIEBHA HMOBIpHICTb,
sIKa 3alUCYEThCA Y BUITIAMIL JTiHIT MAaTPHUIIl CTaHy.

bnykanHs cucteMu 1o ii cTaHaX OMHUCYETbCA MATPHULICIO IHTEHCHBHOCTI
a00 MepexoiB CHCTEMH.

VY mpoueci aHamizy Marpulli CTaHy BCi MOXJIMBI CTaHM MapameTpiB
NEepPEepPaxoByIOThCI 3 1X HMOBIPHOCTSAMH, TOOTO MU MaeMO CHpaBy 3i
CTOXaCTUYHOI) MATPHUIECI0 TepPeXoiB, Hadip BEKTOPIB YCEepeIuHi KOl
BiJI0Oparkae 3HAUSHHS KMOBIPHOCTEH MiXK rpaallisiMu.

Ha ocHoBi pe3ynbratiB saHmorie MapkoBa Ta pe3yiabTaTy po3paxyHKIiB
MeToJaMH 0araToKpuUTepiaibHOI ONTHUMI3alii Mo0yI0BaHO KOHLENTYAIbHY
MoJedb TriOpuaHOl  peamizamii  Ta oprpad B3aeMOIiii  OCHOBHHUX
XapaKTEePUCTUK TeONONIMEPY B PeaIbHOMY Yaci.
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OITUMAJIbHI BEKTOPHI IHOOPMAIIIMHI TEXHOJIOI'Ii HA
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Abstract. Applications profiting from optimum vector information technologies
based on the multi-dimensional combinatorial theory providedata mining
technologies and big vector data processing, data analysis and system security,
signal compression and reconstruction, vector computing and telecommunications,
and other branches of sciences and advanced information technologies.

Keywords: Intelligent information technology, IRB, torus coordinate system, big
data, optimum vector data coding system, category, attribute.

Anomayisn. [Jooamxu, wo ompumyoms npubymox 6i0 OnmuMaibHUx 6eKmopHux
iHGhopmayitinux mexHonocil, 3ACHO8AHUX HA OA2AMOSUMIPHIL KOMOIHAMOPHIT
meopii, 3a6e3neuyiomv MexHoNo2ll IHMEeIeKmyanbHo20 aHauizy Oanux i o6pooKy
BENUKUX BEKMOPHUX OAMUX, AHANI3 OAHUX [ Oe3neky cucmemu, CMUCHEHHA ma
DEKOHCMPYKYIIO CUSHAIIG, 6EKMOPHI OOYUCIEHHs ma MeleKOMYHIKayii ma inwi
2anysi HAyKu ma nepedosi iHhopMayitini mexHono2ii.

Kniwouosi cnosa: inmenekmyanona ingopmayiiina mexnonozis, \RB, mopuuna
cucmema KOOpOUHAm, GeNuKi Oawi, ONMUMANbHA GEKMOPHA CUCMEMA KOOYBAHHS
OaHux, Kamezo0pis, ampuoym.

Big vector data information technology, as known, is able to define as a
software-utility that is designed to analysis process and extract the data from
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extremely complex and large data sets, which the traditional data processing
software could never deal with.

For example, in global review [1] authors discuss and itemize this topic
from three aspects according to different information technical levels of big
spatial vector data management.

This paper deals with application of multi-dimensional combinatorial
configurations for improving the quality indices for vector information
technologies with respect to memory economy, transformation speed and
security (e.g., big vector data processing), using remarkable properties of the
configurations, namely, Ideal Ring Bundles (IRBs) encoded from “perfect”
symmetry and asymmetry geometric ensembles [2].

Multi-dimensional IRBs make available to configure intelligent
information or telecommunication systems providing generate the maximum
number of distinct vector sums of consecutive terms in the combinatorial
configuration [2]. For instance, in the case of two- dimensional (t=2)
coordinate system it is a coordinate grid of sizes m1 x m, covered surface of
usual torus with (0,0) common reference point.

my - (010)

Figure 2. Two- dimensional (t=2) vector data coordinate system of
sizes my x my covered surface of usual torus with (0,0) common reference
point

Regarding a coordinate system based on the two- dimensional (t=2)
Ideal Ring Bundle {(1,0), (0,1), (0,2)} encoded from the 7-fold (S=7)
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rotational symmetry, we have a torus surface coordinate grid with sizes my x
m, =2x3, where m;=n-1=2, m,=n=3 [2]. This system provides 2D vector
data coding by two (t=2) categories of three (n=3) attributes (Table 1).

Table 1. 2D vector data coding system by two (t=2) categories of three
(n=3) attributes

No Categorv  Attribute Digit weight Digit weight  Digit weight

index index (1.0) (0,1) 0.2)

1 1 1 1 1 0

2 0 1 0 1 0

3 1 2 1 0 1

4 0 2 0 0 1

5 1 0 1 0 0

6 0 0 0 1 1

Table 1 contains a set of six (mix mp = 2x 3 = 6) 3-digit (n=3) binary
code words for 2D data storage, transmission and processing, each of them
have information about two (t=2) indexed data set. For example, attribute
with digital index “1” and category with index “1” respond to code word
“110”, because {(1,0) +(0,1)}={1,1}(mod m1, mod m;), where m; =2, m;
= 3; attribute with digital index “0” and category with index “1” - to code
word “010”.

Category with digital index “1” and attribute with index “2” respond to
code word “1 0 17, where {(1,0) + (0,2)}={1,2}(mod m;, mod m,). Category
with digital index “0” and attribute with index “2” respond to code word
“0 0 17; category with digital index “1” and attribute with index “0” - to
code word “1 0 0”. Finally, category with digital index “0” and attribute
with index “0” respond to code word “0 1 1”. So, vector code based on the
IRB {(1,0), (0,1), (0,2)} make it possible to organize intelligent information
technology for 2D vector data processing over combinatory two-digital sets
of indexed arbitrary categories and attributes, taking in account two (t=2)
categories and three (n=3) attributes. Theoretically, there are infinitely many
intelligent IRB ensembles. Accordingly, increasing the number bit depth
and dimension of optimum t-dimensional torus IRB-codes provides lowered
use computer time and memory due to vector data processing by t categories
of attributes concomitantly [2].

Applications profiting from optimum vector information technologies
based on the multi-dimensional combinatorial theory provide for example
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data mining technologies and big vector data processing, data analysis and
system security, signal compression and reconstruction, vector computing
and telecommunications, and other branches of sciences and advanced
information technologies.
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Abstract. The article is devoted to the implementation of data mining purposes
related to the astronomical processing configuration parameters during invocation
to the image processing pipeline. The ThresHolds tool in scope of the CoLiTec
software was successfully installed as the main astronomical image processing
pipeline in the different observatories.

Keywords: data mining, processing pipeline, dataflow, configuration
parameters, XML.
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Anomauia. Cmamms npucesuena peanizayii yinet iHMeNeKmyaibHo20 aHanizy
O0aHUX, NO8 SA3AHUX 3 nNapamempamu Kougieypayii acmporomiunoi 06podku nio uac
36epHeHHsT 00 KOHeeepa 0Opobru 300padxcens. Inempymenm ThresHolds y pamkax
npoepamnoco 3abesnevenns CoLiTec 0yno ycniwno 6cmanogieno sK OCHOGHUL
KOHBEEP 00POOKU ACPOHOMIYHUX 300PAXNCEHb Y PI3HUX 00CEPEAMOpisX.

Knrouosi cnoea: inmenexkmyanvhuil aumaniz OaHUX, KOHEEEP 00OpOOKU, NOMIK
oanux, napamempu konghicypayii, XML.

The complex scientific processing pipelines are required to implement
the different image processing and machine vision tasks.

In common words, the processing pipeline is a set of data processing
modules connected in series, where the output of one module is the input of
the next one.

The modules in pipeline are often executed consequently one by one and
rare in parallel or in time-sliced fashion. Also, there are different buffer
storage can be inserted between the modules to save the intermediate results
or processing data.

For our research we have selected the astronomical scientific software
for detection the moving objects in a series of CCD-frames called
“CoLiTec” [1], which implements the image processing pipeline.

Such software performs almost all astronomical image processing tasks,
like filtering, brightness equalization, background alignment, image
stacking/segmentation, object detection, motion detection, object
astrometry, object photometry, object’s image and motion parameters
estimation, machine (computer) vision of the reference objects to be
cataloged [2], object recognition and others.

CoLiTec software realizes the different knowledge discovery in
databases and data mining approaches, like pre-processing, clustering,
classification, identification, processing, summarization [3].

CoLiTec software is a very complex astronomical system for the big
data sets processing, which includes the different features, user-friendly
tools for the processing management, results reviewing, integration with
online astronomical catalogs and a lot of computational components and
modules that are based on the developed mathematical methods.

Totally, the CoLiTec software consists of more than 30 mathematical
and processing modules/components related to the different stages of the
image processing that included to the common processing pipeline.
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Each such module/component has a lot of configuration parameters to be
set for the proper image processing and tuning the processing results.

All relationships between processing modules and components in the
CoLiTec software are based on the predefined contracts as a stable form of
the input description for the module processing.

Under the research in scope of the CoLiTec project we have developed
the ThresHolds tool for the following data mining and processing tasks:

- mining the astronomical processing configuration parameters;

- classification, managing and validating of the astronomical processing
configuration parameters;

- visualization for the end user; preparing the batch of required
configuration parameters for the appropriate stage in processing pipeline of
the big astronomical data from the different storages and archives.

The ThresHolds tool realize the different data mining tasks, like
receiving, storing, selecting, preprocessing, transforming, useful data
extraction, classification, and knowledge discovery in databases (KDD) [4].

The ThresHolds tool was developed as a part of the CoLiTec software
[5]. It was tested during several years after successful installation in scope of
the astronomical image processing pipelines on the different observatories.
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Abstract. This study addresses two problems in the development of an 10T device
for temperature control and audio monitoring inside a beehive. A new portable soft-
/hardware complex of the affordable was developed employing automatic
configuration (autonomous / network) at the system start.A web-based mobile user
interface was designed to support the decision-making

Keywords: 10T for temperature control, software and hardware complex

Anomauin. 'V yvomy O0ocniodxcenni po3ensioaiomecs 08i npobiemu 6 po3podyi
npucmpoto 10T Onsa konwmponio memnepamypu ma MOHIMOPUHZY 36VKY 6CepPeOUHi
eynuxa.. Pospobneno mnoguil 0ocmynHuti NOPMAmMueHull NPOSPamMHO-anapamHuil
KOMNJIeKC 3 BUKOPUCHIAHHAM A8MOMAMUYHOZO0 HANAWNMY8aHHs
(asmonomHo20/Mepedces020) npu 3anycky cucmemu.Beb-inmepgeiic MobinbHo20
Kopucmygaya 6ye po3pobienuil 0Jist RIOMPUMKU NPUTIHAMMSL PildeHb

Knrwuosi cnosa: 10T ona xonmponto memnepamypu, HpocpaMHO-ANapamHuil
KOMNJIeKC

Honeybees are crucial pollinators for natural ecosystems and

contributors to sustainable development targets such as the quantity and
quality of food, nutrition, medicine, inclusive communities, forest
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conservation and regrowth, healthy and diverse ecosystems, innovation and
inspiration, biofuels, and economic opportunities [1].

Some apiaries experience high mortality due to factors such as natural
disasters and internal beehive issues. These can include floods, fires,
droughts, extremely cold temperatures, honeybee starvation, and honeybee
queenlessness. For instance, approximately 38 % of beekeepers’ colonies in
the United States died between October 1, 2018, and April 1, 2019.
However, very few control systems have been developed to notify
beekeepers and minimize the impact of negative external and internal
factors on the beehive. Approximately 35 % of bee colonies support 75 % of
crops worldwide, and hence even a small success rate in the survival of
honeybees implies a large global benefit.

Existing devices employ various sensors (e.g., temperature, humidity,
sound, piezoelectric transducer, motion, and flame) to monitor parameters
inside and outside a beehive. Inside the beehive, climate control
(temperature mainly, but humidity as well) and audio monitoring (mostly
amplitude and frequency) are emphasized.

However, some commercial products are quite expensive. For instance,
the Beewise Beehome costs USD 400 per month for 24 bee colonies as of
May 2023. In addition, some devices are relatively large (e.g., a Bee Board
module is approx. 30x20x5 cm) and require special external installation.

This study presents a prototype of an Internet of Things (10T) device for
temperature control and audio monitoring inside a beehive. The main
hardware components are the ESP8266 NodeMCU board [2] (approx.
USD 2), temperature sensor DS18B20 (approx. USD 1), BESTEP 3.3V
trigger relay (approx. USD 2), Keyestudio microphone sound sensor
KS0035 (approx. USD 3), two 8 W portable waterproof heaters (approx.
USD 4 for two pieces), enclosure (approx. USD 1), breadboard and wires
(approx. USD 1).

The size of the box is approx. 85x85x44 mm, and it does not require any
special installation.

The external power supply, for example, solar panels with batteries or
power grid lines, depends on the apiary location; hence, its price is not
initially considered.

A WiFi router is an optional device that connects ESP8266 NodeMCU
boards and the beekeeper’s Android smartphone. Thus, the basic price of the
kit is approx. USD 14, which is an affordable competitive level.
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KS0035 : ESP8266 NodeMCU Triggerrelay
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Local area network, + State of the heaters (ON/OFF)
access point o Temperature
o Maximum sound value
o Info about “a bee fanning
noise” if found

Figure 1. System soft-/hardware structure

This study addresses two problems in the development of an loT device
for temperature control and audio monitoring inside a beehive. A new
portable soft-/hardware complex of the affordable price of USD 14 was
developed employing automatic configuration (autonomous / network) at
the system start.

A web-based mobile user interface was designed to support the
beekeeper’s decision-making using information about the state of heaters
(ON/OFF), the temperature, the maximum audio signal in a FIFO queue of
100 elements inside specific beehive (the mobile app activity shows a list of
beehives at the beginning), and a bee fanning noise if it is detected.

The soft-/hardware complex is composed of two parts — Java Android
application (smartphone Doogee S96 Pro with Android 10 OS and IP68
dust/water resistance is employed in this prototype) and ESP8266 node
microcontroller unit with temperature sensor DS18B20, BESTEP 3.3 V
trigger relay (Keyestudio 5 V relay KS0011 also showed the operability in
experiments), Keyestudio microphone sound sensor KS0035, and two 8 W
portable waterproof heaters. The smartphone and microcontroller are
connected via a WiFi router (ZTE ZXHN F663N in this prototype; see
Figure 1).
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Abstract. In this paper, five methods used to build a binary classification model.
Classification results analysis showed that none of the classification methods could
predict the correct result in three cases out of 39 controls. Among the machine
learning methods tested, LDA and GLM showed the highest accuracy. The model
allows future yields to be predicted in advance and can support optimal investment
and marketing decisions.

Keywords: optimal investment and marketing decisions

Anomauin. 'V yvomy ooxymenmi n'sime memoois, GUKopucmanux 0si no6yoosu
MmoOeni Ginapnol knacugpixayii. Ananiz pesyibmamis Kiacugixayii nokaszas, uwo
Jrc00en 13 Memooie Kknacugiixayii ne mie nepeddauumu npasuwibHULlL pe3yibmam y
mpvox eunaokax iz 39 koumpoavrux. Ceped npomecmosaHux memooié MauuHHO20
Hasuanua Hatiguwy mounicme noxkaszaiu LDA i GLM. Mooens 0o360.4€ 3a30anezios
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nepedboauumu  ManuOymui  00xo0u ma Modce RIOMpUMYeamu  ONMUMATbHI
iHgeCmuyitini ma MapKemuH2e08i PiuleHH .
Knrouosi cnosa: onmumanvhi ingecmuyitini ma MapkemuH208i pilieHHs

Grain production in Ukraine is one of the main sectors of the economy
that ensures national food demand and a stable inflow of money to the state
budget.

In 2019-2021, the average annual grain production in Ukraine reached
75 million tons, while the average annual exports during this period
amounted to 50 million tons [1].

At the same time, cereal production has fluctuated significantly due to
the effects of changing climatic factors.

Climate change over the last 30 years has led to changes in cultivated
cereals’ diversity and geography [2-4].

In Ukraine’s Chernozem and Polissia regions, the production of heat-
loving crops such as corn, soybean and sunflower has increased.

In this study, statistical climate and wheat yield data for the period 2000-
2021 for the Sumy, Kharkiv, Poltava, Kyiv, Cherkasy, and Vinnytsia
regions, which are located in the Chernozem zone of the forest-steppe in
Ukraine were used.

Wheat growth has a decisive influence on yield [3].

The average decadal temperature values for April, May, and June and
monthly amounts of precipitation for this period were used for assessing the
climate impact on wheat yield.

Analysis of wheat yield dynamics in various regions of Ukraine over the
last 22 years shows that yields have been increasing [1].

However, the upward trend in grain yields is accompanied by significant
yield fluctuations, mostly caused by the influence of weather and climatic
factors.

For example, consider the wheat yield fluctuations in the Cherkasy
region: the largest negative deviations from the yield trend were observed in
2003, 2007, 2017 and 2020 (Figure 1).

A linear trend model is used to model yield dynamics

tr, =a, +ta,. 0
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To make an interval forecast of yield, it is necessary to check the
hypothesis about a normal distribution of detrended yield eps

eps, =y, — 1. )
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Figure 1. Wheat yield dynamics in the Cherkasy region. The dashed line is a
linear trend. Dotted lines are high and low yield boundaries. Author's
calculations according to [1]

For making investment decisions and planning agribusiness logistics, it
is necessary to predict future yields in terms of “high yield” - “low yield”.
The main task of this study is to estimate low yield values for wheat.

The “low yield” group includes yield values with probability p < 0.33.
To bring a classification approach to yield estimation, a binary variable epsl
is introduced.

It takes only two values: 1 (“low yield”) and 0 (“high yield”). At the
same time, the value of the variable epsl is determined by the rule (3).

1,if F(eps)<0.33;
epsl:{ ( P )<

0,if F(eps)>0.33. )
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The following indicators are used for evaluating the performance of the
classifiers were built: the error matrix, the overall accuracy of the
classification, the sensitivity of the classification, the specificity of the
classification and the area under the ROC curve (the criterion for classifier
evaluating).

In this paper, five methods were used to build a binary classification
model. Classification results analysis showed that none of the classification
methods could predict the correct result in three cases out of 39 controls.

Among the machine learning methods tested, LDA and GLM showed
the highest accuracy (Table 1). The model allows future yields to be
predicted in advance (three months in advance) and can support optimal
investment and marketing decisions.

Table 1. Quality Criteria of machine learning techniques

Accuracy Sensitivity Specificity AUC

LDA 0.872 0.545 1.000 0.684

SVML 0.821 0.364 1.000 0.727

SVMR 0.769 0.636 0.821 0.983

RF 0.769 0.455 0.893 0.973

GLM 0.872 0.545 1.000 0.688
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METO/] BE3/IPOTOBOI IIEPEJAYI 305PAKEHbD 3
BUKOPUCTAHHSM HEHPOMEPE K

Dr.Sci. B. Cmiocap, H. Bixyx
Lenmpanvruil hayko80-00CaiOHUTl iHCmMUmMym 036po€eHHs Ma GIllCbKOBOI MexHIKU
30pounux cun Yxpainu, Yrpaina

Abstract. This paper proposes an optimized approach for image transmission
from Unmanned Aerial Vehicles using split autoencoders and super-resolution
techniques. The autoencoder, partitioned between the UAV and receiver, compresses
and reconstructs images, saving energy and bandwidth. Super-resolution methods
are applied at the receiver to counter quality loss from compression, enhancing the
reconstructed images. The combined approach improves image transmission
efficiency and quality, suggesting considerable enhancements for UAV-based remote
sensing and monitoring applications.

Keywords: UAV, wireless networks, encoder, decoder, CNN

Anomauin. 'V ybomy OOKYMeHmMI NPONOHYEMbCS ONMUMI308AHULL NIOXIO Oz
nepeoaui 300padcicenHsi 3 OE3NLIOMHUX NIMATLHUX ANAPAMIE 3 GUKOPUCTIAHHIM
PO30LNeHUx asmoKo0epie i Memooie HA0BUCOKOI po30inbHOI 30amHocmi. Aemokooep,
po3sdinenuti mioe BIIJIA ma npuiimauem, cmuckae ma peKoHCMPYIOE 300padlCenHs,
3a0WaodxcyIOHU enepeito ma nponyckHy 30amuicms. Memoou Hadsucokoi po3dineHol
30AMHOCMI 3ACMOCOBYIOMbCSL 8 NpuiMadi 0isl 3anobicanns empami s5KOCMi 6i0
CMUCHENHsl, NOKpAuwylouu peKoHcmpytogani 306padicents. Kombinosanuii nioxio
nokpawye epexmugnicmo i sKiCmb nepeoavi 300padicents, NPONOHYIOUU 3HAYHI
600CKOHAIEHHS NPOSPAM OUCMAHYILIHO20 30HOY8AHHA MA MOHIMOPUHZY HA OCHOSI
BIIVIA.

Kniouosi cnosa: BI1JIA, 6e30pomosi mepeoici, kodep, oexodep, CNN

The use of unmanned aerial vehicles (UAVs), commonly known as
drones, has become increasingly popular in recent years. These versatile and
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manoeuvrable devices have been used in various applications, from
commercial uses such as delivery of goods and aerial photography to more
important tasks such as surveillance, disaster relief and environmental
monitoring.

One of the most important uses of UAVs is to collect data, especially
visual data, which can provide valuable insights into various phenomena.

Transmitting high-quality images from UAVs over wireless channels can
be challenging, however. High-dimensional image data generated by UAVs
can be large and difficult to transmit efficiently, especially over wireless
networks. To solve this problem, researchers have proposed an optimised
approach to UAV image transmission using split autoencoders and ultra-
high-resolution techniques.

The proposed approach primarily uses a split auto-encoder, where the
encoder is installed on board the UAV and the decoder is located at the
receiving end (Fig.1).

The encoder significantly reduces the size of high-dimensional image
data by converting it into a compact, lower-dimensional representation of
the hidden space, or "latent space".

However, compressed images suffer from a certain loss of quality when
they are restored by the decoder. To solve this problem, ultra-high-
resolution methods were introduced. Using techniques such as SISR and
GAN. Essentially, it learns to match low-resolution images with their high-
resolution counterparts [1].

The proposed approach has several advantages for commercial and
mission-critical UAV applications. Using split autoencoders and ultra-high-
resolution techniques, high-quality images can be efficiently transmitted
over wireless channels.

This can be particularly useful for real-time aerial surveillance, remote
sensing and other applications that require high-quality images to be
transmitted from UAVS.

The approach can also help reduce the power consumption of UAVS,
which can extend their flight time and increase their operational range. In
addition, the approach can help reduce the bandwidth requirements for
image transmission, which can be particularly important in situations where
network bandwidth is limited or expensive [2].

In conclusion, the proposed approach for UAV image transmission using
split autoencoders and ultra-high-resolution techniques is a valuable
contribution to the field of image transmission.
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Figure 1. The block diagram of the method for wireless image transmission
utilizing neural networks

It has the potential to significantly improve the efficiency and quality of
UAV image transmission, which could have significant implications for
real-time aerial surveillance, remote sensing and many other applications.
With more data and training, the system can be continuously improved,

making it an exciting area of research.
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Abstract. According to the results of the experimental analysis, a parametric
model is obtained based on the observed input and output signals.
Keywords: parametric model, ship's steam boiler

Anomauia. 3a pe3ynbmamamu eKCNEPUMEHMANbHO20 AHANIZY OMPUMAHO
napamempuymy Mooeib Ha OCHOBL CHOCMEPEN’CYBAHUX GXIOHUX [ BUXIOHUX CUSHATIS.
Knruosi cnosa: napamempuyna mooens, CyOHO8ULL NAPOSULI KOmei

The necessary step in solving problems of controlling nonlinear dynamic
systems is obtaining their adequate mathematical models.

This process is based on theoretical or experimental analysis of the
properties of these systems.

According to the results of the experimental analysis, a parametric model
is obtained based on the observed input and output signals.
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In the system of neural network identification the determination of the
parameters of the ship's steam boiler (SSB) occurs after the submission of a
single jump on the task channel (u).

The identifier in the form of a trained neural network is configured to
determine the values of the parameters of the control object and found
during an active experiment on SSB.

The neural network (NN) makes it possible to identify the noisy signal of
the acceleration curve with minimal time and without repeated experiments.

Next, information about the mathematical model of the object is sent to
the adapter (layer NN), which is trained to determine the optimal settings of
Pl and PID - controller in the parameter control system of the ship's steam
boiler operating in steady and transient mode of operation.

The training of NN was carried out according to the methodology [1]
and tested during simulation experiments in the MatLab package.

The computer model of the trained NN is given in [2].

The identification of SSB parameters can be considered as the process of
applying the vector of input parameters to the input at the time t and
obtaining the vector of output parameters at the output.

Parametric identification presupposes finding the type of mathematical
model of the object with the output, and the parameters of this model that
satisfy the condition of minimization of the model error [3].

The NN identified the parameters of an auxiliary ship steam generator of
the Clayton 4.7 with a steam output range the 260-4700 kg/h at working
steam pressure 0.4 - 2.8 MPa through the channel "fuel consumption - steam
pressure”.

The mathematical model in the form of a transfer function over the
control channel has the form, which was obtained in virtual experiments on
the ship emulator program “Steam Engine Room Simulator” [3] and the
determination of the optimal settings for the Pl controller were obtained:

0.65 ,oss

W) =51

M)

Interference or external noise is superimposed on the control channel.
Approbation of the NN system for identifying the parameters of the Clayton
4.7 auxiliary steam generator through the channel "fuel consumption - steam
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pressure” shows that the output signals of the experimentally obtained
mathematical model and the calculated NN are quite close (Fig.1.).

A P,MPa|

06 | R il B
~
b

5 10 15 20 pi] Ls

Figure 1. Comparison of the NNN training process for determining SSB
object parameters on the "fuel consumption - steam pressure" channel: 1-
NNN acceleration curve; 2- acceleration curve of the object

The NN is well trained in the process of parametric identification.
However, it is obvious that if the input signal of the dynamic system is
changed (for example, when step is replaced by a sine wave), the output
signal will also change, and the formation of a new training sample will be
required.

A new training sample for NN can be obtained during the operation of
SSB in different steam modes with the help of a ship monitoring system
equipped with a database of saved values of SSB parameters.
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Anomayia. Posenadaemovca  inmenekmyanvhe YRpasninua — Oe3nepepeHuM
npoyecamu, 1020 OCHOBHI KOMNOHEHMU, d MAKONHC MOOeNi WMy4HO20 [HmMeNeKmy,
SAKI MOJHCYMb NPOSHO3Y8AMU NOBEOTHKY be3nepepsHUX npoyecis.

Knrwuoei cnosa: inmenexmyanvre ynpasninns, 6e3nepepsHi npoyecu

Abstract. Intelligent management of continuous processes, its main components,
as well as artificial intelligence models that can predict the behavior of continuous
processes are considered.

Keywords: intelligent management, continuous processes

[HTenekTyanpHe yOpaBIiHHSA € MIOXOAOM [0 YIPaBIiHHS, SKe
BHUKOPHUCTOBYE METOAM 1 TEXHOJNOTii IITYYHOTO IHTENEKTY U TPUHAHSITTS
pilmeHs 1 KepyBaHHS TIpOLIECAMH, SIKi TPHBAlOTh Oe3mepepBHO abo
MPAaKTHIHO 0e3 TepepBH, 3 IIBUIICHHAIM e()eKTHBHOCTI, 3HIDKEHHIM
BHUTPAT Ta JOCSITHEHHSIM Oa’kKaHMX Pe3yIbTATIB.
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OmHuM i3 OCHOBHMX KOMIIOHEHTIB TIPOLECY IHTEIEKTYaJbHOTO
yrpaBiiHHS € 30ip NaHuX, 1€ IHTeNeKTyalbHa cHcTeMa 30WMpae naHi 3
JaT4YHKIB, JUKEPEN AaHUX, 0a3u AaHux, [HTepHeTy TomIo.

Jam orpumaHi JaHi MiJJIAIOTHCS aHaNi3y 3a JOMOMOTOI aJTOPUTMIB
MAIIMHHOTO HABYaHHA Ta IHIIMX METOJIB LITYYHOTO IHTENIEKTY, NI00
orpumary iHdopmarito, 3p03yMiTH MATEPHU Ta TEHJICHIII.

Ha ocHoBI aHaii3y JaHuX HTENIEKTyallbHa CHCTEMa NpHiiMae pillleHHs .

HacrynHuii OCHOBHMII KOMIIOHEHT - Ii¢ YNpaBiiHHA. [HTeNneKkTyaibHa
CHCTEMa BUKOHYE YIPABIIHCHKI [Iii, BUKOHYE DIllIEHHS, KOHTPOJIOKOYH
TIPOLIECH 1 CUCTEMH, JJIS IOCSTHEHHs Oa)KaHUX pe3ynbTaTiB.[HTENeKTyanbHa
CHCTEMa MOXKE CTeXHTH 3a NapaMeTpaMy IpoLecy, NaT4MKaMyd BUHOCY Ta
CTaHOM OOJiaaHaHHs. BoHa MOXe mepen0adyuTH MOKIHBICTD TMOJNAMKUA 200
3001 Ta mormepemKaTH MPO TEXHIYHI MPOOJIEMH, IO TO3BOJISIOTH BYACHO
NPOBECTU OOCITYTOBYBaHHS Ta 3aro0irTd BUPOOHUYHMM 3aTPUMKaM.

JJist iHTEeNeKTya IbHOTO YIIpaBIiHHS Oe3MepepBHIUMH MPOIIECAMH MOXYTh
BUKOPHCTOBYBATHCSA Pi3HI MOJENI IUTYYHOIO IHTENEKTy, $Ki 34aTHI
aHaJi3yBaTW JaHi, 3HAXOAWUTH WIAOJNOHHM, TpUAMATH pIlIEHHS Ta
MPOTrHO3yBaTH MOBEAIHKY mpoueciB. OfHa 3 HANMNOTYXKHIIIMX MOJeNei
LITYYHOTO IHTEJIEKTY - HeWPOHHI MEpexKi, SIKl 3/1aTHI BUMTHCS HA MPUKIAIAX
1 3HAXOUTHUCS B CKJIQJHUX BiJHOCHHAX MDXK JaHMMHU. PekypeHTHI HeHpOHHI
MepexXi BUKOPUCTOBYIOTH JUIsi aHamizy Ta OOpoOKM JaHuX, fKi
3yCTpiYaroThCs B O€3MepepBHUX MPOLIECAX.

Bonn  MmawTh  3haTHicTh  30epiraTé  MONEpEIHI  CTaHW  Ta
BUKOPHCTOBYBAaTH iX Il OOpOOKHM HOBHX BXIZHMX JAaHUX, IO POOHTH iX
e(EeKTUBHUMH ISl pOOOTH 3 YACOBUMH PSIAMHU.

BupoOuuui mporiect 4acTo MaroTh TEMIOPAIbHUN 3B’ 30K, SIKI MOXYTb
OyTU MPOTHO30BaHI 3 BUKOPHCTAHHIM TEMIIOPAIBHUX MOJEIEH, SKi € JTyxKe
MOTY)KHUM 1HCTPYMEHTOM [UIS 1HTENEKTYaJdbHOTO YIPaBIIHHS, OCKUTBKH
3a0e3MeuyroTh aHali3 1 MPOrHO3yBaHHA 3MiH y Yaci, M0 € KPUTUIHAM IS
OaraTpox Oe3mepepBHUX mporiecis [1].

VY cyTo BUpoOHHYMX Tpoliecax HeHpoMepeKi MOXKYTh OyTH 3aCTOCOBaHi
JUIA aBTOMATH3allil, KOHTPOIO, ONTUMI3allil Ta MiABUIIEHHS e(pEeKTHBHOCTI
Iii Tporiecis.

OxpiM 3a3HaueHHWX BHIIE HEHpOMEpex UIsI BHPOOHWYHX IIPOIIECIB
BUKOPHUCTOBYIOTBCS TaKOX MeEpexXi 3 pamialbHUM 0azucom TUTS
ampoKcUMAIii CKIaTHUX (QYHKINH, ampoKcuMamnii JaHWX Ta 3MiHCHEHHS
MPOTHO3YBaHHS y BHpPOOHWYMX Tmporecax [2]. Takox mommMpeHUM
CIICHApiEM € BUKOPHUCTAHHS KOHBONIOUIWHWX HEHPOHHUX Mepexki. BoHn
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MOXYTb OYyTH BHMKOPHCTaHi JUIs Bi3yaJbHOTO KOHTPOJIO, BHSBICHHS
nedekTiB Ha BUpobax, aHaJi3y 300pakeHb TOIIO.

[HTENeKTYyanbHE YNpaBIIHHS € ONHIEI0 3 KIIOYOBUX TEXHOJOTIH, sKa
MOXE JIOIIOMOI'TH BHPIIIUTH CKJIAJHI 3aBAAaHHS Ta ONTHUMI3yBaTH PECYpCH
JUISl IOCATHEHHS TTOCTaBJICHNX Mijel. 3aCTOCYBaHHS KOHKPETHHX Mojenel
LITYYHOTO 1HTEJEKTY B IHTEIEKTyaJIbHOMY YIPaBIiHHI Oe3nepepBHUMHU
MIPOLIECAMH 3AJISKUTH BiJl XapaKTEPUCTUK JIaHWX, 3aBJaHb YIPaBIiHHA Ta
KOHTEKCTY 3aCTOCYBaHHS.
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Annotation. The article is devoted to the realization of the data mining approach

related to the metadata of astronomical files from the big archives. Each
astronomical file has the commonly defined structure, which contains the especial
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format of the metadata. Such metadata contain the necessary astronomical
information, which is required for the proper storing, data mining, processing,
analyzing under research. The Telescope tool was developed during research under
the CoLiTec project and was tested with the astronomical files from several archives
on the different observatories. Also, the Telescope software was successfully
implemented and installed on the astronomical image processing pipelines in such
observatories.
Keywords: data mining, big data, metadata, database, processing pipeline.

Anomauia. Cmamms npuceésuena peanizayii nioxo0y IHMEIEKMYyaIbHO20
aunanizy OaHux w000 Memaoanux acmpoHOMIYHUX hatinia i3 eenuxux apxisie. Koocen
aACcmpoHOMINHULL  (hailn  MA€E  3A2ANbHONPULIHAMY CMPYKMYPY, SKA  MIiCmumb
cneyianonuii  gpopmam  memadanux. Taxi memadawni  micmame — HeoOXIOHY
acmponomiuny iHgpopmayito, axka HeoOXiOHA ONsl HANENCHO20 30epicants, AHANi3Y
Odanux, 06pobkru, auanizy nio uac oocniodxcenns. Incmpymenm Telescope 6ys
po3pobnenuii nio wac docniodicensv y pamxax npoexmy CoLiTec i npomecmosanuii 3
acmpouomivHumMu Qatiiamu 3 KibKoX apxieie y pisHux obcepeamopisax. Taxooic
npozpamue sabesneuenns Telescope 6yno ycniuino enpoeaoiceno ma 6CmaHo8iIeHo
Ha KOHBeEPax oOPoOKU acmMpOHOMIUHUX 300padiCelb Y MAKUX 06Cep8amopisy.

Kniouosi cnosa: inmenexmyanvuuil ananiz 0anux, eiuxi oami, memaoani, 6aza
oaHux, Koneecp o6poobKuL.

Almost all astronomical frames are made by the CCD-camera and can be
received from the different sources: archives, servers, predefined series of
frames, Virtual Observatories, clusters, etc.

Each software for preparing the astronomical frames creates them as the
digital files in the FITS (Flexible Image Transport System) format [1].

This format is a digital files format for storing and transferring of their
image and metadata (spreadsheets). Metadata is a kind of data, which
provides the information about other data, except the original data content.

The main purpose of metadata is to provide the information about the
different aspects of the original data and to summarize the basic information
about it, which make tracking and processing it easier.

The examples of metadata are the following: time and date of data
creation, its meaning and purpose, creator or author, location, file size, used
standards, sources, quality, etc.

Almost all astronomical frames have a FITS format with standardized
file structure and extension. In the common case the astronomical file
extensions are: *.fits, *.FITS, *.fts, *.FTS, *.fit, *.FIT. Such FITS format is
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commonly used for the transformation, transferring, and archiving of
astronomical data.

The FITS format was developed by National Aeronautics and Space
Administration (NASA) and is accepted as an international astronomical
standard and is used by many astronomical and scientific organizations, like
International  Astronomical Union (IAU), and other national and
international organizations that deal with the astronomy or related scientific
fields.

The FITS format is commonly used for the storing the data without the
image, like spectrums, photons list, data cubes or even structured data, such
as databases with multiple tables.

The FITS format includes many provisions to describe the photometric
and spatial calibration, as well as image metadata.

Under the research in scope of the CoLiTec project [2] we have
developed the Telescope tool for mining the big astronomical data from the
different storages and archives, parsing the metadata from each astronomical
file, and collecting it with the further insertion into the database. Such
parsed data were used for the different purposes of the astronomical image
processing and machine vision.

The Telescope tool realizes the different data mining tasks [3], like
receiving, storing, selecting, preprocessing, transforming, useful data
extraction, classification, and knowledge discovery in databases (KDD) [4].

The following stack of technologies were used for the software
development: C# programming language, .NET platform, Windows Forms
technology and MDB (SQL) database.

The Windows Forms (WinForms) is an open-source and free graphical
library, which is in a scope of the Microsoft .NET Framework and play the
role as a platform for developing the client applications for desktop, laptop,
and tablet PCs. As a database the developers have selected a MDB database
as a native format for the Microsoft Access desktop database management
system with “.mdb” extension.

There are different fields located in several tables of the MDB database
in the Telescope software that represent the necessary for research metadata
of the astronomical file. The Telescope tool was tested with up to 1 million
astronomical files from several archives on the different observatories.

Also, the Telescope software was successfully implemented and
installed on the astronomical image processing pipelines in such
observatories.
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Abstract. The paper describes the development of a system for forecasting

financial time series based on the use of neural networks.
Keywords: time series forecasting, artificial neural networks.

Cyuacui iH(oOpMamiiiHi TexHONOril 1 3aco0M 3B'SI3KY O3BOJSIIOTH
MIPOMABIIIM 1 TOKYIIISIM aKI[ii 3yCTPITHCS HA EJICKTPOHHUX TOPTOBEIBHUX
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Maiimanunkax. Lli >k TexHomorii NPU3BOAATH O 3HAYHOTO 3POCTaHHS
KUTBKOCTI TOMIH, IO BiAOyBAalOThCS B JACAKY OJWHUIIO 4Yacy B Taiysi
enektpoHHol Toprieai [1]. Taki macuBm iHpopMari, a TakoX 3arajibHa
CKJIaJIHICTP Ii€l 00J1acTi 3p0OMIIN SIBHOIO HEOOXIITHICTh CTBOPEHHS CHUCTEM,
0 3aliMaroTHCsl TOPTiBIICI0. 3aCTOCYBaHHS INTYYHHUX HEHPOHHHX MeEpex
(ILIHM) B siKOCTi TONOBHEHHS J1a€ YHIKaJIbHY MOXIIUBICTH 00'€/JHATH 11i JBa
Metoau. Takwii aHami3, Ha BIMIHY BiJ TEXHIYHOTO, HE Ma€ HISKUX
oOMeXeHb 10 Xapaktepy BXigHoi iH¢popMmauii. [lnsg nporHo3yBaHHs
(DIHAHCOBMX YACOBHMX psJIiB MOXJIHMBE BUKOPHUCTAaHHS 0araTonrapoBHX
mepcenTpoHoB [2]. BuKOpUCTaHHS MepeX 13 3BOPOTHUMH 3B'S3KaMH B
JJAHOMY BHWIIQJIKy HEAOIUJIBHO B 3B'SA3KY 3 TPYJHOIIAMH HAaBYAaHHS TaKUX
MepeK 1 HeaKTyaJ bHICTIO OCHOBHUH XapaKTEPUCTUKU MEPEXK 13 3BOPOTHUMH
3B'SI3KAMU - KOPOTKOCTPOKOBOT ITam'sITi.

Y po3pobneHiii cucremi mnpu opraxizamii nponecy HapuanHs IHM,
NpU3HAYEHUX Ul TNPOTHO3yBaHHS  (PIHAHCOBMX  YacOBUX  PSJiB,
BUKOPHCTOBYIOTh HAcTyNHHMH miaxin. HasBHi mpuknaaum po30MBaOThCS Ha
Tpu BHOIpKM: HaBuallbHy, BajijamiidHi 1 TecroBy. HaBuanmpHa BuOipka
NpU3HAYeHa JUIS IiJCTPOIOBAHHS CHHANTHYHHUX KOE(DILIEHTIB HEHPOHHUX
MepexX 3 METOI MiHiMi3alii MOMHJIKM Ha BHXOAI Mepexi. BamipamiiiHa
BHOIpKa BUKOPUCTOBYETHCSI AJIsl BUOOPY HAMKpaIMX 3 JEKLIbKOX HaBUSHUX
Mepex Ta Ul BU3HAYEHHS MOMEHTY 3yIIMHKHM HaB4aHHs. TecroBa BHOipKa,
SIKA HE BUKOPHCTOBYBAIACS Y IpoLIeci HaBYAHH, BUKOPUCTOBYETCS J111st
KOHTPOIIIO SIKOCTI MporHo3yBaHH:A. st BuOOpy pHHKOBOI mo3uii HaxiiiHe
BU3HAUEHHS — 3HAKa  Kypcy OinpII  BaXKJIMBO, HDK  3HWKCHHA
CePE/IHBOKBAPATHIHONO BigxwieHHs. [lommika Mepem TPE/ICTABIIAETCA Y
BUIAAL (QyHKIIT BiZl CHHANTHYHUX KOE(DIIIEHTIB 1 MIHIMI3Y€ThCS OIHHM 3

rpagi€eHTHHUX METOZIB. Tpamuuiiino BUKOPHCTOBYIOTb
CepeaHbOKBAIPATHYHY IOMUIIKY (IT1iICYMOBYBaHHS TI0 BCiX BUXOaX).
1 2
E:EZ(yt_dt) ' ey

Jie y — BUXiJ HeHpOHHOI Mepexi, d - Oa’kaHe 3HaUCHHS BUXOLY.

MeTor0 BUKOPUCTaHHA IPONOHOBAHOI CUCTEMHM IPOrHO3YBaHHS
(iHaHCOBUX psAMIB € OTpUMaHHA 1 Makcumizamis mpuOyTky. [lommiky E
YCepemHIOIOTh 10 BCIX TPHUKIANaX HaBYATBHOI BHUOIpKH, 1 OTpHMaHe
3HAYEHHA  BUKOPUCTOBYETHCS  JUIA  TIJACTPOIOBAHHS  CHHANTHYHHUX
koedimienTiB. CrpsaMOBaHICTh MPOTHO3Y 1 ICTHHHOTO 3HAYEHHS BHpa)keHa
HACTYIHOIO (PYHKIII€IO
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E=—In[l+yd] @)
Ha 6a3i Keras peanizyemo Hacrynny apxitekrypy IIIHM: BXiaHuii map 3
30 HelipoHamu (JOBXXKMHA HAIIOIO BiKHA), TEPUIMH NMpPUXOBaHWU miap 3 64
HelipoHaMu, micisi Heoro BatchNormalization B 3B'si3Ky 3 edeKTiHBH
3aCTOCYBaHHS IPAaKTHYHO Uil Oyab-SKMX 0araTomapoBHX MEpEkK, MOTIM
aktuBaniiina ¢yskuis LeakyReLU. Ha Buxoni po3MicTUMO OAWMH HEHpOH
(mBa s xnacuikaliii), SKAA B 3aJIKHOCTI BiJ 3aBHaHHs (Kiacudikarris
abo perpecisi) Oyne abo maTu softmax Ha Buxomi, abo 3amumuUMo ioro 0e3
HEJTIHIHHOCTI, 00 MaTH MOXKJIMBICTh IPOTHO3YBATH OY/Ib-SKE 3HAYCHHS.
BucnoBkn. HaBenmena cucrema no3Bonsie  peanizyBaT  0a3oBi
MOXJIHMBOCTI 3 moOynoBM Ta HapyanHs IIIHM pgns nmporHoszyBaHHS
(bIHAHCOBHMX YACOBHX PSJIiB B aBTOMATH30BAHOMY PEKUMI.
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FACE DETECTION METHODS IN VIDEO
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Anomauin. Posensinymu memoou usienennss 06'ekmig y gioeogpatinax H.264 ma

3anpoNnoHO8AHO Memoo 8UABLEHHA 00IUY 3a O0NOMO20t0 HeUpoHHOI mepexci SSD ma
6EKMOPI6 pYXy 3 HEKIHOBUX KAOPI6 3 BUKOPUCTIAHHAM Nepeéas CIMUCHYMUX
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gideonocniooenocmell. 3icmagnenHs GUAGTIEHUX [ 6Jce GIOCMENCAHUX PAMOK
00'€Kmi6 8UKOHYEMbCSL 30 OONOMO0K Y20pCbKko2o aneopummy. IIpu mecmyanmst
aneopummy AP docsieae 82.5% .

Knrouosi cnoea: memoou eusenenns 06'ckmis, memoou 2iubOK020 HAGUAHHS,
SSD.

Abstract. Methods for object detection in H.264 video files are considered and a
method for face detection using SSD neural network and motion vectors from non-
key frames is proposed, taking advantage of compressed video sequences. The
matching of detected and already tracked object frames is performed using the
Hungarian algorithm. When testing the algorithm, AP reaches 82.5%.

Keywords:: methods for object detection, deep learning methods, SSD.

BusiBiieHHs 00’€KTiB € (DyHIaMEHTAIbHOIO MPOOIEMOI0 KOMI IOTEPHOTO
30py 1 Ma€ IIMPOKHUIA CIIEKTP 3aCTOCYBaHb.

BusiBiieHHs o0nuyyst iroanHy 3 Gororpadii 10csrino 3Ha4HOro Mporpecy
Ha OCHOBI TJTMOOKOTO HaBYaHHSI.

OnmHak y BHIAAKy BHSIBIEGHHS  BiJIe000’€KTiB,  Oe3mocepesHe
3aCTOCYBaHHS JIETEKTOPIB 00’€KTIB HEPYXOMOI'O 300paKEHHS JI0 KOXKHOTO
OKpPEMOT0 BiZICOKaJpy CIIPUYMHSE HAUTUIIIKOBI OOYMCITIOBAJIbHI BUTPATH Ta
BUMAarae IIOCTOOPOOKH JUIi OTPUMAHHA THMYAcOBOI'O KOHTEKCTY s
OLIBILIOT TOYHOCTI BUSIBIICHHSI.

Tomy nyxe BaxiuBo 3a0e3neynTd e(EKTHBHI METOIM BHSBJICHHS
00JIMYYs Ta BIACTEXKEHHS Y peajbHUX BiJICOTMOCIIIOBHOCTSX 13 CKJIaTHUMHU
CIIEHAMH.

Jnsi  BusiBIEHHS BiJe000'€KTIB  BHKOPHCTOBYIOTh Pi3HI  METOAU
3aXOIUICHHSl  MPOCTOPOBO-YAaCOBHUX  BIJHOCHH, SIKi TOBHOIO  MIpOI0O
BPaXOBYIOTb XapaKTEPUCTHKHU BiJIEO.

Haii0inpm momynspHUMH € METOAM TIHOOKOTO HaBYaHHA. BUSBICHHS
BiIe000'€KTIB MaHUMH METOHAMH JOJAIOTh HENOMIKM Tpamuminaux [1]
METOMIB, Taki K HHU3bKa TOYHICTH Ta HENOCTaTHSA CTIMKICTh IO DKepel
mymy. Ha OCHOBI BHKOpHCTaHHS THMYacoBoi iH(popMarii Ta arperamii
O3HAK, BWIYYEHUX i3 Bi/lcOparMeHTiB, JECTEKTOPH BiIe000'€KTIB MOXKHA
po3ninutu Ha MOTOKOBI [2], 3acHoBaHi Ha LSTM [3], Ha ocHOBi yBaru [4] ,
Ha OCHOBI BiJICT&)KEHHS [S5] Ta 1HIINX METOIIB.

AJle TOJIIOBHMM JOCSATHEHHSIM METOJ(IB 3aCHOBAHMX Ha BIJICTEKCHHS, Ha
BiIMiHY IHIIUX TPYI METOIB BUSIBIICHHA 00'€KTIB, € ()OKYC Ha BiJICTEIKCHHS
00'eXTIB y BileO, a UM HE TMONIMIICHHS IOKaJpOBOTO BHUSIBJICHHS, IO
morpedye 6arato OOYHCITIOBAIIEHUX PECYPCIB.
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B po6oTi 3anpornoHOBaHO BUKOPHCTAHHS METOLY PO3Mi3HABaHHSI 00IHY
B BiZIEOIOCITIZIOBHOCTI Ha OCHOBI KacKaJHOI CTPYKTypH HEHpOHHOI Mepexi
SSD 3 nonepeaHbo MiATOTOBICHUMHU BaroBUMH KoedimieHTaMu Ha HaOopi
mannx WIDER FACE.

OOpana HelpoHHa Mepe)ka BUSBIISIE O3HAKH 00’ €KTa HA JEKOJOBAHOMY
kampi. Jlami BigcTexyBaHHI 00’€KTI 3iCTaBJISIOTHCS 3 HOBOBUSBJICHUMH.
3icTaBiICHHS BHUKOHYETHCS 3a JIOMOMOTOK  YIOPCHKOTO — aJropUTMYy,
3acTocoBaHoro 10 Marpuii loU yciX MOXJIMBHX Map paMoK.

SIKIIO XK TiIe He MPOMIIOB 3a3HAYCHHUI 1HTEpBas 3 OCTAHHBOTO BHSBJICHHS
00'eKTiB, BIIOYBAa€TbCS 3MILIGHHS BXKE BIJCTEKYBAaHHUX paMoOK 3a
JIOTOMOT 010 iH(OpMAIIiT 0 BEKTOpaX pyXy 3 HEKITIOYOBHX KaJpiB.

TakuM 4uMHOM, OTpUMYEThCS iH(pOpMAIs 0 3MileHi 00’ ekTiB, ane 0e3
BUKOPHCTAHHS 3TOPTKOBHX MEPEX Ha KOXKHOMY 3 KajpiB, IO iCTOTHO
3MEHIIYE KUTBKICTh OOYHCITIOBAIbHUX BUTPAT.

3anporoHOBaHUH METO/I BUSBJICHHS 00U Ma€ JBi OCHOBHI MepeBaru:

- 3HAYHO TPHCKOPIOE TIPOIEAYPY OTPUMAHHS O3HAK IS CTHCHYTOI
BiJICOMOCITIIOBHOCTI: MOBHA MEPEKY pO3IMi3HABAHHS BHUKOPUCTOBYETHCS 3
MEBHUM 1HTEPBAJIOM MK KaJapaMH, a Ui BCIX IHIIUX KaIpiB 3aisiHHUNA
MeXaHi3M BiJICTE)KEHHsI Ha OCHOBI iH(pOpMaIlii PO BEKTOPH PYXY;

- Ha BIJIMIHY BiJI ICHYIOUMX METO/IB, L0 CTBOPIOIOTH JIOJJATKOBY MEPEKY
JUISl MOJICTIFOBAHHS PYXY KaJIpiB, BUKOPUCTAHO BCI IepEeBard BEKTOPIB PyXy
BUJILHO JIOCTYITHHUX Y CTUCHYTHX BiJI€OIOCIIIOBHOCTSIX.

HInsxom Moaubikariii 00paHOro METOy BUSIBIICHHS O0JIMY B CTHCHYTIN
BiJICOMOCITI IOBHOCTI JOCSTHYTO HaiOibmoro 3naueHns AP — 82.5%.
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SOFTWARE APPLICATION FOR PREDICTING THE RESULTS
OF PROGRAMMING COMPETITIONS

Kislov M.O., Kislov A.O., Ph.D. Kosenko S.I.
Odessa Polytechnic National University, Ukraine

Annomauin. Y pobomi nasedeno pospo6Ky cmpyKmypu npocpamHo2o 000amKy
0151 GUKOHAHHSL NPOCHO3I6 31 3MA2AHb 3 NPOSPAMYBAHHSL.
Kmiouogi cnosa: npoenosysantisi, cnopmughe npoepamyeaHHsi.

Abstract. The paper describes the development of the structure of a software
application for making predictions from programming competitions.
Keywords: forecasting, sports programming.

B nanwmii yac Bce O11bII AKTYaILHUMH CTAlOTh HANIPSIMKH BHUKOPHUCTaHHS
METO/IIB Ta TEXHOJIOTI} IITYYHOrO HTENEKTY JJIsl BUPIIICHHS NPUKIAJIHUX
3aBJaHb 3 METOI0 aBTOMAaTH3alii AaHANITHYHUX Ta OOYHCIIOBAIBHHX
Ipo1IeciB 3 00poOKH Ta aHam3y AaHux [1].

3aBIAKH BHCOKOMY IIOTEHIIaly HU3KH CYYacHHX 1HTEIEKTYalbHHX
METOMIB aHaJi3y JaHUX, 30KpeMa METOHIB MAIIMHHOTO HABUYAHHSI, CTaBAaTH
MOXXJIMBUM BHUpIIIeHHS 3aBIaHb IPOTHO3YBaHHS 3aJaHUX MapaMeTpiB,
XapaKTepUCTUK a00 TOKa3HUKIB IOACHKOI IisSUTBHOCTI. Y 3B'SI3KYy 3
HEOOXITHICTIO aHali3y IaHWX 3 PI3HUX KOMAaHJA, M0 y CIIOPTHBHOMY
MIpOrpaMyBaHHI 3 METOIO OIHKH MOTEHINally YYaCHHUKIB, BUHHUKAE IMOTpeda
Y BUKOPHCTAaHHI METO/IB iHTEIEKTYyaJbHOrO aHaIi3y iHpopmarii, mo Oyxe
PO3TISIHYTO Y MeXax JaHoi podotu [2,3].

[poekT, mo po3pobIIseThesi, € KIIEHTCHKHM AECKTOITHUM J0JATKOM, IO
CKIIAA€ThCA 3 DALy (DYHKIIOHATBHUX MOIYJIIB, y TOMY YHCIi: MOIYIb
iMIopTy Ta OOpOOKM HaHWX, MOXYTh BiNOOpaKeHHS MaHUX; MOXIYIh
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KoH(QIryparii Ta moOy10BH MoJeseil; MOay/Ib Bizyamizamii rpadikiB OIiHKA
Mozelel; MOIyIIb IPOrHO3YBAHHA IaHUX Ha 0a3i ofileprkaHuX Mojeseil.

JU1st CTpYKTYPHOTO BiZOOpaskeHHsI 3alIeXHOCTEHl y IpOoLeci 3aIlycKy Ta
BUKOPHCTAaHHS IPOTpaMu pO3pOOJIEHO Jjiarpamy pO3TOpPTaHHS IPOrpamHu,
HaBeZIeHy Ha puc. 1.

User PC
T ensorflow PyaQt
Python
3.7 Skileam
Project

PyCharm § NumPy
QtDesigner -

Pandas Matplotlib

Pucynox 1. [liazpama pozzopmanns cucmemu

KoprcrtyBau Mae MOXIMBOCTI IMIOPTY IAaHUX, HEPErisiay HaHUX Y
TaOJIMYHOMY BWIJIAI, BBEISHHS IPOIOPIIi TECTOBOI MHOXWHH, BBEICHHSI
3Ha4YeHb TilepHapamMeTpiB MoOAeNeH perpecii, BHIIAJAKOBOIO JiCy Ta
HelpoMepexi, 3aIycKy Ipolecy HaBYaHHs MOJEINel, eperiiiy pe3ybTaTiB
pobotu Monene#, moOyqoBH Ta meperisiAay rpadikiB OIIHOK MpoLecy
HaBYaHHA Mojened Ta 30epexkeHHA iX y BUNIAN rpadidamx (aiimis;
3MiACHEHHS BBENEHHS JAHUX IS OOYIOBHU MPOTHO3Y 3 BHUAAYCHO BiJICOTKA
IepeMOord 32 KOXHOK 13 CTBOpEeHHX Mozenei. Bci  3amexHocTi
M IKITI0YAI0ThCSA 10 TPOEKTY, M0 3aIycKaeThes y cepenosuini PyCharm y
BUTIAAL O0i0TiOTEK, MOMATKOBO BUKOPHCTOBYEThCA 30BHI mporpama QT
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Designer ams cTBopeHHsS po3MiTKH iHTepdeiicy. CkinanaHHs 3IHCHIOEThCS
3aco0aMu cepeloBHIa po3poOKH Oe3 BUKOPHUCTAHHS JOJATKOBUX ILIATIHIB
Ta KOMIIOHYBAJIBHHKIB. J[g 11OZaTKOBOTO YrpYIOBaHHS —E€JIEMEHTIB
YIIPaBJIiHHS MPOLECOM OOpPOOKH JaHHX BUKOPUCTOBYIOTHCS KOHTEHHEpH
groupBox, 1m0 J03BOJSIE CTBOPUTH 3B'SI3HICTH OCHOBHUX HaNAIITYBaHb
aTpuOYTiB, IO BIMOBIIAIOTH BKIIAJICHAM BiJKETaM.

BucHoBku. PospoOneHuii  nporpaMHME  J0JaTOK  MOXe — OyTH
BUKOPHCTaHO IJIsi OTPUMAaHHS OPIEHTOBHMX NPOTHO3IB MEPEMOr Y4HIB Yy
MIPOBEACHUX OJIIMITialaX Ta KOHKypcax 3 MporpamMyBaHHS.
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IHTEJIEKTYAJII3AIIIAA OIHKA TEXHIYHOI'O CTAHY
CHUCTEM CYJHOBOT'O KOMIIJIEKCY

A. Buuyxanin
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Abstract. The article presents the results of developing a model for diagnosing a
ship complex technical system with incomplete data and its implementation in an
intelligent system for assessing the risk of failures of subsystems, components,
intercomponent links, which allows obtaining a priori information about the
technical condition of a complex system. Types of technical condition of subsystems,
components, intercomponent connections are determined on the basis of diagnostic
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features of a complex system using the example of a ship power plant to assess the
risk of their failures. Predicting the type of technical state of a complex technical
system was carried out using a posteriori inference in Bayesian belief networks. The
model for diagnosing and predicting the risk of failures of subsystems, components,
interconnections can be considered as a conceptual model of an intelligent system
for diagnosing and predicting the risk of failures of complex technical systems on
network infrastructures, which has a relative insensitivity to incomplete
technological data.

Keywords: technical condition, complex technical system, risk of failure,
diagnostics, forecasting, intelligent system, Bayesian belief network, insensitivity to
incomplete data.

Anomauin. Y  cmammi  nagedeHo  pedyrbmamu  po3poOKu  Mooeni
diazHocmysamnHs CyOHO80I CKIAOHOT MEXHIYHOI cuCmeMu 3 HeNnoGHUMU OAHUMU Ma it
peanizayii 6 IHMeENeKMYanbHili cucmemi OYIHKU pU3UKy 6I0MO8 niocucmem,
KOMNOHENMIB, MIHCKOMNOHEHMHUX 36 A3KI6, W0 O00360J8€ OMPUMAMU anpiopHy
inghopmayirto npo mexuiunull cman cKAaoHol cucmemu. Buznaueno euou mexuiunoeo
cmany  niocucmem, KOMNOHEHMIB, MIJCKOMNOHEHMHUX 36 5I3Ki6 HA  OCHOBI
O0laeHOCMUYHUX O3HAK CKIAOHOI cucmemu Ha NPUKIadi CYOHO80I eHepeemuyHol
YCmMaHosKu Ot OYiHKU pu3uKy ix iomos. Ilpocnosyeanns muny mexnHiuno2o cmamy
CKIaOHOT mexniunol cucmemu Oyn0 30iUCHEHO 3a OONOMO20I0 ANOCMEPUOPHO2O
BUCHOBKY 6 Datieciscokux —Mmepedxcax —eipyeans. Moodens  Oiaenocmuxu — ma
NPOSHO3Y6AHHA PUUKY BIOMO8 NIOCUCMEM, KOMHOHEHIMIS, 63AEMO38 SI3Ki6 MOXNCHA
PO321A0AMU K KOHYENMYANbHY MOOeNb IHMEeNeKmyanibHoi cucmemu OiazHOCMUKU
Ma npocHO3YBAHHA PUBUKY BIOMOB CKAAOHUX MEXMIYHUX CUCMEM HA Mepedcesux
iHghppacmpykmypax, sxa mac GiOHOCHY HeYymuugicmv 00 HENOBHOI MEXHONO02IYHI
OaHi.

Knrouoei cnoea: mexuniunuii cman, cKiaoHa mexuiuHa cucmemd, pusux 6i0MosuU,
OlacHOCMUKa, NPOSHO3VBAHMS, [HMENEKMYAIbHA CUCIEMA, OAUECOBCHKA Mepexca
nepeKoHanb, Hewymausicms 00 HeNOBHUX OaHUX.

Diagnostics and prediction of technical condition (TC) helps to reduce
the complex technical systems (CTS) risk of failures of subsystems,
components, intersystem and intercomponent connections at their operation
stage [1,2,3].

The CTS reliability can be assessed by the results of diagnosing the TC,
and the prediction of changes in the TC makes it possible to operate the
systems until signs of a dangerous decrease in reliability appear, while
excluding premature dismantling of components and assemblies, as well as
performing other labor-intensive work that is often of dubious usefulness for
the CTS reliable operation. In artificial intelligence, knowledge
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representation models are actively developing - Bayesian Belief Networks
(BBN), used to diagnose the TC of complex systems [4,5]. One of the BBNs
advantages for vehicle diagnostics is their ability to work with uncertain and
incomplete CTS process data. BBN can be applied to assess the risk of
failures in CTS, providing data and knowledge integration to assess the
likelihood of various failure scenarios and their consequences.

By identifying critical components, evaluating maintenance strategies,
and supporting regulatory compliance, BBNs can help ensure safe and
reliable STS operations. In a formalized form, BBN for diagnosing the TC
and predicting the risk of ship CTS failures contains an acyclic directed
graph G, a set of vertex variables and directed links between them. A
formalized generalized model for the intellectualization of TC diagnostics
and predicting failures risk of FS, FC, FIC and FI (subsystems - FS,
components - FC, intersystem - FlI and CTS intercomponent
communications - FIC) by diagnostic features can be described as follows:

< G,S(C), IS(IC)’ RS(C)’ R
where: S(C), set FS (FC);
I (1), set FIC (FI);

L >,

Is(lc)!

Rs(cys Ri, (1) » set of failures risk diagnostic assessments FS (FC) u FIC
(FI) CTC;
L - mapping relationships between sets S(C),I5(l.),

Rs(cy» Ri, (1) » based on the fault tree of the CTS diagnostic model.

The initial data for constructing an intellectualization model for
assessing the technical condition and predicting the risk of failures of
complex systems on the example of a ship power plant (SPP) based on
dynamic are: PPS principle operation scheme; failure probabilities FS, FC,
FIC and FI CTC.

The set of TS FS, FC, FIC and FI CTC is determined based on the
failure tree, presented as a set of their failure risk (Fig. 1). Symbols of
subsystems, components of the SPP in BBN: Input element - IE; Fire
fighting system - FFS; Compressed air system - CAS; Manual control of the
main engine - MCME; Control system - CS; Remote automated control
system of the main engine - RACSME; Intermediate component - P1; Ship
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power plant - SPP; Main engine - ME; Ballast drainage system - BDS;
Emergency drive propulsion and steering complex - ED PSC; Control
system for propulsion and steering complex -CSPSC; Boiler plant - BP;
Transfer of power from the main engine to the propeller - TPMEP;
Intermediate component - P2; Propulsion and steering complex - PSC;
Output component - EXIT. Tab. 1 reflects the correspondence of symbols on
the fault tree S and FS, FC BBN.

Fl F2
L
L
| s2 | $3 ‘
: [ F3 ] .
[ -
| I
S4 ‘ S5 ‘
[ —J( F6 F7 ) [ ¥s Fa
."jill". ; |'.i...
[ F8 [ F9 F10 ) \ F11 56 ‘ F12 |
[
(k3 ) [ Fia)

Figure 1. Fault tree of subsystems (components), intersystem
(intercomponent) connections of the SPP
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Table 1. Correspondence table S and subsystems (components) BBN

Designation Event characteristics

S1 Violation of the IE element

S2 Violation of the FFS, CAS, MCME
elements

S3 Violation of the RACSME, P1, SPP
elements

S4 Violation of the CS, BDS, BP
elements

S5 Violation of the ME, ED_PSC,

CSPSC elements

S6 Violation of the TPMEP, P2, PSC

elements

The structure of the BBN SPP, shown in Fig. 2, is a multi-level
subsystem location system, consisting of 13 subsystems, 7 levels with the
addition of specialized intermediate nodes P1 and P2, providing the
implementation of a multi-level network structure.

As an BBN example for interconnected power plant units (Fig. 2) IE,
CAS, SPP and interconnections IE-CAS, CAS - SPP, sets of failure risk at
the initial time and taking into account the dynamics of technical conditions
over time based on a priori data on intensities bounce

RWork;53) o =0.

3

R(Not _work55), o =1,

3

R(VVOI’k,E CAS,CAS—SPP /Jt=0 =0 .

R(Not _ worke® cas cas spp)ico = 1;
R((\Norklls 8 )t /(\Alorkilyszg)tfl) =01,

R((Work* _ CAS,CAS_SPP [(Work? " cas.casspp)i1) =01

When modeling the SPP’s BBN (Fig. 2), for various failure risk values
the input component, the failures risk values of functionally interconnected
and interacting FS for 20,000 hours SPP operation were determined (Fig. 3).
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Figure 2. Structure of BBN SPP

The use of the developed method and model, taking into account the
hierarchical levels FS, FC, FIC and FI, when searching for the causes of
failures in complex technical systems, allows us to control failures risk in
systems when information about failures in their structures is received
according to TC. The application of the method and model allows predicting
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trends in the risk of system failures, taking into account changes in
individual FS failures risk of FC, FIC and FI in order to further choose a
strategy for their restoration or replacement.

R 0,9
Py cs
A CSPSC !
0,65 PSC ///
0,6 fe—— / /
I A
L — L=/ /
0,45 / [ /
o B =
/ / - f\\ \
= SRACHVE
o,o.: —_— \ T%R \ FFS \ BDS {

Figure 3. SPP subsystems predictable risk
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IMAGE GENERATION FROM DESCRIPTION USING DEEP
MACHINE LEARNING

Y. Shcherbyna, Ph.D. I. Shpinareva
Odessa I.1. Mechnikov National University, Ukraine

Anomauin. YV pobomi posensinymo numanHs NOKpAujeHHs Memooie 2enepayii
300padicenb 3a ONUCOM 304 OONOMOZ0I0 2IUDOKO20 MAWUHHO2O HAGYAHHA OA
BUDIUEHHA NPUKIAOHUX 3a0a4 CMEOPEHHA KOHMEHNny, maKk i O PO36UMKY
WIMYYHO20 THMENEeKMY SK MEeXHOA02IYHOL 1any3i.

Kniouosi cnosa: 2nuboke mawunne Haguanis, 2enepayis 306padicens, Natural
Language Processing, wumyunuii inmenekm, BERT, Imagen, DALL-E-2

Abstract. The paper discusses the issues of improving the methods of generating
images by description using deep machine learning to solve applied problems of
content creation, as well as the development of artificial intelligence as a technology
industry.

Keywords: deep machine learning, image generation, Natural Language
Processing, artificial intelligence, BERT, Imagen, DALL-E-2.

Meronu reHeparii 300pakeHb 3a TEKCTOBHM OIMCOM Bce OiibIie
NPOHHKAIOTh B IOBCSKICHHE JKUTTSL.

3a JOMOMOrOI0 IMX TEXHOJOIIH CHeIiaicTh TBOpYMX mpodecii
MOXYTh IIBUAKO POOWTH TPHUKIAAXA CIEH U1 KiHO, a00 KOHIIENTYallbHi
3pa3Kd OAATY, & TEXHIYHI CHELiaTiCTH OTPHMAaN MOXIIUBICTh T€HEPYBATH
TECTOBi Ta TPEHYBaJIbHI JaHi JUISI HABYaHHS 1HIIIMX METOAIB KOMI IOTEPHOTO
3opy. Lle mume 0a30Bi mpukimaad, ajme BXKE BOHW IOKA3YIOTh HACKUIBKH
6araTo c(hep HAIIOTO KUTTS MOXKE PO3BHHYTH T€HEpaIlist 300paKeHb.

OcCHOBHIMH TIpoOIEeMaMHu METOMIB TeHepalii 300pa)keHb 3a OIMHCOM €
SIKICTh OTPUMaHHUX 300pa’keHb, MIBHUAKICTH TeHepamii Ta OallaHC MiX
MIBUKICTIO Ta sAKicTio. Came 11i Ipo0IIeMH pO3TISIHYTO B pOOOTI.
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3a OocHOBY B3ATi IIBi CydacHi Mopeni reHepamii 300pa)keHb 3 OMUCY
npupoaHoo MoBor: DALL-E-2, ska po3pobiena kommaniero OpenAl Ta
Imagen pospobnena Google. [lani cucTteMu Juiss CTBOPEHHSI 300pakeHb
BUKOpHCTOBYIOTH Meron andysii. Cepen Biakpurtie DALL-E-2 € HoBHmit
MAXiQ [0 BXiZHUX JaHUX TeHepaTopy 300pakeHb y Bursami Prior
mozeni[1]. OcHoBHe BimkputTs Imagen — Bemuki MOBHI Mojeni JOBOII
TapHO CHpPABIAIOTECS 3 (HOPMYBaHHSM JaHUX JJIsi TeHeparii 300pakeHb
[2,3]. Buxomsiuu i3 1[bOr0 3ampOIOHOBAHA OHOBIICHA MOJIENb, KA BKITIOYAE
HaKKparli sIKOCTi HaBEJEHUX BHUIIIE MOJIEIIEH.

[o-mepme, anst Toro, moO MOKPAIIUTH PO3YMIHHS TEKCTY Ta SIKICTh
reHepariii CKJIaJHUX 300pa)KeHb, 3aMPOMOHOBAHO BHKOPHUCTATH MOJEIb
BERT B mnepmomy Omoui 00poOku TekctoBoro Beoay [4,5]. Ilo-npyre,
3aMpOIOHOBAHO BUKOPUCTATH Preparation MOmyib, 10 BUKOPUCTOBYE aHi
TEKCTOBOTO KOHTEKCTY Ta MiJIrOTOBIIOE IX JuIs reHepaiii 300paxens. Llei
MOJYJb HAJAIITOBAHWH EMIIPHYHO JUIs OTPUMAHHS HaWOIJIbII SKICHOTO
pesynbrary. Ilo-Tpere, 3anpomnoHoBaHo Bukopuctatd wavelet diffusion
model ans renepanii 300paxkeHp 3amicTh 3BuuaitHoi diffusion model. 3a
nociimkenHsiMu  wavelet diffusion Moneni 103BONSIIOTH CKOPOTHUTH 4Yac
reHepaiii 300pakeHb 1 MPHU I[bOMY HE MOTIPIINTH SIKICTh 3T€HEPOBAHUX
300pa)keHb BiIHOCHO 3BM4aiHOl audy3iiiHOI moxmenmi. Wavelet mozeni
NpalfoloTh HE 3 MiKceNsiMH 300pakeHHs, a 3 ixHiMu wavelet
perpe3eHTalisIMH, 1110 JI03BOJISIE CKOPOTHTH Yac 00poOkH [6].

[oBHa apxiTekTypa 300pakeHa Ha puc. 1.

Image generator
Iput —»  BERT Text Encoder ¥ Prenarafion module ¥ (Wavelel difusion —— Output
mode)

Pucynoxk 1. 3anpononosana apximexmypa mooeni cenepayii
300padicens 3a onUcom

Jlnst TpeHyBaHHS MOJIENi BUKOPHCTOBYEThCs martaceT Laion Aesthetics
Ta Horo Bapiarii, OCKUTPKM TIIell JaTaceT MICTUTh HAHOIIBII SKiCHI
300pakeHHsI i3 TeKCTOBUMH ommcamu [7].  Jns  OImiHKKM  AKOCTi
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BHUKOPHCTOBYETHCSl SIK €KCIEepTHa oOIiHKa, Tak i FiD score, mo mokasye
BiJICTaHb M)XK BEKTOPaMH O3HAK peajbHUX 300pakeHb Ta 3TeHEPOBAHUX.
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Kntouosi cnosa: posniznasanns mexcmy, winmyyni Helupomepedici.

Abstract. The paper presents the results of developing the concept of a text
recognition system based on the use of artificial intelligence elements.
Keywords: text recognition, artificial neural networks.

Po3mi3HaBaHHS TEKCTY CBOrOAHI IIMPOKO BHKOPHCTOBYETHCS VIS
KOHBEPTAIlil KHUT 1 JOKYMEHTIB B €JIEKTPOHHHUI BUIJIS, JJIsI aBTOMATH3AIT
cucteM oOmiky B Oi3Heci abo mist myOmikanii Tekcty Ha BeO-cTopinmi [1].
OnTruHe po3Mi3HABAHHS TEKCTY JI03BOJISIE PelaryBaTH TEKCT, 3iHCHIOBATH
MOIIYK cjioBa 4M (pasu, 30epiraTy Horo B OLIBII KOMIAKTHIH Qopmi,
JIEMOHCTpYBaTn a0 pO3JPYKOBYBATH Marepiall, HE BTpayalO4u SKOCTI,
aHaJi3yBaTH iH(GOpMAIlilo, a TAKOXK 3aCTOCOBYBATH JIO TEKCTY €IEKTPOHHUI
nepekial, popmaryBaHHs abo iepeTBOPEeHHs B MOBY [2].

B pamkax MpOIMOHOBAHOTO KOHIICNITY MPOEKTY 3aCTOCOBAHO IITYYHY
HeHpoMepexKy NpsAMOi apXiTeKTypH. BXigHWil map mTydHOI HeHpOHHOI
MepeXi BU3HAayae BXiNHI AaHi. Y HalIOMy BUMAJKy Lie O3HAa4ae€, M0 MU
X0ueMO po30uTH pacTpoBy rpadiky Ha OKpeMi JiTepH, sKi OyayTh
BUCTYNATH B SIKOCTI BXIJHMX JAHHMX JUIS HAlloi HeWpoHHOi Mepexi. J[is
pOro crBoproerhest citka 20 x 20 s KOKHOI OYKBM 1 BUMIPIOETHCS
TOHAIIBHICTH KOKHOTO 3 400 npsiMokyTHUKIB. L{i 3HauenHs TonanbHOCTI (0 =
61l 1 yopHuit = 1) 3aMoBHIOEMO JUTst MO0 00poOKK B 400-BUMIpHOMY
BekTopi. € 0araTo eMmipuYHMX METOMIB Ul BHU3HAYEHHS NPaBHILHOIO
Yyucia HEHpOHIB, Ui BUKOPHCTaHHA B IIPUXOBAaHMX INapax, TaKUX SK
HACTYITHI: KUIbKICTh NMPHUXOBAHMUX HEHPOHIB MOBMHHA OyTH B MeXax Bif
PO3MIpY BXiJHOTO MIapY i po3Mipy BUXIJHOTO LIAPY; KUTBKICTh TPUXOBAHHX
HEeWpoHiB Mae OyTH 2/3 po3Mipy BXIJHOrO ILIapy, IUTFOC PO3MIpP BHXiJHOTO
1I1apy; KiJIbKICTh MMPUXOBAHUX HEHPOHIB MOBUHHO OYTH MEHIIE MOABOEHOTO
po3mipy BxigHOTro mapy. HaBuanHs HEHPOHHOI MEpeXi MOJATae B TOMY, IIIO
Bard 1i 3B'SM3KIB KOPUTYIOTbCSA, MpPH MPEISBICHHI HABYAIBHOI TMapu
(BXiTHOTO BEKTOpa Ta BiJNOBIOHOTO HOMY BHXimHOiI Bekropa). Y mHaHId
cucTeMi HEeHpOHHa Mepe)xa HaBYA€ThCSA 32 METOIOM  3BOPOTHOTO
TOIMpeHHsT MOMWIKU. Ha BXij HeHpOoHHOI MepeXi HaIXOIUTh BEKTOD, SIKUA
BUJIA€ EIIEMEHT, B SKOMY BBOIHMTBHCS MaJIOHOK JitepH. Lleil BekTop
CKIIAIA€EThCA 3 YOTHPHOXCOT eNeMeHTiB. [lopokHIH KIITHI BiAmoBimae
eemerT 0, a 3adapOoBaHOi KIiTHI - eeMeHT 1. Mepeka mpopaxoByeThCA, i
aHANI3YEThCS ~ BUXITHMA  BEKTOp  HEWpoHHOI  Mepexi.  Homepy
MaKCHMAJIBHOTO €IIEMEHTa BIiINOBia€e HOMep posmizHaHoi JiTepu. Lle
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JI03BOJISIE MPABMIIBHO PO3ITi3HATH OYKBY, HaBIiTH KOJIM BOHA HAJXOIUTH Ha
BXin 3 mepemkopamu. [Ipyn Bmi3HaBaHHI cJOBa MOAENb HeHpoMmepeKi
TIOPiBHIOE 3Hal/IEHE CJIOBO 3a CIIOBHUKOM 1 pefiarye Horo nmpu HeoOXiTHOCTI.
BukonyeTbest miepeBipka CloBa Ha HasBHICTH HOTO B CIOBHHKY. ZKIIO € B
CIIOBHHUKY - CJIOBO 30€piraeThcs Tak, SIKIIO HEMAa€ - Mepexi] A0 IMyHKTY 2.
SIknio y cioBa, MaeThCs BIIXWJICHHS TIJIBKH B OJNHY JIITEPY, TO CIIOBO 3
HANOIJBIIIOI0 YaCTOTOK IOBTOPEHHS Oyae MmoBepHyTo. SKIIO y cioBa
pi3HuLs Oinblie HiX B 1 jiTepy, TO MEPEXoaUMO 10 MyHKTY 3.5IKIIo cioBo
Ma€ BiAXWJIEHHS B 2 Jitepu, TO OyAe MOBEPHYTO CIIOBO 3 HAHOUIBIION
YaCTOTOI0 MOBTOPEHHS. SIKIIO CIOBO HE 3Haii/ileHe y CIIOBHUKY TO BOHO
3anumaeTbes.  BucHoBku.  IIponmoHOBaHMH — KOHLENT — [IPOrpaMHOrO
3a0e3MeueH sl J03BOJSE€ 3IIHCHIOBATH TIOJANbIIE TPOSKTYBaHHSI Ta
peatizaiito MOBHOIIHHOI KPOCCIUTAT(HOPMEHOT CHCTEMH JIJIsl BUKOPHCTAHHS
i1 3 METOIO BUPIIICHHS PAKTUYHUX 3aB/IaHb.

Jliteparypa
[1] MepkoB A. B. Po3mi3HaBaHHst 06pa3iB. BBeieHHs y METOIH CTaTHCTHYHOTO
naBuanHs. / A.B. Mepkis. — K.: Enuropian YPCC, 2021. — 256 c.
[2] XKypasnwoB 1O. I. Po3nizHaBanHs. MareMaTH4Hi METO/IM. IPOrpaMHa CHCTEMa.
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DA3IC, 2016. - 176 c.
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cucmemu agmomamusayii npoyecie 06pobKu ma ananizy MemeooaHux 3 Memoio
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Knrouosi cnosa: inmenekmyanvHuti aHaiiz OaHUX, MOOETIOBAHH.

Abstract. The work presents the results of the development of an information
system for automating the processes of processing and analyzing meteorological
data for the purpose of forecasting climate changes.

Keywords: intelligent data analysis, modeling.

Crorozni iHdopManiiiHi TEXHOJOrii aKTHBHO BHUKOPHUCTOBYIOTHCS B
MeTeopoJiorii i poOOTi CHHONTHKIB, TaK SK JO3BOJSIFOTE HE TIJIBKH
aBTOMATU3yBaTU iX poOOTY, a TAKOX MiJBUIIUTH 3PY4HICTh ii BUKOHAHHS i
3HAYHO MTiIBUIIUTHA TOYHICTH PE3YIbTATY.

BukopucTanHs OOYHCIIOBAIBHOI TEXHIKM 1 BIAMOBIZHMX MPOrpam
JI03BOJIsIE BUPIIIYBATH 3aBJIAaHHS METEOPOJIOTii 3 BEJIMKOK TOYHICTIO, IS
3HAYHO OULTBIIMX TEPUTOpiH, MPH LBOMY 3a OLIBII KOPOTKMH TEPMIH 1 3
3aTydeHHAM MEHIIUX JIIOJICBKUX pecypciB. Y 3B'SI3Ky 3 IIUM JaHa Taiy3b
BKpail CHWJIBHO TMOTpedye pO3pOOKH 3pYyYHHX 1 BHCOKOMPOAYKTHBHHX
nporpamHux 3acobax [1].

Yci  enmementH — po3pobneHoi  iHpopMaliiHOI  cucTeMH €
B3a€MOIIOB’I3aHUMH 3 POOOTOIO 3 METEOPONIOriYHUMH AaHUMH. Lle no3Bosie
OTpUMATH TOBHUH OIJIsI MeTeopoiyoriuHoi curyanii. KokeH i3 BapiaHTiB
BUKOPHCTAaHHSI Ma€ CIIeliai30oBaHe MpHU3HAYCHHS, 1 Mae OyTH ONHCaHHUA
1H/IMBI1yaJIbHO, HABEIEMO OCHOBHI 3 HUX JAJIi.

Ilepernsan 3aBaHTa)keHUX HeWpoMepex. sl mepernsany 3aBaHTa)KEHUX
HeWpoMepexk KOpUCTYyBady MOTPIOHO B IHAMIi CaWTy BHOpAaTH ITyHKT
«Heiipomepexiy.

[Ticns mepexoay Ha AaHy CTOPIHKY KOPUCTYBa4 0auuTh TAOJHIIIO 3 yciMa
3aBaHTAXXCHUMU HelipoMepekamu JJ1si 0OpOOKH Ta aHaITi3y METEOAaHHX.

Ha wiii cropiHili KOpUCTYyBa4 MOXKE 3aBAHTOKUTH apxiB 3 Qailnamu
HelipoMmepexi, mnsd mporo Tpebda BKa3aTH fAKYy (YHKIIO BHUKOHYE
HellpoMepexka, 00poOKka METeONaHuX UM iX aHali3, Ta JOJATH OMHUC ii BCIiX
mapis.

[licns 3aBaHTa)XeHHS HEHpOMEpeXKi BOHA IMMIUIATa€ TECTYBAaHHIO B
CHCTEMI, TICJs YOro Pe3yJIbTATH OLIHKK €(EKTUBHOCTI CHCTEMHU OYAyTh
BitoOpakeHi Ha CTOPIHIII.

[epernsx 3i6panux Mereomanux. st mepermsany 310paHuX METeoIaHIX
KOpHUCTYBady MOTPiOHO B MIAMII CalTy BUOpATH MyHKT «MeTeomaHi». [licus
IepexoAy Ha JaHy CTOPIHKY KOPHCTyBad OaduTh TaONHII0O 3 yciMa
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310paHMMH METEOJlaHMMH, AOCTYIHAa (YHKIiS QuIbTpamii, copTyBaHHS.
[epermsaa po3paxoBaHUX MPOTHO3IB.

Jnst meperssimy po3paxoBaHMX NPOTHO3IB KOPHUCTyBady HOTpiOHO B
LIaIi caiTy BHOpaTH IyHKT «Ieperiisyi nporHosisy. Ilicns mepexony Ha
0 CTOPIHKY KOPUCTYBad Oa4yuWTh TaOMUIFO 3 YyciMa MPOrHO3aMHU
METeOJaHUX Ta IOTOJHUX SBUII, AOCTYIHA QyHKIIs BinbTpalii, Nomyky Ta
COpPTYBaHHSI.

[epernsan nanmx B Tabmumsx. KopucTyBau MoXke mHeperyisiaaTd JlaHi
BHBEJICHI B TaOJIMIII HA CTOPIHKAX CEPBICY.

[epmmit psagox Ttabiauii ne psSgoK 3 IMEHaMH CTOBIYHKIB, IIPH
HATHUCKaHHI Ha IM’sl BUKOHYETHCS COPTYBaHHsS TaOmumi B andaBiTHOMY
TIOPSIZIKY 32 IIHM 1M’ SIM.

[lpu mnoBTOpHOMY HaTHUCKaHHI Oyzae BigoOpakeHO B aidaBiTHOMY
HOPSAKY.

[Tomyk. € posmmpeHHsaM iHGOpPMALiiHOI CHCTEMH Ta JO3BOJISIE
BIALIYKYBaTH JaHHI B TaOMMIIX 3a Oyab-fkuM KimodeM. Kimouem Morke
Oyru OyIb-sKuUit TEKCT, OyaAb-TO UU(PPH, CAMBOIHU Ui OYKBH.

OHoBieHHA MeTeojaHuX. Ha cropiHLi meperiasiny MeTEeomaHHX
KOPHUCTYBa4 MOXKE HATHCHYTH KHOIIKY OHOBJCHHS METEONaHUX, e
MPUIACTh CHTHAJ HA CepBep Ta BiH IOYHE BUKAYyBaTH HOBI METEOlaHi 3
pecypciB.

[Ticas oHOBIEHHS cUCTEMa 3allyCKae aJrOpUTM HOLIYKY aHOMaliil B IUX
JaHWX, [Jaji Ha BWIYYEHHX Ta «YUCTHX» JAaHHX CHCTeMa pOOUTb
MPOTHO3YBAaHHS METEOJaHUX Ha HACTYIHI 3 JOOU 1 BiKe IO IIMM METEOaHNuX
CHCTEMa MPOTrHO3Ye€ MOTOHI SBHUIIA.

VYci manHi siKi 0OpOOJIOIOTHCS HAa JaHOMY €Talll 3alucyroThesl B 0a3y
JaHHX.

BucHoBKkw. Pospobnena iHpopMarliliHa cucrema MOXKe
BHUKOPHUCTOBYBATHUCS B SIKOCTI CAMOCTIHHOTO TPOTPAaMHOrO 3aco0y aHami3zy
Ta CIIPOLIEHHS pOOOTH METEOPOJIOTiB, a TAKOX AK JOJATKOBHUIA MPOrpaMHHI
MOIyJb, SKHM MOke OyTH BIIPOBaKEHO OO iCHYIOWOI iH(OpMariitHol
CHCTEMH METEOPOJIOTiYHUX IIEHTPIB.

Jliteparypa

[1] Erampro T. I'pokaem riuboke HaBuanns / T. Exapro — K.: Panok, 2021 — 712 c.
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APPLICATION OF REINFORCEMENT LEARNING IN
SIMULATION OF MULTI-AGENT SYSTEMS
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Odessa Polytechnic National University, Ukraine

Annomauin. Y pobomi nagedeno npoexm nioxooy 3acmocy8aHHsi HAGUAHHS i3
NIOKPINAEHHAM NpU MOOENI08AHH] 0azamoazeHmuux cucmem Ofsl OOCTONCEeHHS
CAMOOP2AHIZYIOHUX 83AEMOOIL.

Knrouosi cnosa: mooeniosanms, Mawunne HAGUAHHsL.

Abstract. The paper presents a project of the reinforcement learning approach
for modeling multi-agent systems for the study of self-organizing interactions.
Keywords: modeling, modeling, machine learning.

TpyroMiCTKUM 3aBHAHHSIM U1 PO3POOKH HEHpoMepex Oe3 BUUTeNs €
pO3po0Ka IITYYHOTrO IHTENEKTY, KWl Mae NpUAMATH Pi3HI pIilIeHHS B
3aJISKHOCTI BiJI TOrO, IO BiIOYBAa€ThCs y 30BHIIIHBOMY cepemoBuiii. Kpim
CaMoro MpoIleCy HABUaHHS, y HABYaHHI 3 Yy4uTeJeM, HEOOXiIHO 3i0paTu
Habip JaHUX, 32 IOMOMOTOI0 KOO BiAOyBaTUMETHCS HaBUAHHA. Y IEBHHUX
BHIIAJAKaX HaOpaTH momiOHmit Habip JaHWX MoXxe OyTH MpoOIeMaTHIHUM, a
1HO1 ¥ HEMOKJIMBUM 3aBIaHHSIM.

B paMkax NpoOeKTOBaHOTO MiAXOAY IUISi MOJIENIOBaHHS HPHKIIAJHUX
CHCTEM KOPHCTYBa4 3MOXeE 3/11HCHIOBATH:

1. HamamryBaHHS TpeHyBaHHS HEHpOMeEpEeXi 3 TOJIOBHOTO MEHIO: 3MiHA
KUTBKOCTI €MoX HEeOoOXiIHI HaBuaHHA. HamamTyBaHHS BH3HAYa€ CKITBKA
HEOOXITHO IUKIIB CXPEUIyBaHHS OCOOMH MJISl 3aBEpIICHHS TPEHYBAHHS,
3MiHa KUTBKOCTI OCOOHMH, $Ki TIPOXONATh TpEeHyBaHHs. HamamryBaHHS
BH3HAYa€ CKUTBKA OCOOWH TEHEpYBaTUMETHhCA KOXHY eMoXy IIiJ dac
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CXpeIyBaHHS; 3MiHa INapiB Helpomepexi. HanamTyBaHHs BH3HaYae
KUIBKICTB HIapiB y HefipoMepexi. Tak caMo MOKHA HAJNAMITYBaTu (pyHKIIO
32 SKOK BBAKATUMYTHCSA Bard Ha KOHKPETHOMY IIapi Ta KiIbKICTh
HeWpoHiB; 3MiHa maHcy mytanii. HaiilOynoBa Bu3Hauae maHc, 3 SIKOI0 MOXe
CTaTHCs MyTallis B T€Hi, TOOTO 3 SKUM IIAHCOM TeHy (Baru B HEHpOMEpexi)
OyJe TPH3HAYCHO BWIIAJKOBE 3HAUYCHHS; 3MiHA YacTOTH CTpYCy.
HanamtyBaHHs BH3HAuae, SK 4YacTo BiJOYBaTHMEThCS CTPYC MOMYJSAIi
ocooun. CTpyc poOWTH BHIAJICHHS CaMUX HE pPe3yJIbTaTUBHUX OCOOWH 13
CMHUCKY KpAIIUX 1 3aMiHIO€ X BHMAJKOBUMU OCOOMHAMH 3 BHIIAIKOBHM
HaOOpOM TeH.

2. 3amyck TpeHyBaHHS Helpomepexi. [lpm BuOOpi wmiel  ommii
TIOYMHAETHCS IIPOLIEC HABYAHHS HEWpOMEpeXi B IrpOBOMY MpOCTOpi 3
ypaxyBaHHAM pPaHHbO BBEACHUX HaJIAIITYBaHb.

3. OOuwucieHHs pe3ynbTaTy KOXXHOI ocoOuHM. BinOyBaeTbes micis
3aBepIIeHHA KOXKHOI enoxu. IlinpaxoByeTbes pe3ynbTaT AN BCiX OCOOMH,
HaCKiHbKI/I )106pe BOHHU BIIOPAJIMCA 3 TOCTABJICHUM 3aB/IaHHAM.

4. 30epexxeHHss OCOOMH 13 HaWKpaluM pe3ylibTatoM. BinOyBaeTbcs
BUOIp OCOOUH, SIKI MOXKYTh MOTPAIMTH JO CIIUCKY KpalllUX OCOOMH, 3 SKHX
BiIOyBaTUMETHCS MOJIAIIBIIE CXPELYBaHHS.

5. CrBOpeHHs HOBOro MoKalieHHs1. BigOyBaeTbcs cxpelyBaHHsS OCOOWH
i3 HaOopy OcOOWH, sIKi HaiKpallle MPOWIIM TPEHYBAHHS Yy MOMEPeIHiX
eroxax.

6. Cnocrepexenns. KopucryBad, MOKH YeKae 3aBEepILCHHS TPEHYBaHHS,
MOXE 3/IMCHIOBATH HACTYIHI [ii: CHOCTEPEKEHHS JiSMH IOTOYHOTO
nokaneHHs. KopuctyBad Moke TmepeMilllaTUCsT IirpOBHM IIPOCTOPOM i
criocTepiraTd 3a JisIMH OCOOMH, sIKi Ha JaHWH MOMEHT MpPOXOJSTh
TpeHyBaHHS; Ieperisan Kpammx ocobuH. KopucryBau Moxe AUBHTHCS Ha
pe3ynabTaT HaWKpammx OCOOMH, SKI IPOXOAWIM TPEHYBAHHS; BHKIIUK
crpycy. KoprcryBad Moke BUKIMKATH 11032 IUIAHOBUM CTPYCOM HOITYJISALIT,
SKIIO BBaXKAE€ IIe 3a HEOOXiJHe; TOBEpHEHHA OO TOJOBHOTO MEHIO.
KopucryBau Moke IOBEpHYTUCH Y TOJIOBHE MEHIO JUISl 3MiHM HaJallTyBaHb
Ta 3allyCKy HOBOTO BapiaHTa TPEHYBaHHS, 30EpeKeHHS HEHpoMepexi.
Kopucrysau Bupinrye 30epertu Kpamux ocoOHH, SKi IPOUIITH TPECHYBaHHS.

7. 3aBaHTaxeHHs HeHpomepexi. KopucryBad MoXke 3aBaHTaXUTH
paHie 30epexeHy MEpEeKy.

BucHoBku. [IponoHoBaHWH TiAXiA TO3BONSE TMPOBOAMTH IOCIIIKEHHS
MOBEI[IHKK 0araToareHTHUX CHCTEM Ha 0a3i BHKOPHUCTAHHS IITYIHOTO Ta
00YHCITIOBAIEHOTO IHTETICKTY.
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INTELLIGENT NAVIGATION SYSTEMS FOR CHARGES AND
SHIPS

I. Yudin, Ph.D. M. Yadrova
Odessa Polytechnic National University, Ukraine

Anomauin. OoOnuicio 3 KIIOYOGUX CKIA00BUX be3neku ma egekmusHocmi
BIMPUNLHO2O AXMUHEY Md CYOHONIA6CMBA 3a2aioM € Hasieayiina cucmema. Y
pobomi Oyau NpoOaAHANi308aHi ICHYIOYU CUCHeMU MA 3anpONOHO8AHA MemOOUKd
CMBOpeHHsl YHIBEPCAIbHOI HaGieayitinoi cucmemu.

Knrouosi cnosa: asmomamuuna wnasicayiiina cucmema, 3acobu Haegieayii,
Raspberry Pl, npomoxon CAN.

Abstract. One of the key components of the safety and efficiency of sailing
yachting and shipping in general is the navigation system. The work analysed the
existing systems and proposed a method of creating a universal navigation system.

Keywords: automatic navigation system, navigation features, Raspberry Pl, CAN
protocol.

[Ipobnema TOYHOCTI, BiIMOBOCTIKOCTI Ta aBTOMATH3allli HaBiralliiHIX
CHCTEM Y CYIHOIUIABCTBI € aKTYaIbHOIO Ta CKJIaJHOI.

CyuacHi 4oBHH (BIiTpWiIbHI a00 MOTOpHi) Ta piuHi cyzma (TOpriBenbH,
BaHTa)XHI TOIIO) BHKOPHCTOBYIOTh CYYacHI CHCTEMH HaBiramii, IO

140


mailto:yadrova@op.edu.ua

Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

MOTPeOYIOTh IOCTIHHOrO HarysAAy 3 OOKy eKkinmaky (BaxTOBi 3MiHH) Ta HE €
TIOBHICTIO aBTOMaTH30BaHUMH.

Jdo xmacnyHuX 3aco0iB HaBiramii, mo € 0a30BUM HabopoM Ui
YCIIITHOTO TPOXOMKEHHS MapuIpyTy BiHOCATH: pisHOMaHiTHI GPS-
CHCTEMH, TipOCKOMH, ripokommacu [l], aBToMaTH30BaHi CHCTEMH OOpOOKH
iHpopManii mpo moroxy Ta cTaH atMoc(epH, aBTOIUIOTH, IOIOMIXHI
TIPWJIAN JIJIsI CTIPOIIEHHS IIBAPTYBAHHS CyJTHA.

CHilbHOIO PUCOIO BCIX CyYaCHUX aBTOMATHYHHMX HaBIiralliiHUX CHCTEM €
BUKOpHCTaHHS MikHapoaHnoro cranaapty mepexi CAN (anra. Controller
Area Network — mepexa koutposepis) [2].

IIporokon CAN BHKOPHUCTOBYEThCS B CYYaCHHX aBTOMOOUIAX 3
atomizorom (Tesla) Ta BiTpuIIbHUX 200 MOTOPHUX YOBHAX.

[Tporokon CAN B KOHTEKCTI KepyBaHHS HaBITal[lfHOIO CHCTEMOIO €
onHuM 3 HanpsMkiB [oT.

Cepen ailicHUX TPOIYKTIB, IO ChOTOJIHI HAasBHI HA PUHKY, ICHYE psij
NPUIIa/IB, 0 BUKOPUCTOBYIOTh MPOoToKoin CAN Ta BUKOHYIOTH (4aCTKOBO)
3amaul npo crpomieHHio Hairaiii. Cepen Hux € YachtSense (BupoOHHK
Raymarine), EmpirBus (BupoOuuk Garmin) ta cucrema SAILSENSE
(BupooOHuk SAILSENSE).

Bci Tpu cucteMu 00’ejHye Maiike 0JJHAKOBA CTPYKTYpa.

Jlns TOBHOLIHHOTO KEpyBaHHS YOBHOM a00 CYOHO Mifl KepyBaHHIM
TaKMX CHCTEM HEOOXiIHMIA TOJOBHUIA MOIYITH Ta Habip marunkis [3].

Po3pooka SAILSENSE Binpi3HsieTbCS BijJ IHIIMX MOAIOHMX CHCTEM
HasIBHICTIO 1HAWBIAYaJIbHOI'0 IHTEpHET-KabiHEeTY ISl KOKHOT'O KOPUCTYBaya,
110 JTO3BOJISIE CIIOCTEPITaTH 32 YOBHOM B peallbHOMY Yaci.

Le akryanpHO, Komu axTa 3HaxomuThes B mopTy. SAILSENSE namae
3MOT'Yy KOPHCTYBady BifJaleHO KepyBaTH aKyMyIATOpaMH Ha OOpTy Ta
IHITMMY CHCTEMaMH, 1110 TOTPEOYIOTEH MOCTIHHOTO KOHTPOIIS Ta Harsimy [4].

l'ooBHIM CITITPHAM HENOJIKOM YCiX BUINE 3a3HAYEHUX CHUCTEM € IXHA
HECYMICHICTB 3 1HIIUMH MPOAYKTAMH HA PUHKY Ta CKJIAIHICTh iHCTAJAII] Ha
YOBEH.

e 3yMoBIEHO THM, IO TpPH HEOOXIAHOCTI 3aMIHUTH Ty YH IHIIY
CKJIQIOBY CHCTEMH, YOBEH UM CYIHO IOTpeOyBaTUMe CEplO3HUX BTPYYaHb 3
OOKy CHemiamicTiB, IO TaKOX MifiiiMae piBeHb (HiHAHCOBMX BKJIAJCHb B
YOBEH 1 CUCTEMY.

Bume 3a3nadeHi npoOIeMH MOXIIMBO BHPIIIUTH 32 JJOMOMOTOO
BHUKOPHCTAHHS 1HIIIOI METOAMKH PO3POOKH IMOIIOHOI CHCTEMH.
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[lepma mpobmema — HECyMICHICTH — BHUPINIYETBCS  BHOOPOM
VHIBEPCAIBbHOI TUIATGHOPMH JUIS TOJIOBHOTO MOJTYJIS.

[IporioHyeTbCsI  BHKOPUCTOBYBATM Taki pilIeHHS, SK  po3poOKa
IHTEJICKTYaJIbHOI CHCTEMH HaBirarii Ha OCHOBI MIKPOKOMII IOTepa
Raspberry Pl 4.

[IpobGnemy cknamHOi iHCTansWii AAaTYMKIB MOXIJIMBO OOIWTH 32
JIOIOMOT0l0  BUKOpHCTaHHS TpoTokomiB  Wi-Fi  (cTtBopeHHst joKanbHOT
3aXHIIEHOT MEPEXKI BUKIIIOYHO JUISl IPHIIAIiB CHCTEMH) a00 BHIIEONUCAHOTO
CAN.

TakuM 4YMHOM po3poOKa cHCTeMHM Ta 11 IHCTANALIS CHPOIIYEThCS,
BiIMOBOCTIHKICTh CTa€ BHIIOK, a YHIBEPCAJIBHICTh A€ 3MOTY CTBOPCHHS
JIICHO aBTOHOMHOIT 1HTENIEKTYaJIbHOT CHCTEMH HaBiraitii.
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Abstract. The results obtained indicate that linear regression models with a
small number of factors have approximately the same value. As a result of
performing this study, an important conclusion was obtained that the value slowly
decreases with an increase in the number of model regressors.

Keywords: linear regression models

Anomauin. Ompumani pesyromamu cioyams npo me, WO MOOeNi JHIUHOT
pezpecii 3 HegenuKoI0 KLIbKICIIO (pakmopie maoms npubiu3Ho 00HAKOBI 3HAYEHHSL.
YV pesynomami  uxonanma yboeo OOCHIONHCEHHS OYIO OMPUMAHO  BANCIUBULL
BUCHOBOK, WO 3HAYEHHS NOBLILHO 3MEHULYEMbCA 30 30UIbWEHHAM KiIbKOCHI
pezpecopie Mooeli.

Knrwuoei cnosa: moodeni ninitinoi peepecii

The choice of the optimal number of factors for predicting the severity of
asthma in children in linear regression models is an important step in the
study. Currently, due to the rapid increase of asthma incidence, this
pathology can be considered as a global medical problem [1]. Studying not
only the factors, but also determining their relationship with each other, is
an important step in understanding the course of the disease in each
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individual case. Regression models are used for preliminary assessment of
the severity of bronchial asthma. To demonstrate the methodology for
constructing approximate models regression, we will use the results of a
clinical study of the severity of bronchial asthma in children of the Kharkov
region in 2017. The asthma severity analysis group included 90 children
aged 6 to 18 years. The structure of the group was as follows: the main
subgroup included 70 children with bronchial asthma, the control group - 20
healthy children. Analyzed the data of a survey of parents about the
symptoms in patients, characteristic of bronchial asthma, as well as the
history of the disease of the patients. This information served as the basis for
the values of the qualitative factors used to build the regression model. The
clinical features of the course of the disease have been studied. Based on the
results of laboratory studies, the values of the quantitative factors of the
model were formed. During the analysis, 142 factors were considered [2].

The numerical characteristics of the factors selected for building models
that determine the severity of the course of the disease with bronchial
asthma are analyzed, which are shown in Table 1.

Table 1. The characteristics of the factors

Code  Regressorname iy O Tyx
X1 Allergic rhinitis 0.4494 0.4974 0.3223
X2 Atopic dermatitis 0.0562 02303 0.3767
X3 Number of years from the first symptoms 5.5281 4.4396 0.3023
X4 Bronchial asthma in father 0.0864 0.281 0.0309
X5 Bronchial asthma inrelatives of second 0.0658 02479 0.4157

generation
X6 Eosinophils % 3913 3.4462 0.2646
X7 Domestic dust 2.2319 1.1312 0.3116
X8 Pillow feather 0.7536  0.8059 0.3681
X9 Rabbit hair 0.5652 0.8925 0.2236
X10  Sheep wool 0.5217 0.6507 0.3373
X11 CD25 10*359&5“ 0.6937 0.3087 0.2198

The first step of the study after choosing the factors is to build a set of
linear regression models for predicting the severity of the course of
bronchial asthma and comparing the quality of the prediction of the
observed value for a different number of model regressors. We will use the
MSE value as a criterion for comparing models. The 1, 2, 3, 5, 7 and 10
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factor models of linear regression are considered. The 11 factors were used
to build regression models. As a result of selection from a variety of models
with the number of regressors equal to 10, 7, 5, 3, 2, and 1, the model with
the highest and lowest MSE values was selected. When building linear
regression models, outliers were removed from the original dataset.

The MSE dependencies presented on the graphs for models Fig.1 with the
best and worst forecast quality allow us to estimate the influence of the
number of regressors on the approximation accuracy. The dotted line in the
graph shows the average MSE for a given number of model regressors. The
range of valid values with for a set of models is limited by the upper and
lower curves. The graph clearly demonstrates the general trend of a decrease
in MSE with an increase in the number of model regressors.

MSE
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Figure 1. Criterion for the quality of predicting the severity of the course of
bronchial asthma

Conclusions. The comparative analysis of values for multivariate linear
regression models using the example of the considered dataset shows that
the use of models with less than six factors is inappropriate.The results
obtained indicate that linear regression models with a small number of
factors have approximately the same value. As a result of performing this
study, an important conclusion was obtained that the value  slowly
decreases with an increase in the number of model regressors.
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This raises the relevance of the search for new methods for predicting
the severity of bronchial asthma disease, including the use of Machine
learning. A prospect for further research is to analyze the quality of fit of the
observed value depending on the number of regressors for different types of
nonlinear regression models
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Abstract. The paper presents a new mathematical model for the solution of a
static symmetric boundary value problem for a layer weakened by a through hole
with ends covered with a diaphragm.

Keywords: three-dimensional boundary value problems, singular integral
equations

Posrmemo  mpykmmit map —N<X;<h , —00<X,X <o,
nocnablieHnii HacKpi3HMM OTBopoM. Hexaif Ha MOBEpXHiI MOPOXHHHH
3ajaHuii Bektop Hampyxkenb (N,T,Z). Ilpuiyckaemo, mo KOMIOHEHTH
3aJ]aHOTO HABAHTAKCHHS PO3KIANAIOThCS N0 psaaiB Dyp'e 32 KOOPAHHATORO
X; Ha Ha BiJpi3Ky TOBUIMHI Mmapy [_ h, h]. Hexaii Ha HOro TOpISIX MalOTh
Miclie Taki yMOBH:

U, (X, X,,x£h) =u, (X, X,,£h) = 0,,(%,, X,,£h) =0. 1)

KpaiioBi ymoBu (1) BiANOBiAalOTh BHUIQJKY, KOJIHM TOPI LIApy MOKPHUTI
niadparmMoro, KOPCTKOKO Yy  CBOid  IUIOMIMHI Ta THYYKOWO Yy
HNEePNeHIMKYIAPHOMY HAmpsAMKY. 3alHIIeMO KOMIIOHEHTH BEKTOpY
NepeMIlleHHs y BUIIISII

zulk Xy Xz COS ¥ X3,
k=0

i (X %, )sin %, (i =1, 2), 7, —%ﬂ @)
k=0

BukopucroBytoun 3akon ['yka, 3anumiemo kpaiiosi ymoB# (1) B hopmi
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wl 0 1+o 0/ 1
RE{E {(}Z[W’Wk +}/k0kj_‘77k &(I(Dk 2 )}}zzﬂzk (3)

KpaiioBa 3amaua (3) 3a HOMOMOroro BioMOi TpaWIiHHOI MPOIETypPH
3BOIMTHCS JO CHUCTEMHU TPbOX CHHTYISIPHUX IHTETpalbHUX PIBHAHB 2T0
pony (st KoKHOTO (pikcoBaHOrO K ).
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[lpu ducenpHIN peamizamii ajxropuTMy iHTErpanbHi piBHIHHA (4)
METOZIOM MEXaHIYHUX KBanpaTyp [1] 3BOmUTBCS A0 CHCTEMH JiHIHHHX
anreOpaiuHuX piBHSIHB. BHCOKOTOYHA cXema OOYHCIIEHh 3aCTOCOBYBAIACA
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aHayorivao [2]. Jlas XapaKTepHCTUKH HANpYKEHOTO CTaHy HOBEpPXHi
OTBOpPY BU3HAYAINCS KOMIIOHEHTH TE€H30pa HAIPYXEHb:

0, =0,,8IN* 0+ o,,C0s* @ —20,,C080siN 0, T,, =0,
O=y—-7r, 0,=—0,,5N0+0,C080 . Uucenvni pesynsratu

oJIleprKaHO MpH 3HaueHHI Koedimienta [lyaccona v = 1/ 3.

x b g

500

§00

N —
o /

00 e v

[
*
-]

a) 0)

Pucynok 1. Eniopu po3nodiny 8i0HOCHUX OKPYIHCHUX HANPYIHCEHb

Ha puc. la HaBemeHO emopud pO3MOALNY BIJHOCHOTO OKPY)KHOTO
HANpPYXKeHHs O, /P ana enimtmasoro oreopy (& =R cose,

& =R,sin @, 0<@<27) BuponoBK KOOPAMHATH 33 TOBIIMHOK B TOYIT
9=0 vy sumamxy h/R =4 (R1 21). Kpusi 1;2;3;4 HaBemeHo s
R, =0.7;0.5;0.3;0.1 Bignosizso,

Ha puc. 10 HaBemeHO emoOpH pO3MOAITY BIJHOCHOTO OKPYXHOTO
HanpyxkeHHs O, / Pernponopk  kouTypy  emimmmumoro  otBOpy

0<@<27 » wonmni X;/h=0 y sumanxy (R1=l) mpu h/R =4
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BimmoBigHo. Kpuei 1;2;3 Takok HaBeACHO NpHU R2= 0.3; 05; 0.7
BIAMOBiMHO. 3a pe3yabTaTaMH YHCEIBHOTO  JIOCHIJDKEHHS  MOXKHA
CTBEP/DKYBaTH, IO TNpH 30UTbIIEHHI TOBUIMHHM IIapy, a TakKoK  3i
3MEHIIEHHAM R, CIOCTEPIra€ThCst 3pOCTaHHS BiJHOCHOIO OKPYKHOTO

HaIpY>KEHHS.
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Abstract. The result of the developed method is presented in the form of
examples of the operation of exponentiating numbers represented in the modular
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number system. An analysis of the solution of examples showed the practical value of
the developed method.
Keywords: modular number system

Anomauia. Pesynomam po3pobnenoeo memoody npeoCmasieHo y euensioi
npuxnadie onepayii 3 niOHecenHaM 00 CMeneHsl YUcel, NPeoCmaieHux y MOOYIbHIl
cucmemi wucnenus. AHani3 po36’s3Ky NpUKIadié NOKA3a8 NPAKMUYHY YIHHICMb
PO3p06NIEeH020 Memooy.

Knrwwuoei cnosa: mooynivHa cucmema wucieHHs

Research in the field of the application of the non-positional number
system (NPNS), to which the modular number system (MNS) belongs,
shows that its practical use in the CS allows to significantly increase the
productivity of the realization of arithmetic operations.

It should be noted that there is a class of problems and algorithms where
in addition to performing an integer arithmetic operations (addition,
subtraction, multiplication), there is a need to implement the operation of
exponentiating numbers in all numeric domain.

Thus, the operation of exponentiating integers modulo is one of the key
elements of many cryptographic algorithms and has many practical
applications in computer science and other fields.

At the moment, many modern programming languages do not have tools
(operators) that can implement the operation of exponentiating numbers, it is
especially difficult to implement this operation for negative numbers [1].

So, research is aimed at developing a method for exponentiating
numbers modulo MNS are relevant and important.

However, practical methods cannot be wused to perform the
exponentiating operation in the negative numeric domain [2], this is mainly
due to the fact that there is no simple mathematical model for the process of
exponentiating integers of a natural number in the MNS, both in positive
and negative numeric domains.

Therefore, the main purpose of the research to develop an effective
system of mathematical ratios (SMR) of the process of exponentiating
numbers in the MNS in all numeric domain.

To implement the process of performing the operation of exponentiating
numbers by an arbitrary modulo MNS in all numeric domain, it is supposed
to represent the original number

151



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

CMNS :(Cl”CZ”"'”Ck—l”Ck ||Ck+1||”CI) in a modular structure

(MS) CF\YNS :

Coe =%D+|CMNS|, it C>0,

L1 .
Coms :ED—|CMNS|, if C<O, "
1

Cs =—D+|C
i.e. for positive numbers: MRS 2 | MNS' and for negative:

IR 1
Cons :E D _|CMNS|’

D= Py p .
where k=1 k' —an arbitrary MNS module.
A system of mathematical ratios the process of exponentiating numbers

was developed based on an analytical ratio (Cuns)” = F(Cons which

r
defines the relation of the result ~“MNS number exponentiating operations
Crns in the MNS (to the degree of r) presented in the MS, from the

Cun (oN
number ~MNS immediately in the MS [3]. Processed numbers ~MNS and

- r
(CMNS are in the range:

1 ) 1
_EDSCMNS SE(D—l),

0<(Cps) <D-1. .

152



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

As a mathematical model of the process the process of exponentiating
numbers to an arbitrary degree r of a natural number in the MNS, it is
advisable to consider the mathematical ratio:

(Cl\r/INS)% = (CJNS ' (3)

Mathematical ratio (3) is a generalized SMR process of exponentiating
numbers modulo MNS.

Based on the developed SMR (3) and using the tabular realization of the
modular multiplication operation, the research improves the method of
exponentiating numbers modulo MNS in all numeric domain.

The development of the method was carried out by applying a special
coding of numbers in the MS using the tabular principle of data processing.

The result of the developed method is presented in the form of examples
of the operation of exponentiating numbers represented in the MNS.

An analysis of the solution of examples showed the practical value of the
developed method.
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Anomauin. 3anpononosano eupiuienns aKmyaibHoi npobremu  ynpaeninms
@inancosumMu nomoxamu y 2any3i 6HYmMpiuHb020 MypUsMmy 8 ymMosax Oii MHONCUHHUX
YUHHUKIE HEBUSHAYEHOCMI OMOUYIOH020 Cepeoosuwya nid 4ac 60EHHO20 CMAHY 3
3acmocy8aHHAM meopii cumempii.

Kniouosi cnosa: meopisi cumempii, arcopummi @opoa-Dankepcona, hakmopu
306HIUHBO2O CEPEOOsUYA

Abstract. A solution to the current problem of managing financial flows in the
field of domestic tourism under the influence of multiple factors of uncertainty of the
surrounding environment during martial law using the theory of symmetry is
proposed.

Keywords: theory of symmetry, Ford-Falkerson algorithms, environmental
factors.
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B ymoBax ckmamHOI cuTyalii, BUKJIMKAaHOI HECTAOIIbHUMH (haKTOpaMH
BHYTPIIIHBOTO CepeNoBHINa, IOB’s3aHoro 3 BiliHOW Pocii 3 VYkpaiHoto,
BBEJICHHSAM BOEHHOI'O CTaHy, III0 Tependadae MeBHI 3a00pOHH 1 OOMEKEHHH,
TypUCTHYHA  Tajdy3b  ONMHWIACS Yy  HAJICKPYTHOMY  CTAaHOBHIII.
[IporHo3yBaHHs CcHUTyalii HaBiTh Y KOPOTKOCTPOKOBIH IMEPCHEKTHBI CTae
HeMOXUIMBUM. [IpoTe TypucTuiHa raixy3b NpoAoBKYe po3BuBaTHcs. OuiHKa
MPSIMUX 1 HENPSIMHUX BTPAT 1 TIOTPEOU BiJHOBJIEHHS YKPaiHCHKOI €KOHOMIKH
(B chepi KyabTypu, Typu3My Ta CIOpPTY), y TpPOIIOBOMY CKBiBaJICHTI
craHoButh 0.7 mupa monapiB CIHA mpsmux BTpat, 4.3 Minpa — 3araibHi
BTpatH, Ta 1.6 MJIpA KOIITIB cTaHOM Ha MOMEHT 13 uepBHs 2022 poky [1].

BuyTpinmHi 3BSBKM MiX TYpUCTHYHUMH TOCIYraMH Y CTPYKTYpi
TYPUCTHYHOTO TPOJYKTY TMPOSIBIISIOTECS B iX CHMETpil mij dac peamizarii
TypUCTHYHHX Tmociyr. [loBeliHka BUXiOHWIT 3MIHHOI, IO BijoOpaxae
(iHAaHCOBI NOTOKM BHYTPILIHBOIO TYPH3MY, AETEPMiHOBaHa KOMILIEKCOM
NPUYMHHO-HACTIAKOBUX B3a€EMO3B'S3KIB MK HE3aJIC)KHUMH (DaKTOpaMu Ta
3aJIe)KHOI 3MIHHOI. BOHa MOK/IMKaHa BHIUTUTH HaWOLIBII ajlbTEpHATUBHI
LUUISIXM  PO3BUTKY 3 pi3HHMX craHiB. Llg 0coOnMBiCTH NPOrHO3yBaHHS
BUKOPDHCTaHa IIpU PO3POOII METOAONOrl YIpaBiIiHHS 30epeeHHIM
(hiHAHCOBHX MOTOKIB TypH3MY 32 yMOB OOMEXKEHb Ha peaji3allito TOoCIyT.

Meroto poOOTH € TOB'sI3aHHS YOTHPhOX HAYKOBUX Pe3yJbTaTiB: CUMETIi
CIIOKMBAHHS IOCIYI, Kay3aJbHOrO IIPOTHO3YBAHHS, 3aCHOBAHOTO Ha
BCTAHOBJICHHI NMPUYMHHO-HACIIIKOBUX 3B'A3KiB, MakcuUMizalii (iHaHCOBUX
MIOTOKIB BHYTPIIIHHOTO TypH3MY, 3aCHOBAHOI Ha Teopii rpadiB Ta anropurMi
dopna-dankepcoHa, a TAKOK EKOHOMIYHUX ACIEKTiB (JOPMYBAHHS ITOCIIYT.

Po3rnsiHyTO HU3KY HOBHX MAaTeMaTHYHHX MOjenel, METOAUYHHX
MiXO/IB, TPOMO3MUINKA Ta pPEKOMEHIAIl, NPUCBIYCHUX PO3BHUTKY Ta
YIIPaBJIIHHIO TYPU3MOM Y KOPOTKOCTPOKOBIi MEPCIeKTHBI [2], Kay3aIbHOr0
mporHo3yBaHHs [3]. B OCHOBY BHKOPHCTaHHS CHUMETpil Ui BHpIIICHHS
3aBJaHb MakcuMizamii (piHAHCOBHMX MOTOKIB MPH peatizamiil TypUCTHYHHX
MOCTYT TOKJIaJeHa OCHOBHA BIIACTHBICTH Teopii cHMeTpii, a came Te, IO
JIesIKi TIPOCTOPOBI  (irypu MOXKYTh OyTH OTPHUMaHI LUISIXOM BEJIUKOI
KUJTBKOCTI TIOBOPOTIiB HABKONO oci. {7 BHU3HAYEHHS CHMETPHYHHUX 3MiH
€JIEMEHTIB 1HBApIaHTHMX B3a€MONI TOTPIOHO BUAUTUTH HEPYXOMHHI
€IEMEHT — OCHOBHY TYypHCTHYHY mochuyry. B amropurmi @opna-
dankepcoHa Mepeka pO3TIANAETHCS K TOB’ A3aHUN oprpad), opi€HTOBaHUN
B OJHOMY HANPSMKY BiJl BUTOKY /10 CTOKY. BHXiTHUM cTaHOM MaKCHMi3arlii
¢inancoBux TOTOKIB Typmsmy € rpad G(V,E) 3 mpomyckHOW 31aTHICTIO
G(u,v) ta morokom f(u,v)=0 mis pebep 3 U u v. Pobora mo3BomHIa
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3aIpONOHYBATH TPAKTHYHI pEKOMEHAamii 31 30epekeHHs (iHAHCOBHX
TIOTOKIB, 3MOJIETIOBATH CTPYKTYPY 1 YMOBHM peaji3auii TypUCTHYHOTO
MIPOAYKTY, & TAaKOX PO3POOUTH aJTOPHTM MOKJIMBOTO ITIEPEXONy 3 OHi€l
TYPUCTHYHOI IMOCITYTH HA 1HIY ITiJ Yac 3MiH CepelOBHINA.
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Anomauisn. Ilpogedeni y pobomi po3paxyHku Ol peaibHuX OaHUX NoJIbOmie
niomeepouny 2inomesy Npo MONCIUBICIb 00 €OHAHHA MACUBIE 3 MATUM 0OCA2OM Y
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Abstract. The calculations carried out in the work for real flight data confirmed
the hypothesis about the possibility of combining arrays with a small volume into a
single one for different flights of the same pilot.

Keywords: array with a small volume

3abe3neueHns Oe3nexu monboTiB NoBiTpsiHUX cyaeH (I1C) e kirouoBuM
3aBJaHHs y IWBLUIBHIA aBialfii. be3neka MOJIBOTIB 3aleXUTh OaraThbox
YUHHUKIB, 30KpeMa: Bix TexHiuyHoro crany IIC; mMOromHumx Ta IHIIHAX
30BHIIIHIX YMOB; IOMWJIOK TMIOTa TMiJ 4Yac TUJIOTYBaHHS; ITOMUJIOK
imKeHepHOl aBialliifHOl Cay)KOM miJg 4Yac 3iHCHEHHS TEXHIYHOro
obcnyropyBanHs Ta pemonty IIC rtomo. Koxken 3 HaBeneHux (hakTopi
HOCHTh CTOXaCTUYHHMH XapakTep 1 MO)K€ BUHHKHYTH B JIOBUIBHHUA MOMEHT
yacy MiJi 4ac TOJbOTY. 3 METOI0 3MEHIICHHsS HEraTHBHOTO BIUIMBY IHX
(akTOpiB HEOOXiAHO 3/IIHICHIOBATH KOMILJIEKC CIIEIialIbHUX 3aXO0/IiB.

CroromHi ocoOnuBa yBara NPUIUIAETHCS IMUTAHHSIM, IOB’S3aHUM 13
BIUIMBOM JIIOICBKOrO 4YMHHHMKAa Ha Oesneky mnonbotiB [IC [1]. 3rigHo 3i
CTaTUCTUYHUMH JaHUMH, i€ 3yMOBJICHO THM, IO OUIBIIICTh TOMNiH, sKi €
nepeyMoBaMu JIo aBiakatacTpod, BiAOYBarOThCS 3 BHUHM JIIOAMHU. Bimomo,
IO MOJbOTHUI IMOYEpK NUIOTa € TexHikow minoryBanHs [1C, mus skoi
XapakTepHi I1HIUBiIyaJibHI OCOOJIMBOCTI JIFOMUHU. 3a3BUYail IMOJIBOTHHIA
MOYEepK TiIoTa (QOPMYEThCSl TMpH  3A00YyTTI HHUM TEBHOrO JOCBiIY
MJIOTYBaHHS Ta € YHIKQJIbHUM 1 XapakTepPHUH TUIbKK Uil KOHKPETHOTO
misora. OCHOBHOIO HPOOJIEMOIO Mij Yac MOOYJIOBH MAaTeMaTHYHOI MOJeNi
JIBOTHOTO TIOYEPKY IIJIOTa € Maji OOCATM BHUMIPSHHX JaHHUX Y IpoIeci
BUKOHAHHSI KOHKPETHOTO MOJBOTY. TOMy B LbOMY IOCITI[)KEHHI OCHOBHA
yBara TPHIUISETHCS TEPEBIpLi MOXIMBOCTI 00’€qHaHHS BHOIPOK 3a
JEKiTbKOMa IOJbOTAaMH Ui BHIAAKYy CTalMX CTPECOBHUX CHTYyamiil.
PosumndpoBani  nmani monpotHoi iH(opmanii [IC Boinr-737-500 Oymu
oTpuMaHi B aBiakoMmaHsii. [Ipu mpoMy Oyiir BUKOPUCTaHI AUISTHKH peabHIX
MOJBOTIB TICHS BXOOY B TJicagy OO MpHU3EMJICHHS. 3axiJ Ha IMOCAAKy
BimOyBaBCsl y PI3HUX aeporopTax, TOMY IOBXKHHA TICaad 1 BiAMOBITHO
KUTBKICTh NaHUX Pi3HATHCA. [ aHami3y qaHuX MOMbOTHOI iHpopMartii Oymo
o0pano ammmiTyan TaHraxy. OCKITBKM YKOpOU€Ha TJlicajia HeraTUBHO
BIUIMBAE€ HA ICUXO(i3i0J0TiYHy HANPYXKEHICTh MIOTIB [2], IOIIBHO
BH3HAYUTHU 30€pITacThCsl UM Hi MONBOTHUH MOYEPK IJIOTa B PI3HUX YMOBaX
monboTy. s BupimeHHs i€l mpobiaeMH 3acTOCOBAHO METOA Ha OCHOBI
kputepito Kpackema-Yomrica, skuii € HemapaMeTpUYHAM aHAJIOTOM
omHOo(aKkTOpHOrO maucmepciiHoro anamizy. Kpwurepiit Kpackema-Yomrmica
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OyB 3aCTOCOBaHWH JJIsI peAbHUX JaHWX, OTPUMAHUX MPOTSITOM YOTHPHOX
o60TiB [1C 3 OHUM 1 THM K€ TJIOTOM Y TaKil OCIiTIOBHOCTI:

1. O0’eqHaHHs HasBHUX HAOOpIB AaHUX B €IuHY BHUOIpKy. Jlmsa miei
BHUOIpKM BUKOHYIOTH IIEPETBOPEHHS YHWCIOBUX J@HUX Y iXHIH HOMep y
BIMOBIHIM TMOPSANKOBIH cTaTHUCTUIN. TOOTO M KOXKHOTO 3HAYCHHS
naracery HeoOXiiHO 3HalTH HOro pamr, AKkuil mosHaunmo ¢yrkiiero R(i) ,
ne I € [1; N] — HOMep BiTiKy y BHOipii o0csarom N [Tpu 1ibomy BHOIpKH
MOXYTb MICTUTH OJHAKOBI 3HAYEHHSI, TOJIl PAaHTH MOXXYTh HE OPiBHIOBATH
UMM 9ucnaM. Y BUTIAIKy KpaTHOCTI MOBTOPEHHS BHOIPKOBOI'O 3HAYEHHS
HEOOXiHO 3aMiHWTH BIiJNOBIIHI paHI'M CKOPErOBaHUMH CepelHIMH

3HAYCHHAMHU UX paHFiB.
2. BuzHaueHHs cyMapHHUX paHTiB 32 KOXHOIO BUOIPKOIO OKpPEMo, a came

]
R.()) =2 R(W); . @)
w=1
ne j BIJINOBiJa€ HOMEPY BUOIPKH, k j — obesr j -01 BHOIpKH.
3. OtpumanHs h cratucruxy BignosinHo 1o dbopmyn

12 S RMW);?
>

—3(N +1) 2
TN (N +1) 7 K ( ) @)
p
c = -1 tu tu +1)): 3
T l)N(N T2 (6D +D) @)
hop =1/ Crop s (4)
ne P — kigbKiCTh NMOBTOPIOBaHHMX 3HAYEHb Yy BUOIpIIi, tu — KUIBKICTb

onHakoBHX paHriB y U -iif rpymi moBTOpeHHS.

4. BuzHayeHHS TMOpPOry NPUHHATTSA PIlICHHS Ta MOPIBHSAHHA 3 HUM
PO3paxoBaHOrO 3HAYCHHS h cratucruku. Sxmo 3nauenns N cratucruxu
MEHIIIE TTOPOTOBOT0, MPUHMAETHCS PIMICHHS NPO OTHOPIIHICTD JAaHUX Ta
00’ €THAHHSA 3a3HaYCHUX BHOIPOK Y OHY € OOTpYHTOBAaHUM.

[IpoBeneni y poOOTI poO3paxyHKH ISl pPEAThbHUX JAaHUX IMOJIBOTIB
MATBEPAWINA TillOTE3y IMPO MOXIIMBICTH 00’€IHAHHS MAaCHBIB 3 MallUM
00CSATOM Y €MHHAHN IS PI3HUX MTOTBOTIB OAHOTO 1 TOT'O CAMOTO MIOTA.
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Abstract. We study the efficiency of using a multi-threaded implementation of
the transpose-free quasi minimal residual iterative algorithm for solving linear
systems that arise after the discretization of the initial-boundary value problems for
the non-isothermal fractional-differential model of moisture transport in combination
with the dynamic change of time step length based on the convergence
characteristics of the transpose-free quasi minimal residual algorithm.

Keywords: multithreaded implementation of the non-transposed quasi-minimal
residual iterative algorithm

Anomauin. [ocniooceno egexmusnicmo  suxopucmants 6a2amonomoyHol
peanizayii 0e3mMpaHcNOHOBAHO20 KBAZIMIHIMANLHO2O 3ANULUKOB020 TMepayitinozo
aneopummy Onsd  pO38’A3Y6aHHA  AIHIUHUX —CUCMEM, WO GUHUKAIOMb  NiCas
ouckpemuzayii. - NOYAMKOBO-Kpatiogux 3a0ay O1a  Hei30MmepmMiyHoi  0pob08o-
ougpepenyianvnoi Mooeni nepeHocy 80102U 6 NOEOHAHHA 3 OUHAMIYHOW 3MIHOK
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008IICUHU KPOKY 8 4ACl HA OCHOBI XAPAKMEPUCIMUK 30IHCHOCTIE KEAZIMIHIMAIbHO2O
3AAUUKOBO20 Ancopummy 0e3 mpancnoHy8aHHsL.

Kniwouosi  cnoea:  bacamonomound  peanizayisi  0e3mpaHcHOHO8AHO20
KBAZIMIHIMANIbHO20 3ANUUKOBO20 IMEPAYIUHO20 ANCOPUMMY

Mathematical models of migration processes that take into account non-
local effects caused by media’s fractal properties often have an integro-
differential nature. Numerical methods for solving problems for such
models have a higher order of computational complexity compared to the
corresponding classical methods. Therefore, for their effective practical
application, the usage of high-performance computational techniques,
particularly for shared memory systems, is critical. In this regard, we study
the efficiency of using a multi-threaded implementation of the TFQMR
(transpose-free quasi minimal residual) [1] iterative algorithm for solving
linear systems that arise after the discretization of the initial-boundary value
problems for the non-isothermal fractional-differential model of moisture
transport in combination with the dynamic change of time step length based
on the convergence characteristics of the TFQMR algorithm. The
considered model is as follows:

C(h)—— D& (k, (H, T)—)+Dﬁ(k (H, T)—) S,
oT o%T 62T ( oT aTj
C,—=A| —5+-—%|—-C,| v, —+V, —

0<x< LX,OSZSLZ,t20,0<a B <1,
vX:kX(H,T)a—H,vZ:kZ(H,T)a—H, DH = (D“H + DY H),

Ly

DiH = [0 (- gy vae, Dy,

X OH .
) -0

1
F(l—a) -[ 0

[24
where D, is the Caputo fractional derivative [2] with respect to the
variable X (derivative with respect to the variable Z is denoted and
P(x,z,t
h(x, z,t) :¥
defined  similarly), PY  is  the water head,
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H (X’ Z’t) = h(X, Z’t) +2 is the full moisture potential, P(x,z,1) is

the suction pressure, /2 is the water density, 9 s the acceleration of
oo

C(h)y=—" _ o 0(x,z,t)
oh s the differential soil moisture content, T

the volumetric soil moisture content , kx(H) , kz(H) are hydraulic

conductivities in fractal dimension (we assume

k(HT)=0c"%(H,T) k,(HT)=0"%(H,T) o,=0,= 2

S(x,2,1) is the source function, C; is the volumetric heat capacity of

gravity, is

soil, A s the thermal conductivity coefficient, C is the volumetric heat
capacity of pore fluid. The model is the non-isothermal modification of the
model described in [3].

The considered computation procedure, similar to the used in [3], is
aimed at increasing the simulation speed without explicit consideration of
the features of problem being solved. The conducted studies showed that the
consideration of the temperature field, which is described by an integer-
order differential model, leads to a decrease in the maximum acceleration of
numerical scheme’s multi-threaded implementation. It also leads to 8-10-
times increase in simulation time due to the need to reduce time step length
in accordance with different speeds of heat and mass transport processes.

At the same time, the procedure for dynamical change of time step
length allows performing adaptive solution of the problem without user
intervention. Its application does not affect the order of accuracy of the
numerical method used for the discretization of the initial-boundary
problems, and together with the obtained estimates of multi-threaded
algorithm’s performance, makes possible further development of a
computationally efficient decision support system for modeling moisture
transport under abnormal conditions.
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THE OVERVIEW OF COMPUTER-AIDED DESIGN SYSTEMS FOR
CLOTHES DESIGNING

Ye. Zavalniuk, Dr.Sci. O. Romanyuk, Ph.D.. T. Korobeinikova
L2yinnytsia National Technical University, Vinnytsia, Ukraine,
3Lviv Polytechnic National University, Lviv, Ukraine

Anomauia. Y pobomi npoananizosano OCHO8HI cucmemu asmomMamu308aHo20
npoekmygauns  00s2y. Posenanymo nowmamma  cucmem  agmoMamus08aHo20
npoexmyegannsi. Onucano QYHKYIOHANbHI MONCIUBOCHE THOZEMHUX [ YKPATHCLKUX
cucmem Ou3atiny 00s2y.

Kniouosi cnoea: cucmemu agmomamu3o8ano20 NPOEKMy6aHHs, aHaiiz mKaHuH,
MpUBUMIpHE MOOENIOBAHHS, OU3ALIH JIeKall, PO3POOKA Mamepianis.

Abstract. In the paper the main computer-aided design systems for clothes are
analyzed. The concept of computer-aided design systems is discussed. The functional
features of foreign and Ukrainian clothes design systems are described.

Keywords: computer-aided design systems, fabrics analysis, three-dimensional
modelling, French curves design, materials creation.

Beryn. Cucremu aromarmsoBanoro mpoektyBanus (CAIIP) [1,2]
BUKOPUCTOBYIOTBCS ULl aBTOMAaTH3alii  NPOLECIB  NPOEKTYBaHHA
MIPOMHUCIIOBHAX BHPOOIB.

Hdo ramyszeir 3actocyBanHs CAIIP Hamexarp mBeiiHa Ta MonmHA
iHAycTpil, y SKHX 3 PpPO3BUTKOM TEXHOJOTIH BHHUKIH IOTPEOH
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aBTOMAaTu3alii KOHCTPYIOBaHHS OJATY Ta TPUBUMIPHOI Bizyamizamii
PE3yIbTaTiB KOHCTPYIOBAHHSL.

Mera. [IpoanamnizyBatu 0COOJTHBOCTI OCHOBHHX CHCTEM
ABTOMATH30BAHOTO MPOCKTYBAHHS IS TU3aHHY OJIATY.

Jlo BiIOMHUX CHCTEM aBTOMATH30BAHOTO MPOCKTYBAHHS OJATY HaJeKaTh
«['partist» Ta KOMIUIEKCH Tporpam kommaniii Browzwear i Tukatech.

Jo 3aco0iB TNpOeKTYBaHHS OIAry, PpO3POOJIEHUX MIDKXHAPOIHOIO
kommaniero Browzwear [3], nanexarts VStitcher, Lotta, Stylezone, Fabric
Analyzer. VStitcher e 3aco6oM TpUBUMIpHOTo AU3alHY OMATY.

Y mporeci au3aiiHy BHKOPHCTOBYEThCS TPHUBHMIPHHHA MaHEKeH,
napaMeTpy SKOr0 HaallTOBYIOThCS.

[TinTpumyroThest miadip (poTOpeasiCTHYHUX MaTepiaiiB 1 TEKCTYp OJTY,
CTBOpPCHHA 6aFaTOHJapOBI/IX TEKCTYp TKaHWH, HaJalITyBaHHS KOJIbOPOBUX
raM, BUKOPHCTAHHS 30BHIIIHIX IUIariHiB, 6i01ioTeku pecypeis i “po3yMHHX”
mabnoniB (iHctpyment SmartDesign), ¢opMyBaHHS KapT HampyXeHOCTI
TKaHUHY, 1HCTPYMEHTH AEMOHCTPALliHHOrO CKJIaJaHHS Ta IiJBIIIyBaHHS
oJIATy, CHHXpOHi3amis 3 pucynkamu Adobe lllustrator, aBropcekuii 3axuct
PO3pOOKH.

[porpamuuii 3aci6 Lotta BukopucTOBYETHCS ajisi CTHII3alii OJIOKIB
(1aboHIB) OfsTy 3a JOMOMOrOI0 MiI00pYy KOJIbOPIB, MarepialiiB TKaHHH,
TEKCTYP.

300paxkeHHst jeraneil oasary (OpPMYIOTBCS Ha OCHOBI TpacyBaHHS
npoMmeniB. Stylezone € xwmapro MmIATHOPMOIO IS JEMOHCTpamii Ta
MIPOJAXY MOJENEN OLIATY.

Fabric Analyzer € 3acobom amHamizy (i3UYHHUX BIACTHBOCTEH TKAHWHH
(TOBIKHA, €TaCTHYHICTD).

Indopmaniss  3unTyeThCs 3 TKAHMHU  CHELIAIBHUM  IIPHCTPOEM.
[IpoanamnizoBaHi BIACTHBOCTI TKAHWHN BUKOPHCTOBYIOTHCS IJIsl MOOYIOBH il
TPUBUMIipPHOI MOJETII.

BisyamizoBaHi TKaHWHU 3aCTOCOBYIOTBCS IPHU MOJIENIOBAaHHI OmATY Ta
MOXYTh OyTH HaKJIaJeHi Ha BipTyalbHUI MaHEKEH.

Y mnpoaykuii Browzwear BHKOpPHCTOBYEThCS po3pobiieHuit Qopmar
U3M, mio Bkitodae iH(OpMaIio Mpo TeKCTypu Ta (i3udHi BIACTHBOCTI
Martepiaiy.

Jo 3aco0iB TPUBHUMIPHOTO MOJIETIOBAHHS OOATY, pPO3POOICHUX
amepuKaHCbkOl0 Kommamiero  Tukatech [4], mamexars TUKA3D,
TUKAcloud, TUKA3D DE Visualizer, TUKAstudio.
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Bukopucranas TUKA3D monsrae y B3aeMomii KopucTyBada 3
TPUBUMIPHHM MaHEKEHOM.

ManekeHnu cpopMOBaHi Ha OCHOBI TPHBHMIPHOTO CKaHYBaHHS aKTOPIB.

BipTyanbHi MaHeKeHH CYNpPOBOKYIOTHCS aHIMAIl€lo, IO BigoOpaxkae
B3a€EMOJIIO JTFOJUHU 3 OJISITOM.

3aci6 interpoBanuii i3 TUKAdeSign, 1o 3abe3neuye KOHCTPYIOBAHHSI
1a0JIOHIB 1 TPpayIOBAaHHS PO3MIPY OJISATY.

HasiBHa 0i0ioTeka TKaHUH i 037100J1€Hb.

[MinTpumyroThes iHTerpariis i3 3acobamu Adobe Photoshop ra Illustrator,
TEKCTYpyBaHHS TKAaHWH, HAKJIAJAHHS JIOTOTHUIIIB.

Takoxk MiATPUMYIOTBCS HAJIAIITYBaHHS KaMepH, OCBITJICHHS, BOYOBaHi
3acobu penjiepuHry st (OpMyBaHHs BIpTyajbHUX (DOTO3HIMKIB OJIATY.
TUKAZ3D DE € Bepciero TUKAS3D a5 nu3aiiHepis.

KopuctyBauy HamaloTbesi BiciM  BOYIOBaHHX  CHIIYETIB  OJIATY.
TUKAcloud e wacturoro TUKA3D i 3abe3meuye B3aeMOIit0 pO3pOOHHUKIB
MoZeJiel OsTY OHJalH.

Yucio kopuctyBadis TUKAcloud y komanzi € HeOOMEKEHOFO.

HasiBHa 0a3a naHux Juis IIEHTpai30BaHOro 30epiraHHst (aiiiB CTUIIO
onAary. 3a0e3nedyroThCs 3acO0M 4aTy, HEPErIiAy CHPOEKTOBAHOTO OHSATY.
TUKAStudio BUKOPHUCTOBYETHCS st AN3AiHY TKAHUH.

[liaTpUMyIOTBCS KOHTPOJIb KIIBKOCTI KOJBOPIB TKAHWHH, TOBTOPEHHS
Bi3epYHKIB, CTBOPEHHS WAaJITp KONBOPIB, 3acO0M TNOJAHHA B’S3aHUX 1
NePeIVIeTeHUX TKAaHHH.

«'pauis» [5] — CAIIP, opieHTOBaHa Ha AM3aliH JIeKan OJATY, Bil
kommasii Grazia CAD.

Cucrema CTBOpeHa Ha OCHOBI MaTeMaTHYHUX METOJIB, PO3POOICHUX Y
IHcTuTyTI Ipobiem mammHOOYayBaHHs AH Ykpainu (M. XapkiB) y 1970-x
pOKax.

3abe3neuyroThesl mepedyqoBa pO3poOICHOTO JeKala BiAMOBIAHO JO
3a/IaHOTO PO3Mipy, HAHECEHHS Ha JIeKala HaIKCIB 1 JIOTOTUIIIB, APYK JIEKasa.
¥ 2000-x pokax A0 3aco0iB aBTOMATH3aIlii PO3KIAIKN Ta KOHCTPYIOBAHHS
JOAaHO 3acO0M aBTOMATH3AIlil IHINMX EeTamiB MOMIUTTS OIATY, 30KpeMa
00Ky BUpOOHHUIITBA.

«['pamisny  BKITIOWae miAgcMcTeMH — au3aiiHy  (po3poOka  ecki3iB),
KOHCTPYIOBaHHS Ta MOJIENIOBAHHS (pO3poOKa JIeKam), iHIWBiAyadpbHHUX i
KOPITOPAaTHBHUX 3aMOBIICHb (IiATpUMKa 0a3¥ BIMIpiB KIIIEHTIB), TEXHOIIOTI1
BHUTOTOBJICHHS (MIATPAMKA 023 BHPOOHWYHX PECYPCiB), POSKIAIKH JIEKall
(mpoekTyBaHHS PO3KIAA0K), MEHEIKepa pO3KIANOK (MATpUMKa 0a3n
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PO3pOOJIEHUX PO3KJIAJOK), IUIAaHyBaHHS KOJIEKIi (KepyBaHHS ILUIaHOM
pO3po0KH Mopeneii), IUIaHyBaHHS BHPOOHHITBAa (YHpaBIiHHA BHITYyCKOM
BHPOOIB Ha OCHOBI PO3pOOJICHHX MojeNeli), 00Ky MaTepiamiB (aHami3
CIHCKY MatepiasiB Ui BUPOOHMITBA ONATY), OONIKY TOTOBOI MpPOIYKIIi
(aHAMi3 TOMIMpEHHS NPOAYKUIl), YyNpaBIiHHS MIAPUEMCTBOM (aHaJi3
BUPOOHUYHX MMOKA3HHUKIB).

HasieHi Bepcii «CrynenT», «Dpinancepy, «Atenbey, «[linnpreMcTBoY.

BucnoBok. CucreMu aBTOMATH30BaHOT'O IPOEKTYBaHHS JIO3BOJISIOTH
MIBUIINTY TPOAYKTUBHICTh BUPOOHUIITBA Oy 3a PaXyHOK 3YMTYBaHHS
XapaKTepPUCTUK TKaHWH, (OpMYyBaHHS INAOJOHIB TOMIMTTS  OZATY,
TPUBUMIPHOI Bi3yaiizalii OAAry, BipTyalbHOTO NMPUMIPIOBAHHS OMSTY Ha
MaHEKeHaxX.
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STUDY BRIDGE STRUCTURES DYNAMICS USING SIMULATION
ON ANSYS
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JOCJII)KEHHSI JUHAMIKHA KOHCTPYKIIIIA MOCTIB 3A
JOIMOMOI'OI0O MOJAEJIOBAHHSI HA ANSYS

Ph.D. A. CraxoBa, Ph.D. A.Bekbo
Crosayvruii mexnonociunuii ynisepcumem, Cnosayvka Pecny6nika,

Abstract. The results obtained from the calculations help determine resonance
frequencies for the vibration modes. The ANSYS software is used to create a three-
dimensional virtual model of the bridge structure, which enables a detailed analysis
of its dynamic behavior. The study specifically calculates the first three vibration
modes of the riverbed metal bridge structure, with numerical results obtained for six
modes. The practical significance of this research is that it can facilitate informed
decision-making for the construction, maintenance and modernization of bridge
structures.

Keywords: ANSYS software package, computer modeling, bridge structures,
dynamics, virtual model

Anomayia. Ompumani pe3yibmamu po3paxyHKie O00NOMA2AIOMb GUSHAYUMU
pe3oHanchi yacmomu Ons pexcumie xoausanv. Ilpocpammne 3abesneuenns ANSYS
BUKOPUCTNOBYEMbCSL Ol CMBOPEHHsT MPUBUMIPHOL 8IpmMyanvhol mooeni mMocmogol
KOHCMPYKYIL, w0 0038056 OemaibHO NPOAHANi3yeamu ii OUHAMIYHY NOBEOIHKY.
Hocniooicennst cneyianvho po3paxogye nepuii mpu pedicumu @ibpayii memanesol
MOCMO8OT KOHCMPYKYII pycia piuKu 3 YUCETbHUMU Pe3VIbMmamami, OmpumManumy
0 wecmu pexcumis. [Ipakmuune 3HAUeHHA YbO2O OOCTIOHCEHHS NONAAE 6 MOMY,
WO 60HO MOdICE CRPUAMU NPUITHATIMIO OOIPYHMOBAHUX PileHb w000 OYOIeHUYMEa,
00C1y208Y8aHHA MA MOOEPHIZAYIT MOCIOBUX KOHCMPYKYIL.

Knouosi cnosa: npocpamnuii komniexe ANSYS, komn’tomepne modentosanms,
MOCMOBI KOHCIMPYKYii, OUHAMIKA, 8ipmMYyanbHa MoOens

The investigation of the dynamics of bridge structures is a multi-step
process that involves analyzing the forces and loads that the bridge must
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withstand, modeling and calculating the predicted behavior of the structure,
and assessing its vibrational characteristics [1,2].

Important factors that are taken into account during the initial analysis
stage include the effects of road traffic, wind, train vibrations, and other
dynamic factors that may impact the bridge [1].

Numerical modeling and calculations are then carried out to determine
the resonance frequencies, as well as to predict and optimize the dynamic
behavior of the bridge under different conditions [2].

Finally, assessments of vibrational characteristics such as amplitude of
oscillations, natural frequencies, and damping are carried out [3]. Various
tools and techniques can be utilized during the process of researching the
dynamics of bridge structures.

These include sensors, accelerometers, deformation sensors, and other
instruments used for data collection and vibration monitoring [4].
Additionally, modern computer programs offer novel numerical modeling
and analysis capabilities, enabling more accurate predictions of a bridge's
behavior under different conditions [2].

The importance of this kind of research cannot be overstated; it provides
critical data for informed decision-making for designing and maintaining
bridge structures that are efficient, reliable, and safe for transportation [1].

Additionally, the techniques and software utilized during this research
reduce the risks of unforeseen circumstances by allowing engineers and
researchers to accurately predict and consider different dynamic factors that
may impact the structure [2].

Dynamic testing of bridge structures involves various categories of
dynamic actions, including moving dynamic loads, impact dynamic loads,
and continuous vibration loads.

These actions lead to both vertical and horizontal displacements, with
the effect on load-carrying capacity depending on the structure's purpose.
For road bridges, vertical oscillations are typically the focus, while railway
bridges require attention to horizontal vibrations. To study the dynamics of
bridge structures and extract information about their characteristics, modern
software packages like ANSYS are often used.

Given the complexity of bridge models and the need for accuracy and
realism when considering multiple factors such as dynamic loads,
environmental changes, and interactions with surrounding objects, such
software is essential. The finite element method is one technique employed
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in ANSYS and similar software packages to analyze complex bridge models
and obtain accurate results.

Overall, the use of software packages like ANSYS enables researchers
and engineers to address the complexities of modern bridge design and
construction.

By accurately analyzing the dynamic loads, vibrations, and other factors
that impact these structures, this research can help ensure their safety and
reliability in providing efficient transportation networks.

Using modern software tools, including ANSYS, is an effective method
for studying the dynamics of bridge structures, providing valuable insights
into their behavior and supporting informed engineering decisions.

For the purposes of analysis in the ANSYS software package, a bridge
structure was selected. It consists of eight spans: seven approach spans and
one main span (see Figure 1).

The bridge employs a deck-truss configuration for the approach spans
and a truss system for the main span (3x16.76 + 53.30 + 4x16.76).

Figure 1. Calculated forms of vibrations of a metal truss bridge structure

The overall length of the bridge is 171.64 meters. A three-dimensional
virtual model of the bridge structure was created taking into account its
geometry, materials, and connections.
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Dimensions, shape, and material properties were specified for each
structural element, such as stringers, piers, and connectors.

Analysis of modes and frequencies of natural vibrations in the ANSYS
software package involves carrying out a specific sequence of tasks.

Calculations were performed for the first three modes of vibration of the
metal superstructure over the river using ANSY'S (see Figure 1).

Table 1 presents the numerical results of calculations for the first six
modes of vibration of the metal superstructure over the river.

Table 1. Calculations of vibrations for a metal deck truss bridge structure

Ne Oscillation form 1 2 3 4 5

Resonance frequency, fp, Hz 2,51 3,24 3,57 3,96 4,74

Thus, with the use of modern technologies and research methods, the
study of the dynamics of bridge structures becomes more precise, detailed,
and efficient.

These methods allow for considering complex physical interactions and
operational conditions, conducting virtual tests, and optimizing the design to
ensure its safety and durability.

Such research holds significant importance for engineers and designers,
assisting them in making informed decisions during the construction,
maintenance, and upgrade of bridge structures, thereby ensuring the
reliability and stability of these vital infrastructure assets.
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DESIGN OF INFORMATION AND KERUYUCHOY SYSTEM OF
FUNDING OF DIALICY OF BUSINESS OF RETAIL TRADING

A. Azarenkov O., Dr.Sci. V. Vychuzhanin
Odessa Polytechnic National University, Ukraine

Annomauin. Y pobomi Hagedenmi  pezynbmamu  pO3POOKU  NPOEKMY
inghopmayitino-xepyrouoi cucmemu RIOMPUMKU OISTbHOCME RIONPUEMCME PO30PIOHOT
mopeiéi.

Kniwouosi cnoesa: ingopmayiiino-xkepyioua cucmema, 66ydogana cucmema,
opyKogana niama.

Abstract. The work presents the results of the development of the project of the
information management system for supporting the activities of retail trade
enterprises.

Keywords: information and control system, embedded system, printed circuit
board.

B ocHoBy po3po0enoi IC mnst aBromatu3zaliii JisuIbHOCTI IMiIPHEMCTB
po3apibHoi TopriBimi moknazeHa crBopeHa rmiata FOR 3 pospoGieHum
MporpaMHAM 3a0e3MeueHHsIM, Mo 3abesmedye Oe3mepebiiHy poOOTy
KacoBHX amaparis (puc.1).

HwxHilt piBeHb CHCTEMU TIPU3HAYEHUH 17151 OOpOOKHM CTAaTyCiB 1 A3BIHKIB
3 kac. ICS mpamroe B pesxxumi 6e3mepepBHOT 00pOOKH TOMIH.

Hanpuknan, SKIIo 3amuT Ha BiIKPUTTS KaCOBOT'O anapaTy HaJXOAUTb Bij
MyNbTa Kach, CHCTeMa TeHepye 3BYKOBUH CHTHAN, SKHUH IOBiIOMIISIE
MepCcoHall PO BiAKPUTTS KacoBOTO amapary, IO TaKOXK CYNPOBOKYETHCS
CBITIHHSM Ha Ta0JO BIONOBIAHOTO CBITIONIONA Ta 3€JICHOTO KOIHOPY Ha
CBITJIONIOMHIH CTPIUII.
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Till tableaus

Pucynox 1. Cxema gpynxyionysannsi cucmemu FOR

[lix wac pobOTH cHCTEMH TaKOX IependadeHa po30JOKYBAaHHS TaKUX
GYHKIA, SIK: BUKIMK MEHe/Kepa, 3aMiHa KachpiB; TMOBIOMIICHHS IPO
3aKpUTTS Mara3uHy; MOBIJJOMIICHHS CIIBPOOITHUKIB, IO WIYyTh HA MEPEPRBY;
BKJIFOUEHHS CATHAII3awmi 1 T. II..

Cucrema takox o0po0OIisie iHpopMallito 3 IIIAT PO3IMIMPEHHS, & caMe PO
JOBI'Yy 4epry IOKYIIIiB 3 JaT4UKiB pyXy, CHTHAJIN Bl CIyXOM Oe3mexw,
CHTHAJIH BiJl BipTyaJbHUX KACOBUX amapaTiB Ta iHIII.

B ICS BOymoBaui Mikpomporecopu, NpOTpaMHUN KOX M SIKHX
HamucaHWii MoBO mporpamyBanHi C B cepemoBumii po3podkum [AR
Embedded Workbench IDE.

AmapaTtHoto ocHoBOO cucremun € mmiata FOR-board. Crpykrypa
amapaTHOro 3a0e3ledeHHs IUIaTH BimmoBimae rpadiuniii momemi (puc. 2).
ITnata FOR (puc.2) peectpye, 00poOiisic 3MiHU CTATYCY 1 TeHEPYE BUKITUKH
KacoBOTO arnapary.
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i nmani BimoOpakalOTbCS Ha MOHITOpI CTaHy, a TaKoX B PI3HHX
KOIIbOpax CBITJIONIOZIB Ha TWyJAbTI UCTAaHLIHHOTO KEpyBaHHS, IIpH
BIITBOPCHHI aymio-(QaiiiB i T. 1.

HanamryBanns r1uiati poOuThest 3a jmomomoroto mporpamu  FOR-
manager. Ilmata FOR 3a3Bu4aii po3MimlyeTbCs B CEpBEpHIH KiMHATI
T ATTPUEMCTBA.

LED-ports | SD-card | USB-part

nonvoiatile memory

UlOpors 9 repskrHCTES \

g e sy gt e————— |

N

i
5
B
[

e [ | audiooutputs

ethemet port

Pucynox 2. Mooenv anapamnoeo 3abesneuenns FOR-nramu

Cxemy mratu FOR-board naBeneno Ha (puc.3). Ha mrati FOR mpucytHi
Hactynui opta: 8 mopris till min kac (tabby) - BOHH BHKOPHCTOBYIOTHCS
criBpoOiTHUKaMu KacoBux amapariB; mopt CAN s  migKIFoueHHS
JOJaTKOBUX IUIAT, TAKUX SK IUTaTa PO3IMIMPEHHS, HAIPUKIan, mii 16
KACOBHX alapaTiB; IUIaTa miss po0OTH 3 JaTYMKaMH Yeprd, IUlaTa s
poboTtu 3 pamisMu TepcoHaly i T. n.; mopT RS 232 mis HamaromkeHHS
¢yukuiit; [Topt Ethernet s mimkmouenns mwiatk g0 Mepexi Ethernet; nsa
ayIio-TIOpTH A7 BUBEACHHS aymio-daimis; USB-mopT mist miaKITFOueH S 10
komm'torepa (abo no turatn Raspberry Pi); mopt mist SD-kapTw - Ha Hii
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30epiraroThest aynio-(haiii 1 BUKOHYIOTBCS JIesIKi TPOrpaMHi MpOLEIypH;
BiCIM MOPTIB JUISI CBITJIOMIOMHUX CMYT (CBITJIOMIONIB), IO BiOOpaKaroTh
CTaH KacOBHMX alapaTiB JUId TOKYIIIB; /JBa TIOPTH BBEACHHS/BUBEICHHS
(BXim/BHXim) A MiIKITIOUSHHS BUKIMKY Ha 3aaHboMy Bxomi (Backdoor
Bell) a6o mnatu posumpennst U 1/0; nBa BUXiAHUX TMOPTH AJIS BUBEICHHS
JIOATKOBUX CUTHAJIIB; OPT JUIS XKUBJIEHHS IUAaTH 24 B mocTiiHOro ctpymy.
Takox mo mikponpouecopa AMD Ha maTi po3MillleHi: eHeproHe3aieKHa
nam'siTh; JUKaMIIEPH; 1HII €ITeMEHTH CXEMH.

usB
connector

LED-strips ports
SD-card
port l
‘ \ I

’ — right
audio-channel

’ — left
audio-channel

Input/Output —
port1

Input/Output —
port 2

N “e=4 WLAN-adapter
Output port 1—

Output port 2 —

Power supply —| i 1 i
connector 24V B . LAN-adapter

1 7 8

1 |
Ii Tableau ports —‘

CAN-port

RS-232
debug port

Pucynox 3. Cxema FOR-niamu

bitoBuii Qaiin BOYIOBaHOrO MPOrpaMHOTO 3a0e3MeUeHHs IMPOrpaMHO
BOINTHA B  MiKpomporecop, 3a0e3medytoun  (QyHKIii:  30epiraHHs
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KOPHCTYBAIlbKUX 3HAueHb, BUKOHAHHSA OOYHCICHb, 0OpoOKa i reHeparris
MO, 3B'I30K 3 TOJATKOBHUMH MPUCTPOSMH i T. I,

Kusnennss Mikponporiecopa 3[iMCHIOETbCS — 4epe3  cTadinizaTop
Im2576hvs-adj i deep-mxamnepu.

Deep-mxamnepy npu3HayeHi Uil NepeHaJalTyBaHHI PEXXUMIB poOOTH
IUIATH Ha HU3BKOMY (TJIHOOKOMY) IPOrpPaMHOMY PiBHI.

Hesanexxna mam'site 103BoJIsIE 30epiraTi BHYTPIIIHIA 3BOPOTHUI BiJUTIK
Yyacy poOOTH IUIaTH HaBiTh y BUMKHEHOMY CTaHi, a TakoX 30epiratu
CHCTEMHI CTaTyCcH Ha JIeIKUi Jac y pasi 3001B jxuBieHHs ruiaTh. [HTepdeiic
JTAG BHMKOpPHUCTOBYEThCS TpPH OHOBJICHHI TIPOIIMBKM IIpoliecopa 3a
noromororo mporpamatopa STM32 ST-LINK.

3 BEpXHBOI CTOPOHM MOJENI 10 CBITJIOMIOAHHUX MOPTIB IiIKIFOYCHI
CBITJIO/IIOHI CMYTH, IO CHUTHAII3YIOTh KIIEHTaM 1 TMEPCOHANIy PO CTaH
KaCOBHX aIlapaTiB i 4epr.

[Moptn migkmroueHi 0 Mikpompoiecopa depes pericrpu 74hc595. Ha
SD-kapti  30epirarotecst  aymio-gaiinu  cuctemu, (aill  MOTOYHUX
HaJlalITyBaHb, a TAKO)K BHKOHYIOTHCS AESKI IPOLECH (HalpUKIIal, OHIaiH-
3aBaHTa)KCHHS HAJAIITYyBaHb 3 cepBepa). SD-kaprTa mpalifoe B NMOEJHAHHI 3
nam'sttio FTDI 2048-C.

TakuM uWHOM, TOproBa Oprasizaiis 3a JONOMOIOK JOJATKOBOTO
MIPOrpaMHOro 3a0e3IeUeHHs] MOXKE HaJIAIITOBYBATH MapaMeTPH 1 MOBEAIHKY
cucremMu, KoHTpomoBaTd crtaH IC uepe3 BinjajeHUil KOMII'TOTEPHUI
TIPUCTPIH.

3BYyK BiJl MOJiH, 1110 BiIOY/IHCS BUBOAUTHCS HA JiBa aylio-MOPTH. Ayio-
Gbaiinu po3MOAIIAIOTECSA IO JBOX KaHalaX, 3aBISIKH 4OMY OJIHA YacTHHA
aylio MOXeE BIATBOPIOBATHUCS Uil KITIEHTIB, a IHIIA 4YacTHHA - JJIs
nepconany. SD-kapra, USB-mopr 1 aymio-mopTd MiAKIIOYEHI 10
mikpocxemu VLSI VS10538, sxa monepenaso 00pobisie curHaimm mepen ix
IOoJa4uero B MiKpPOIPOIIECOD.

Pos'emn st esp wroom 32 - e moTeHmiitHa QyHKIioHaNbHICTh API s
migkrroueHHs miat ESP.

3a momomororo kabemro Ethernet mmata moxke Oyr migkIrOYeHa 10
Iareprery abo mokampHOi Mepexi. Till-mopTn BHUKOPHCTOBYIOTBCS IS
T IKITFOYSHHS TIAaHeJIeH YIIPaBIiHHSA Ha Kacax.

i moptm miakmiodeHi OO MiKpomporiecopa dYepe3  eIeKTPOHHI
KOMIOHeHTH npernporecopa ADM20SE.
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JAOCJIUKEHHSA MOXKJ/IMBOCTI BIﬂMOBHOQTIﬁKOi POBOTHU
KOMIT'IOTEPHOI CUCTEMH B HENTO3UIIMHIU CUCTEMI
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Abstract. The activity of the human brain is close to the holographic principles
of information processing, which, in turn, is consistent with the methods and
algorithms for information processing in the SRC.

Keywords: algorithms for information processing in the SRC

Annomauia. [isnonicms 1100CbK020 MO3KYy Habaudicena 00 2010epagiunux
npuHyunie 06pobKu ingopmayii, wo, y ceoio uepay, y32004CyEMbCsi 3 MEMooamu ma
aneopummamu 06pooxu ingpopmayii ¢ SRC.

Kniouosi cnosa: ancopummu o6podxu ingpopmayii 6 SRC

A explore of the process of functioning of the CS in the SRC was carried
out based on the use of the principle of fault tolerance.

In the SRC, the fault tolerance of the CS is ensured by taking into
account the main properties of this non-positional number system, namely:
independence, equality and low-bitness of the residues, the totality of which
forms a non-positional code structure [1].

For the purpose of convenience and clarity of the research of the process
of functioning of the CS in the SRC, the article introduces an (n+1)-bit
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binary code that displays a set of signs of a operable state of the computing
tract of the CS.

By means of this code, an analysis of various modes of fault-tolerant
operation of the CS in the SRC was made: the mode of multilevel
replacement and the mode of gradual degradation of the computing tracts.
And, finally, an analysis of the complex mode of fault-tolerant operation of
the replacement mode with subsequent gradual degradation of the CS was
made.

A simplified structure of a fault-tolerant CS in the SRC (a device for the
simultaneous implementation of structural, informational and functional
reservation in the SRC) is presented.

The peculiarity of the functioning of this device is to expand the
functionality by replacing with one operable CCT not one, but
simultaneously several inoperative computing tracts.

This allows you to significantly increase the fault tolerance of computing
structures due to the possibility of simultaneous use of three types of
reservation: structural (due to the introduction of a control computing tract,
functioning in parallel with the main computing tracts), informational (due
to the use of additional output information of the CCT, which provides the
possibility of correcting distorted information) and functional.

The above example shows that in the SRC, unlike in the position number
system (PNS), the introduced additional redundancy is used to the maximum
extent possible to improve the characteristics of the CS [2].

Indeed, the use of any type of reservation ultimately leads to structural
(hardware) redundancy, which in the SRC (unlike PNS) is used to organize
several different types of reservation at the same time, which increases the
utilization factor of the introduced redundant and common total equipment
of the CS [3].

Examples of fault-tolerant functioning of the CS for a specific set of the
SRC bases are given.

Comparative analysis of the results of research conducted in the article
showed the following.

With fault-tolerant operation in replacement or replacement modes with
subsequent gradual degradation, the CS in the SRC is more efficient than the
similar CS in the PNS.

For the process of gradual degradation (graphical model) got that the CS
in the SRC (=1, k=1) is more than twice as efficient as the analogous
computing system in the PNS.
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The use of the SRC as a number system makes it possible to create a CS
structure similar to the structure of a reserved computing system in the PNS.

This circumstance, along with other positive aspects of the use of non-
positional coding, due to the influence of the main properties of the SRC on
the structure and principles of functioning of the CS, allows us to consider
the non-positional number system in the residual classes as a powerful tool
for increasing the fault tolerance of the CS.

This organization of various types of reservation at the same time due to
the introduction of structural redundancy is characteristic of the structural
and functional organization of the activity of the human brain and can
provide high fault tolerance, reliability and survivability of computing
structures, as well as a high speed of processing huge amounts of
information [4].

In this aspect, the activity of the human brain is close to the holographic
principles of information processing, which, in turn, is consistent with the
methods and algorithms for information processing in the SRC.
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Abstract. A transport system model based on neural network can be used in the
synthesis of algorithms for optimal control of a conveyor section flow parameters, in
order to reduce the specific energy consumption of material transportation.

Keywords: neural network, conveyor section

Annomauin. Mooenv mpancnopmmuoi cucmemu Ha OCHOGI HEUpPOHHOI Mepedici
Modice OYmMuU 8UKOPUCIAHA NPU CUHMEST AN2OPUMMIE ONMUMATLHO20 KePYBAHHS
napamempamiu  nOMOKY — CeKyii KOH8eEpa 3 Memolo  3HUNCEHHA  NUMOMUX
EHep2osUMPAam HA MPAHCROPMYBAHHS MAMePIany.

Knruosi cnosa: netiponna mepesrca, nomok cexkyii kongeepa

Belt conveyors are one of the main types of permanent transport in the
mining industry [1]. Current trends in the mining industry require an
increase in rated power of transport system and its length. The total length
of the modern Conveyor-type transport system exceeds 100 km, and the
length of a separate section is up to 20 km. The cost of energy for
transportation is a significant part of the cost of the transported material and
of the mining costs. Synthesis of algorithms for optimal control of the flow
parameters of a conveyor-type transport system is a way to reduce the
specific energy consumption for material transportation [2]. When designing
a control system for the flow parameters of the conveyor-type transport
system, the analytical models were proposed as a model of a conveyor
section. However, the efficiency of any analytical model decreases with an
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increase in the number of sections in the transport system. In this regard, the
problem of building models of the transport system containing many
sections becomes an urgent problem [3]. This circumstance explains the
recent appearance of a sufficient number of works devoted to the use of a
neural network for modeling a transport pipeline. The main problem that
hinders the widespread use of neural networks for building these models of
multi-section transport systems is the lack of appropriate data sets for
training a neural network. So, it is necessary to form a countable number of
data sets, which are characterized by a certain correlation function and the
distribution law, and which can be used to train a neural network. To
construct a generator of a random process, it is required to know the law of
distribution of the value of the input flow entering the transport system and
the form of the correlation function. As a zero approximation, theoretical
assumptions about the form of the correlation function and the distribution
law of a random variable can be used. The theoretical assumptions must be
substantiated by experimental results. In this paper this is made based on the
assessment of functioning systems experimental data. The statistical data of
the input material flow is taken for the bucket-wheel excavator SRs 2000
[4], which are shown in Fig.1.

Aft) i
G000 -
5000
4000 4
3000

2000

1000

v v ' T - -
1690 1700 1710 1720 1730 1740

Figure 1. 1. Input material flow for the SRs 2000 bucket-wheel excavator

[4]

The random variable A is introduced as dimensionless variable .
Fig.2, Fig.3 show the correlation function Ky (9) of a random process
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V() | as well as the distribution density f_ () and f..(¥) of random
variable y .
The expression for the function K (), as a first approximation, to

confirm the assumption that the input flow A(t), coming from the mining

equipment to the conveyor section can be modeled as a stationary process
with an ergodic property in terms of the average value [5].

k{&)

0.1 0.2 0.3 0.4 0.5

Figure 2. Correlation function K (:9)

A comparative analysis of the discrepancy between the statistical
distribution f () and the theoretical distribution f, () according to the

Pearson goodness-of-fit test ;(2 does not allow to confirm the theoretical
assumption that the random variable y has a normal distribution law, Fig.3.

On the other hand, the existing recommendations that the correlation
functions can be approximately represented in exponential form are
confirmed.

The analysis and generalization of the obtained results will make it
possible to form a countable number of data sets characterized by a certain
correlation function and the distribution law of a random variable that can
be used to train a neural network. A transport system model based on such
neural network can be used in the synthesis of algorithms for optimal
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control of a conveyor section flow parameters, in order to reduce the
specific energy consumption of material transportation.

fly)

Figure 3. Distribution density f;(y)and f  (»)
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Abstract. Using a parallel and distributed architecture results in improvement
on runtime performance depending on the number of processors, runtime.
Keywords: parallel and distributed architecture

Annomauin. Buxopucmannsi napanenvnoi ma po3nooinenoi  apximexmypu
noKpauwgye npoOyKmuGHICMb Nio 4ac 6UKOHAHHS 3A1€HCHO IO KIIbKOCMI npoyecopié
i Yacy GUKOHAHHS.

Knrouoei cnosa: napanenvrna ma po3nooinena apximexmypa

In computer science, graphs are well used as a data type for researches
and applications also used as a mathematical model for computation based
systems and researches.

Graphs based hypercube, and their variants, are commonly used in
computer architecture [1] and studied [2,3,4,5]. In networks, if the message
is transmitted to one node, a unicast routing technique is used. In this study,
the routing algorithms for the hypercube is given.

The number of 1 bit in S@D (direction) is used to determine the
minimum distance between destination D and source S.

Starting with the direction's least significant 1 bit, each node in the route
can be determined by XOR operation on the current node and a next 1 bit of
direction.
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Algorithm 1: This algorithm calculates unicast routing for con-
nected square network graphs using similar approach Hypercube's
unicast routing algorithm (iterative process).

Data: k,m and S: source, D: destination, M SG: message, r: route
Result: MSG message is transmitted from S to D using r

begin

dir=S@D

r[0] = Source

J=1

fori=1ton—1do

if dir(i) == 1 then

rlij]=rli - 1]@2
i) £ rli =1
J=1+1

The Algorithm 1 determines the unicast routing for H(n) (see [5]). The

running time of the Algorithm 1 is O(n-1) while there is one loop runs n-1
times that is one less than the degree of the hypercube.

Algorithm 2: This algorithm calculates unicast routing for Hyper-
cube using divide and conquer approach (recursive process).

2
3
4
5
6
T
8
9

Data: § = source, DD = destination, M S5G, n=size of § and D
Result: M SG message is transmitted from S to D
1 Function Route Msg(S, D, MSG,n):

if S==D orn==0 then
| return 0

end

if S[n]€p D[n] ==1 then

| S|n| = Dln|

end

return Route_Msg(S, D, MSG.n — 1)

End Function

The Algorithm 2 uses the divide and conquer strategy for H(n). The

Algorithm 2 has a recurrence relation as

T(n) = T(n—h) + h8(1) = 8(n)
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Algorithm 3: This algorithm calculates unicast routing for Hyper-
cube using divide and conquer approach (recursive process).
Data: S = source, D = destination, direction : dir = S D,
route : v = r[n] (n elements in an array), MSG: message

Result: MSG message is transmitted from S to D using v where is
an empty array with n size

Function Route (S, dir,r,left, right):
if left == right then

rlleft] = S @dir[1, right|*2n—right

return 0
end
mid =|(left + right)/2
Route(S, dir,r,left, mid)
Route(S, dir,r, mid + 1, right)
End Function

=

[= T T =~ I+ L SR R &)

10 fori=01ton—1do
i | rfi4 1) 229 )

12 end

The Algorithm 3 uses the divide and conquer strategy to determine
unicast routing for H(n). The recurrence relation of the Algorithm 3 will be
T(n)=2T(n/2)+(1). According to the Master method Case 1 running time is

T(n) = 2T(n/2) + (1)0(n'°8 %) = O(n)

Because there exists cycles in message sending graph is not a simple
graph. There are three distinct scenarios of the execution time of Algorithm
3 in a parallel architecture. For H(n) in this case, the address length is n.

Case 1. 2" processors, where n € N, the address length < 27 1. running
time is
lg(address length)
-1
Case 2. 2" processors, where n € N, 2" > address length > 2" ,

running time is
lg(mumber of processors)

Case 3. 2" processors, where n € N, address length > 2“, running time is
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Z(Hg(address length)]-1g(number of processors ) Ig (number of pI'OCESSOI'S)

Using a parallel and distributed architecture results in improvement on
runtime performance depending on the number of processors, runtime.
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COMPUTER MODELLING AND INVESTIGATION OF
INVESTMENT PORTFOLIOS

Dr.Sci. N. Kuznietsova, O. Shevchuk
National Technical University of Ukraine "Kyiv Polytechnic Institute named after
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Anomauin. /[ns eupiwennss 3a0aui opmyeanns iHgecmuyilino2o nopmgeis
PO3pobNEHO cucmemy, AKa O00380JAE GUKOHY8AMU MNONEPeoHt0 0OpoOKYy Oauux i
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PO3POOKY pi3HUX MOOeell, MaKuX K. MOOelb nputiHamms piuiens, mepexci baiieca,
Mmodeni Mapkosiya i3 onmumizayiero 3a koeghiyienmom Lllapna ma minivizayiero
PUBUKIB, a Maxodic mMoodenv wmyunoeo inmenekmy. bByno euxonano modenosannus i
nopisHAHHA eheKmUBHOCMI Yux mooeeli Ha PeanbHux iCMOpUYHUX OAHUX.

Knrouosi cnosa: wmyunuii inmenekm, mooenv Mapxosiya, mepesca baiieca,
epadienmuuil Oycmune, ingecmuyitiHull nopmaens.

Abstract. The system for investment portfolio forming has been developed, which
gives the possibility for preliminary data processing and its converting into required
format, different models construction. It was developed such models as decision-
making model, Bayesian network, Markowitz models with the Sharp ratio
optimization and risk minimisation as well as artificial intelligence-based model. It
was made the modelling and comparison of the models’ efficiency on the real
historical data.

Keywords: artificial intelligence, Markowitz model, Bayesian network, gradient
boosting, investment portfolio.

Jnst mBuakoro 30iNbIIEHHS KamiTaly, JIIOAWHA BKJIAJa€ Tpoul y
HEpYXOMICTh, KyIlye pi3HI BajJiOTH 1 akmii KommaHid, To0TO (opmye
iHBecTHLIHIA TOpTdenb. [ CTBOpEHHS SKICHOrO 1HBECTHIIMHOTO
noprdento MoTpiOHO IpoaHaNi3yBaTH 3HA4YHY KUIBKICTh (DiHAHCOBUX
MOKa3HUKIB. Y Haiiii poOOTi BUKOHAHO JIOCHI/PKEHHSI PI3HMX METOJIB Ha
peanbHUX JaHUX, Cepell SIKMX: TOKBapTalibHI 3BITHM KOMIIAHIH, IOACHHI
3BITU KypCy aKIliii, Ta ycTaHOB4I JaHi kommanii. [IpoanasizoBaHo Oinblie
500 xommnasi# B nepiox 3 01.09.2017 mo 28.09.2022.

OcHOBHUMH MOJIeISIMU (DOPMYBAHHS IHBECTHIIIHHUX MOPT(HETiB 00paHo:
MOJIeJIb MIPUAHSTT pitieHs [ 1], Monens MapkoBila, ONTHMi30BaHa ILISIXOM
MakcuMizanii kputepist Illapna ta miHiMizalii pu3uKoBaHOCTI MOPTQENTto
[2], mepexa Baiieca [3], a Takok po3pOOJEHO BIACHY MOJIeNb HA OCHOBI
METOAY TPali€HTHOTO OYCTHHTY [4] 3 eeMeHTaMH MTYYHOTO IHTETEKTY A
NPUAHATTS pilieHb moao0 (opMyBaHHs mopTdernro. Yci Mojaeni y Hamiii
CHCTEMI TPAIIOI0Th OKPEMO, IO T03BOJISIE TOPIBHIOBATH 1X €EKTUBHICTH Ta
o0upaTH  ONTHMAaJIbHHN  MeTon I  1moOymoBH  MPHOYTKOBOTO
IHBeCTHIIIIHOTO TOpT(deo. AHaNI3yBalIUCh TaKi TOKa3HUKU siK: Netinc
(uuctuit mpudytox), EBITDA (mokazHmk mnpuOyTKy A0 BigpaxyBaHHS
BHUTpaT IO BUIDIATI BiJCOTKiB, mopatkiB, amoptu3aiii), FCF (BimpHuUi
rpomoBuii moTik), Current ratio (koedimieHT mikBimHOCTi). L{i MOKa3HUKH
BIMBI U YCiX MoOjenei, okpiM Momen MapkoBina, sika BUKOPHCTOBYE
JUIIEe IiHY akmiid st GopMyBaHHS HOpTQeno. BaxxmmBuMu IMOJEHHUMHU
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moka3Hukamu €: Close (IiHa 3akpuTTA Kypcy akimiif) i1 Marketcap
(xamitamizamis). Haiikpamyi pe3ynbTaTH IMoOKaszana MOJENb  IITYYHOTO
IHTEINIEKTY 13 HaHOUTBII MPUOYTKOBUM iHBeCTHUITiTHUM TIopTdenem (Taom. 1).
Bucoki mokasHukn edekTHMBHOCTI TOKazana Monenb Mapkosina 3
ONTUMI3aIIEI0 NIUIIXOM Makcumizaltii koedimienrta [lapma. Yci inmm Mmomeni
copmyBanu HenpuOyTKOBi mopTdeni. OTpuMaHi pe3yabTaTH i ITBEPIHIH,
mo po3pobienuit Merox Ha ocHoBu LI mae Bumyy edekTuBHICTH, HiX
KJacW4HI MeTO[W, a IHBECTHULIWHHMI TOpTQenb MpUHIC HaWBUILY
npuOyTKOBiCcTh cepen iHmmMX noprdenis. Cam noprdens € 30anaHcoBaHUM,
IO CBIMYMTH NMpO Horo HaaikHicTh. IlepeBara pospobieHoro merony Ha
ocHoBi Il momsirae B TOoMy, IO BiH aHalli3ye PUHOK B IIOMY 1 MOXe
NIOPIBHIOBATH KOMIaHii MiX cO0O¥0.

Tabnuus 1. TlopiBHSHHS OTPUMAHUX IHBECTHLIWHMUX TOPTQETiB Ha
OCHOBI pI3HHUX MoJieeil (BKa3aHi JIHIIE KITFOYOBI 00’ €KTH)

Momems Mapkogima Mozmens Mapxogina Momgens Ha oCHOBI
(= Maxcm xoed.

Kommaniz P:ﬁ Caimpms.) Illapma) W
IIpoueHT Hoxig IIponeHET Hoxig IIpoumenr  Hoxix

TSLA -64.24 14 -85.94 39 -250.54 - -
STLA -4.77 23 -10.97 2 0.95 10.72 -51.13

™ -8.15 333 -271.40 2.7 -22.01 - -

ADBE -87.1 14 -121.54 21 -181.91 - -
ORCL 8.36 16.9 141.28 1.3 10.87 9.50 79.43
PAYO 2.08 0.8 1.66 0.3 0.62 13.80 29.71

NWVDA -37.17 0.9 -33.45 2.7 -100.36 - -
SONY 2.76 3.0 8.28 0.1 0.28 9.61 26.53
WWE 12.68 16.4 207.95 489 620.05 720 91.35

Total profit -105.67 96.75 19593
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BU3HAYEHHSA ITAPAMETPIB EJIEKTPOHHUX KOMIIOHEHTIB
HA BA3I KJIACU®IKAIIIL 3 BEUBJIET-IIEPETBOPEHHSIM TA
JJAHIIOT'IB MAPKOBA
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DETERMINATION OF PARAMETERS OF ELECTRONIC
COMPONENTS BASED ON CLASSIFICATION WITH WAVELET
TRANSFORMATION AND MARKOV CHAINS

Dr.Sci. G. Shcherbakova, S. Minaev
Odessa Polytechnic National University, Ukraine

Anomauis. Jlocniodceno memoouxy 3acmocyeanns kiacuixayii 3 eetieiem-
nepemeopeHHAM NPy agmoMamu308aHOMy nepeddayeHHi napamempie eneKmpoHHUX
Komnonenmis na 6asi nanyroeie Maprosa. Takuii nioxio 003601ums CKOPOMUMU 4ac
BUPOOHUYUX — [CNUMI6 O/l €IeKMPOHHUX ~KOMNOHEHMI8, wo obupaioms Ois
BUKOPUCMAHHA 8 00820 NPAYIOIOYI anapamypi 8i0N08i0AIbHO20 NPUSHAYEHHS.

Knwouosi  cnosa: rnacughixayis,  eeiienem-nepemeopenns  (BII),  wiym,
eNleKmpoHHa anapamypa.

Abstract.The technique of applying classification with wavelet transformation
for automated prediction of parameters of electronic components based on Markov
chains was studied. This approach will allow to reduce the time of production tests
for electronic components selected for use in long-term equipment of responsible

purpose.
Keywords: classification, wavelet transform (WT), noise, electronic equipment.

Hns Toro, mo0 CKOPOTHTH BHUTpPATH dYacy i 3JCHICBUTH BUPOOHHHI

ICIIMTH TIPH OIHII BUXOIY IMapaMeTpPiB €IeKTPOHHUX KOMITOHEHTIB 3a MEXi
NoJIi  JOIMYCKY BHUKOPUCTOBYIOTH ~ ABTOMATH30BaHE IPOTHO3YBAaHHS
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mapaMmeTpiB BUpoOiB [1,2], Hampukiam, TpPU BiAOOpI KOMITOHEHTIB IS
amapaTypu BIANOBiIadbHOTO Tpu3HA4YeHHs. Uepe3 ckiaaHy, 3 OaraTbMa
eKCTpeMyMaMH (BiIHONICHHS CHTHai/3aBaga g0 10 1o ammmiTysmi)
TIOBEPXHIO (PYHKIIOHATIB SIKOCTI B POOOTI NMPOMOHYETHCS BHKOPUCTATH Ha
OHOMY 3 €TaIliB pO3pOOJICHUH Il TAKMX YMOB METOJ Kiacudikamii Ha 6a3i
BeiiBier meperBopenns (BIT) [3]. OcobnuBocti knacudikarii 3 BIT Gymu
MEPEBIPEHI CKCIIEPUMEHTANbHO. Sk 3HaueHHs peamizaniii (QyHKIioHATY
Q(X,C) mpu omiHIi 3aBaJOCTIHKOCTI METOAY B POOOTI MPUHHATO KiIbKiCTh
00'€KTIB, IO MOMUIKOBO KiacudikyroThes 3a mormomorow C. Iporemnypa
knacudikauii Oyna moxiseHa Ha JBa e€Tany: PeXUM HaBYaHHS Ta POOOUMI
pexxum. OOpanuii Meton Kiacudikallii J03BOJUB MPOBECTH MOALI KIaciB y
NPOCTOPI O3HAK 3 BHUCOKOK CTIMKICTIO 70 mepernkosd. [t JoCiiaKeHHs
3aBaJIoCTIMKOCTI MeToy Oyia mpoBeAeHa Kiacudikaiis s ABOX KIIACIB Yy
NpOCTOpI O3HAK B YMOBax Mepelkoy (poOoumii pexuM) Ta OliHEeHa
3aJIeKHICTh 3MIHHM CYMapHOi WMOBIPHOCTI MOMMWJIOK IEPIIOrO Ta JPYroro
pony P 31 301TBIIICHHSIM OIIIHKA BiZTHOCHOT BEJIMUMHU
CepeHbOKBAIPATUYHOTO BIJXWIICHHS MapaMeTpiB kiacy. B pesynbraTi
3acrocyBanHs knacudikanii 3 BII cepenniit pusuk 3menmmsces Bin 3 no 30
pa3iB 3a 3MIiHM OLIHKM BIJHOCHOI BEJIMYMHHU CEPEIHbOKBAJAPATUYHOTO
BigxwiieHHss B mpocropi o3Hak Bin 0,04 no 0,23 (miast IOBXKHMHH HOCIS

BeiiBieT (QyHKIIT L= 14). JocnikeHHs moka3aiy, 10 BHOIp JOBXWUHU
HOCIS I03BOJISIE 3a0€3MEUNTH CTIHKICTh J0 MEPELIKO 1 MOXUOKY, HeoOXiaH1
JUIsl BUPIIIEHHS BKa3aHOI MPUKIIAJHOI 33/1a4i.

[Miaxin BuUmpoOyBaHO MpU OIUHII IMOBIPHOCTI BHXOAY IapaMeTpiB
PE3UCTOPIB 3a MEXKi HOJIs JAOMYCKY JUIsi cuHTe30BaHol BuOipku. [Ipu 1ibomy
Oyna TmpoBeleHA OI[IHKA MPUHAJIEKHOCTI PE3UCTOPIB Kiactepam Juis
MoMeHTy 4acy t5 (10000 romun), TOpIBHSHHS 3 TPAHHUISIMHU JOMYCKY 1

n
OIliHEHa WMOBIPHICTh P=—, e N - ximgekicts 06’ekTiB 3 BIpHO

BHM3HaUYeHMM HomepoMm kimacy; N — 3aranbHa KiTbKicTh 00’ ekTiB. s
nocmimkenns 1sg  imosipmicts P =0,7, mo Bigmosigae BuMoram
MPAaKTUKA. Y BWIAAKY, KOJIHM IS BHpIMICHHA 3a1adi OynmW BHUKOPHCTaHI
KJactepu3amis i xmacudikaris Ha 6a3i OIMIHKH TPaIi€HTy, P nwxkue B 1,3
pasd, MmO MATBEPKYE 3OUTBIICHHS CEPEOHBOTO PH3HWKY BiIHOCHO

JoCHipKyBaHoro mmiaxony. Lleit pe3ymprar mo3BOJSE pEeKOMEHIYBAaTH IIed
Metox kinacugikamii Uit BiZOMpaHHS BUPOOIB EIEKTPOHIKH, MPU3HAYCHIX
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JUIS BUKOPHWCTaHHS B JIOBI'O TMAIOIOYil amapaTypi BiAMOBiTaJIBHOTO
MIPU3HAYCHHS.
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THE ANALYSIS OF MODELS OF THE BLOCK-CYCLIC
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AHAJII3 MOJIEJIEMA BJOKOBO-IIAUKJIITYHUX CTPYKTYP
AAPA DCT-11 AJIs1 CUHTE3Y HIBUAKUX AJI'OPUTMIB

Dr.Sci. I. lIpousko, P. Pukmac
Hayionanvnuii ynisepcumem «JIvgiecoka nonimexuixa», Yxpaina

Abstract. Analysis of the models of the block-cyclic structures of the core of the
DCT-II allows us, in the process of synthesis of algorithms, to provide efficient
software or hardware organization of transforms based on cyclic convolutions for
each specific size.

Keywords: algorithms, cyclic convolutions
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Anomauia. Ananiz mooeneii 6nouno-yuxnivnux cmpykmyp sopa DCT-1I
00360JI51€ 8 NPOYeci CUHME3Y AN2OPUMMIE 3a0e3neuumu eqrekmusHy npoSpamHy abo
anapammuy opeanizayio nepemeopeHb Ha OCHOBI YUKIIYHUX 320PMOK Ol KOJICHO20
KOHKDEMHO20 PO3MIDY.

Knrouosi cnosa: ancopummu, yukiiuyHu 320pmKu

In many scientific fields and several problems, not only fast algorithms,
block circulant matrices have been used. One of the approaches to the
development of efficient algorithms is the ability to compute harmonic
transforms through cyclic convolutions. The cyclic decomposition of the
substitution is used to bring the harmonic basis of DCT to a set of cyclic
submatrices [1,2]. Execution of the synthesis of fast DCT algorithms
requires an analysis and research of the obtained block-cyclic structure of
the core of the transform in order to reduce the computational complexity
and efficient organization of its execution. Among the existing eight types
of DCT I-VIII, the first was DCT-II. Direct and reverse DCT-II is described
by expressions:

X 2(k) = \/72x(n)cos[(2n+'\?k”] k=01..N-1 (€)

where x(n), X¢?(k) are input and output sequences of transform of size N.

The model of the block-cyclic structure of the basis matrix of the DCT-II
can be described using a cyclic decomposition determined by the
substitution of the corresponding columns in the matrix with integer values
of the arguments of the basis function:

H(L):Hl(Li)HZ( hll'hIZ’ hlLl 21 22’ ZLZ) (hkLl’hkLZ""hkLk)’(Z)

where h;j are integer elements of cycles Hi(Li) with size Li elements (i =
2,...,K j=12,..., L), k is the number of cycles.

For automatic synthesis of the fast algorithm DCT-II it is necessary to
perform the analysis of the structure of the obtained block-cyclic matrix in
order to determine identical blocks that are placed horizontally and
vertically relative to each other. The presence of identical blocks reduces the
computational complexity and provides an opportunity to organize the
efficient computation of DCT. To do this, we apply the basic parameters of
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the model H(L) of the block-cyclic structure of the basic matrix DCT-II. The
model H(L) of the block-cyclic structure of the base matrix DCT-II
complements its representation in the form of a simplified cyclic
decomposition H'(L) and additional cyclic decomposition of signs Zc(L). We
define identical cyclic submatrices by selecting the coordinates (i+L;), (j+Li)
of the first elements z jc; j of identical submatrices horizontally (i+L;) = const
in the block-cyclic structure of the basis matrix.The software
implementation of analysis in C++ search of identical matrices includes two
main functions: search and selection of cyclic matrices in the block-cyclic
structure of the core of DCT-II based on the model (2) and a function of
determination of identical blocks for the definition of the minimum number
of cyclic convolutions required for computation of DCT-II. As a result of
execution of the first function, a set of cyclic subarrays is determined in the
form of an array of data containing the values of c;; of the first elements of
the blocks and their corresponding coordinates (i,j), which accordingly are
the indices of the two-dimensional array. The algorithm for determining the
minimum number of convolutions uses the result of the first search and
selection of cyclic submatrices. In the next stage, the values of the first
simplified elements of cyclic submatrices are selected and are compared in
the structure of the basis matrix according to the formed coordinates. As a
result of definition of identical blocks horizontally and vertically by means
of the software decision, the sequence of cyclic convolutions between a set
of the simplified arguments and a set of the corresponding input data is
formed. Depending on the specific value of the transform of the size N
according to the corresponding value, the choice of columns to form a
substitution for the model (2) of the block-cyclic structure of the core of the
DCT-Il vyields different variants of block-cyclic structures with the
corresponding number and sizes of cyclic matrices. This creates the
possibility of choosing the structural diagrams of computers of DCT-II at
the system (algorithmic) stage of design. There are sizes of DCT-II, which
have only one variant of the block-cyclic structure for any values of column
indices. For example, one variant of the block-cyclic structure has simple
values of sizes N = 11, 23, 47, 59, 83. Thus, the analysis of the models of the
block-cyclic structures of the core of the DCT-II allows us, in the process of
synthesis of algorithms, to provide efficient software [3] or hardware
organization of transforms based on cyclic convolutions for each specific
size N.
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IIABUIIEHHS AKTYAJIBHOCTI HOIIYKY HAYKOBUX
CTATTEMU B IHTEPHETI HA OCHOBI KOMBIHOBAHOI'O
BUKOPHUCTAHHA PI3BHUX METOJIB
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Abstract. A combined approach to searching for scientific articles on the
Internet can greatly facilitate the task of finding relevant information and improving
its quality.

Keywords: a combined approach to searching for scientific articles on the
Internet

Anomauin Kombinosanuii nioxio 0o nowyky maykogux cmameti ¢ Inmepnemi
MOJIce  3HAYHO NONeSWUMU  3A80aHHSI NOWYKY akmyaivbhol iHgopmayii ma

niosuwenns it AKocmi.
Knouosi cnosa: xombinoganuii nioxio 00 nOwyky HAYKogux cmamel 6

Iumepnemi

With the growing number of online scientific publications, finding
relevant articles has become more complex. To solve search problems, there
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are many methods for assessing relevance [1,2,3]. The disadvantages of
individual methods are reduced with using combined approaches that are
based on various methods, including TF-IDF, BM 25 analysis, Latent
Semantic Analysis (LSA), LexRank graph model, and machine learning
techniques such as Bayesian classification and neural networks has been
proposed to solve this problem [1,2,3,4]. These techniques have proven to
be effective in improving the relevance of searches for scientific articles on
the Internet, as evidenced by studies based on LSA, TF-IDF, BM25 [1,2,5]
and based on a combination of LexRank with centroid-based summarization
for NLP [3]. TF-IDF analysis helps identify the most frequently occurring
terms in texts, which can then be used to calculate the relevance of a
document to a query. LSA allows you to identify semantic relationships
between words and documents, taking into account synonyms and words
with similar meanings [6]. The LexRank graph model takes into account the
interaction between documents and their words, which allows you to select
the most interesting documents based on graph analysis. The use of machine
learning techniques, such as Bayesian classification and neural networks,
can further improve the relevance of searches for articles on the Internet.

Combined methods using TF-IDF, BM25 analysis, LSA, LexRank graph
model, and machine learning methods show better results compared to
individual methods, which allows for a more accurate and fast search of
relevant scientific articles on the Internet. In addition, the combined
approach makes it possible to reduce the number of unnecessary documents
in the output of the search engine and increase the accuracy of the results.
The use of these methods allows you to find not only documents that contain
keywords, but also those that are related in terms of content, and find
additional information for them. Thus, a combined approach to searching for
scientific articles on the Internet can greatly facilitate the task of finding
relevant information and improving its quality.
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Annomauin. 'V pobomi nagedeni pesynomamu po3pobKu npoekmy cucmemu
agmomamu3ayii po3sni3HA6AHHA MeOUYHUX JIKI8 3aco0aMU MAUWUHHO20 HABYAHHSL,
30KpemMa WmyuHUux Hellpomepedic.

Kniouosi cnosa: posniznasanis 06pazie, MauuHHe HAGYAHHSL.

Abstract. The paper presents the results of the development project of the system
for automating the recognition of medical drugs by means of machine learning, in
particular artificial neural networks.

Keywords: pattern recognition, machine learning.
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Po3mizHaBaHHA 00pa3iB Ta TEKCTOBOTO KOHTEHTY € aKTyaJbHOIO
JOCITI/DKYBAHOK TaTy33i0 B MallMHHOMY HaBuaHHi [1]. Bee Ginblre cuctem
BHUKOPHCTOBYIOTh aJTOPUTMH KiacH(iKalii Juisi aBToMaTH3allii MpOLECiB.
OmHYM 3 HaWTOJOBHIIIMX HaNpsAMKIB MAIIMHHOIO HaBYaHHS € INTYYHI
HelponHi Mepexi [2]. Jnsa memuunoi chepu 3aCTOCYBaHHs PO3IMTi3HABAHHS
MOXE TMOJISATaTH Y BiJHECEHHI BHXIJHMX JaHHWX [0 IEBHOr0 Kiacy 3a
JIOTIOMOT'0I0 BH[IUJIEHHSI CYTTEBUX O3HAK, 1[0 XapaKTepHU3ylOTh Wi JaHi i3
3araJbHOI Macu HECYTTEBHX JIaHUX, 30KpeMa 300pakeHb JIiKiB.

KopmcTyeay CucTema

|F BigkpuTTa ,qcp,a‘ncy‘l
\ J

| l

OﬁpaHo HeupOHHy | |’ OﬁpaHo q}yHKu,uo
mepewy  / \_ axtusauyii

! |

|f' HaTWCHYTA KHOMKa (O6potka OTDIr‘IMaHOI'O\‘l
\__"Browser files" \__ 3obpaweHHa

I S
¢~ 3anyck HEMpoHHOT
| Mepexi 3 |

\3afaHNM1 NapameTpamiy’

|’Bl,q05pa)l(8HHﬂ pesynsTary) |
\ po3nizHaBaHHS J

Pucynok 1. [fiaepama disinbHocmi 015 pO3Ni3HABAHHA K8 Y cucmemi

[IpononoBaHa cucrema sBis€ cO0OI0 BE0-3aCTOCYHOK, SKUH CIYKHTH
JUTS PO3ITi3HABaHHSI JIKiB 32 300paKeHHSIM 32 MiHIMAIBHUH dac.
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Ha Bxim naHOi CHCTEMH HAAXOMUTh 300paXKCHHs, SKE KOPHCTYBad
3aBaHTa)Xye B JIONATOK, a Ha BHXOIi Oyae OTPUMAaHO pe3yabTar
PO3Ti3HABAHHSA Y BUIIISIII 300pa)XCHHS 3 BiJICOTKOM KaTeropii, 10 SKOi BOHO
OYII0 BiJIHECEHO.

KopucryBauesi gocTymHi HacTymHI QyHKIIi: 3aBaHTa)KEHHS 300paskeHHS
JKIB JUIl  pO3Ii3HABaHHS, BHOIp THUIy HEHWPOHHOI Mepexi Ui
posmizHaBaHHS;, BuOiIp (yHKUIT axkTHBaulii; mneperyisia 3BITY HaBYAaHHS
HEHPOHHHUX MEPEX; MEeperiisi pPe3ysbTaTy PO3Mi3HABAHHSI, 3aBAHTAKCHHS
PO3ITi3HAaHOTO 300pakeHHsT; 3aBaHTaXEHHS 3BiTY B .pdf.

PosrnsinemMo crieHapiii posmizHaBaHHS 300paKEHHS B CHUCTEM, 3aUIs
SIKOTO OyJa po3po0IieHa aiarpamMa aisuTbHOCTI (pHc. 1).

KopucryBau BifKpuBae CHCTEMy Ta MOTPAIUISE HA TOMOBHY CTOPIiHKY.
Bin Hatuckae kHomky “Browser files” s 3aBaHTakeHHsS 300pa’keHHSL.
[Ticnst Toro, sk BCl BXiJHI JIaHI MPUCYTHI, cuctema 0o0poOnse aaHi 10
neBHoro ¢Qopmary i 3amyckae oOpaHy HaBYEHY HEHPOHHY MEpexy 3
obpaHoro QyHkii€ero aktuBaii Ha Web Service.

[Ticnst Toro, sixk oOpana mozenpb BianpaioBana, Web Service noseprae
pe3yNnbTaT  pO3IMi3HABAHHSI, KOPUCTYBadyeBi  BIiJIOOpA3UThCS  IOTOYHE
300pa)keHHsT 3 HAa3BOK Kiacy, N0 sIKoro Oyno kiacugikoBaHO oOpaHe
300pa)KeHHsI JTKIB Ta BiJICOTOK PO3ITi3HABAHHS.

BucnoBku. CrTBOopeHa cucCTeMa CTBOPIOE MOXIIMBICTh OTPHMaHHS
knacudikamii  300paxkeHHss ~ JIKIB B aBTOMAaTHYHOMY  PEXHUMI,
BUKODHCTOBYIOUM JUIs peamizalil HEHpOHHY Mepexy, sKka OTpuMaia
HAKOIIBIIY TOYHICTH Ta MiHIMAIIbHI BTPATH NPU HABUAHHI Ta TECTYBaHHI.
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ANALYSIS OF PETROL STATION VULNERABILITY FACTORS
REGARDING ACCIDENTS USING ANALYTIC HIERARCHY
PROCESS AND RANKING

Ph.D. O. Ivanov, Dr.Sci. O. Arsirii, Ph.D. S. Smyk, V. Oliinyk, K. Bieliaiev
Odessa Polytechnic National University, Ukraine

Anomauis. Posensioaemuvcs npobnema susnavenns kpumepiie ypazmugocmi A3C
w000 HACHIOKIE MOJICIUBO20 ABAPIHO20 IHYUOEHMY, WO GKIIOYAIOMb GMpayeHi
JHCUMmsi, eKOHOMIYMI, COYIANbHI MA eKONO2IYHI HACAIOKU A8apitiHo20 THYUOEHM).
s gusHnauennsi 6éae Kpumepii 3aCmMOCO8YIOMbC MemoO ananizy iepapxii ma
eKCnepmHi OYiHKU (PAHIHCYB8ANHS).

Kniouosi cnosa: bazamoxpumepianohuii mMemoo RPUtiHAMMms piuienb, Memoo
ananizy —iepapxit, aemo3anpagni - CManyii, Memoo PAaHICY8AHHS,  ABAPIlHI
iHYuoenmu.

Abstract. The problem of determining the criteria of petrol stations vulnerability
is considered in terms of the consequences of a possible incident, including lost lives,
economic, social and environmental consequences of a possible accident. The
analytic hierarchy process and a experts assessments (ranking) are used to
determine the weight of the criteria.

Keywords: Multi-criteria decision analysis, analytic hierarchy process, petrol
stations, ranking method, accidents.

Beryn. YV pamMkax BHKOHAaHHS CIUIBHOTO YKpaiHO-OpPUTAaHCHKOTO
HAyKOBOI'O TMPOEKTY CHiBIpami MK HamioHanmbHUM — YHIBEpCHTETOM
«Opecpka momniTexHika» Ta yHiBepcuteromM Micta Ilopremyr (Bemmka
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Bpuranis) mocmimpKyeTbesli MUTaHHS BUKOPHUCTAHHS OaraTOKpHUTEpiaIbHOI
METOIMKM Ha OCHOBI HEWITKOI JIOTIKM sl KaprorpadyBaHHS pPH3HKIB
aBTO3alpaBHUX CTaHLIHM 1 BIAMOBIIHOI onTHMi3awii pimens. Y poboti [1],
IO TTOCTYT'yBaja OCHOBOIO IIPOEKTY, MPOBEJCHO MOJEIIOBAHHS T'€OJaHHX
30H pu3uky A3C 11 3 iHIIUACHTIB.

MeTta fAoCHiTKEHHSI TOJSITaE B TOMY, OO pPO3POOHTH KpUTEpii
ypaznuBocti A3C 1070 HWMOBIPHUX IHIMAEHTIB 3 TOUKY 30py MOMIIHUBHX
HACi/KIB aBapii, @ TaKo)X BHKOPUCTAaTH METOJ aHalizy iepapxiid Ta
eKCIIEPTHUX OLIHOK (pamKyBaHHs) JUIS OIHKH BKJIaQy KOXKHOI 3 TpYyIH
KpHTEPIiB.

OcnoBHa 4actmHa. ABropamu Oyno pospobneHo 40 kpurepiiB
ypasnuBocTi A3C, 1110 BKIIOYAIOTh BTPAUCHI JKUTTS, a TAKOXK CKOHOMIYHI,
coliaNbHI ¥ eKOJOriYHI HaCHiAKK (MepeiK AOCTYMHUHN 3a MoCHIaHHIM [2]).
Merononorist BukoHaHHss MAI jist HAalIoro JOCHI/PKEHHsT TPYHTYEThCS Ha
wiacuuyHux poodorax T. Caati [3]. ¥V Tabmuui 1 HaBOAMMO pe3yJbTATH
BuKoHaHHS MAI anst 1 iHIMIEHTY, OBHI € 3a mocuiIaHHsM [2].

Tabmuuss 1 — PesynbTaTit OOUYMCIEHHS TPIOPUTETIB (DAKTOPIB st

IHIMACHTY BUOYX MapOMoBITPsiHOI cyMmili 3a jonomoror MAI

Exonom. | Ilpiopurer, | Couia. Ipiopurer, | Exomor. [piopurer,

¢daxropu | % ¢baxTopu % ¢dakTopu %

Bubyx naponosimpanoi cymiwi HagpmonpoOoykmis 3 ymeopeHHam yOapHoi Xeui

El 3,55 Cl1 20,00 Ekl 22,99

E2 24,42 Cc2 14,75 Ex2 1,42

E3 16,87 C3 22,97 Ex3 1,42

E4 10,94 C4 3,31 Ex4 4,51

ES 10,94 C5 2,60 Ek5 1,92

E6 10,94 C6 9,21 Ek6 1,92

E7 16,11 C7 9,21 Ex7 6,71

E8 2,44 C8 1,33 Ex8 6,71

E9 1,90 C9 1,63 Ex9 6,71

E10 1,90 C10 15,00 Ek10 25,34

- - - - Exl1 20,34

Haii0inpm 3Hagymi GakTopu BUAIICHO HAMiBXKUAPHAM. (I OMMUTYBaHHS
eKCIepPTiB HaMH CTBOPEHO BeO-popMy (Bepcis YKpaiHCBKOIO MOBOIO [4]).
[Micns o3HafioMJIeHHS eKcIiepTa i3 3MICTOM TPOEKTY i HaJaHHsS 3roAd Ha
00poOKy, HUM 3alOBHIOIOThCA CTATHUCTHYHI HaHi mpo cebe. Jlami BiH

199



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

TIEPEXOJIUTh A0 PaH)XKyBaHHs KpHUTEpiiB HA BUOIp, OLIHIOIOYHM IX BAaroMiCTbh
Bix 1 (HaiimMeHm Baromuit) 1o 10 (HalOUIBI BAarOMHUA).

Ha nanmit yac Oyno onmraHo 16 excrepTiB 3a J0MOMOror BeOG-GopMu.
Haii6inbi Baromi (pakTopu BUAIICHO HAIIBXXUPHUM (TabI1.2).

BucnoBkun. OTpumMaHi pe3ynbTaTH AalOTh 3MOTY Hajajidl IPOBECTH
BiJ0Ip Ta OLIHKY Bar oOpaHUX KpHUTEpiiB y iX Bkiaxi B ypasnusicte A3C. A
IIe, Y CBOIO Yepry, MO3BOJISIE MEPEHTH IO BHPIIICHHsS OaraToKpUTEpiaibHOI
poOJieMH Ha OCHOBI HEWITKOI JIOTiKHM Ut BUOopy ypaznueux A3C.

Tabnuus 2 — Pe3ynabraTH eKCIIepTHHX OIHOK (pakTOpiB ypas3sMBOCTI
A3C micns 3anoBHeHHsI BeO-(hopmu (oBHICTIO [2])

Exonom. Panr Comiair. Panr Exonor. Panr

(baxropu ¢axropu ¢axropu

Bubyx naponogimpsinoi’ cymiwi haghmonpoOoykmie 3 ymeopenusim yoapHoi Xeui

El 6,83 Cl 8,18 Exl 6,0

E2 7,75 C2 6,36 Ex2 4,42

E3 6,75 C3 7,82 Ex3 3,5

E4 6,75 C4 3,55 Ex4 4,58

E5 7,67 C5 3,36 Ex$ 3,5

E6 5,75 Co 4,73 Ex6 3,5

E7 75 Cc7 6,73 Ex7 4,83

E8 5,33 C8 6,55 Ex8 5,92

E9 55 Cc9 5,73 Ex9 4,92

E10 3,83 C10 5,64 Ex10 6,25

— — — — Exl1 6,33

Jliteparypa

[1] TBanoB O.B. Mogeni Ta MeToAM aHaNi3y 30H PH3HKY MOTCHIIHHO HeGe3MeuHnX
00’€KTiB B reoiH(OpMaliiHUX CHCTEMax : AWC. ... JOKT. ¢ijoc. 3a crem. 122 —

Komn’tot. Hayku. 1Y «Oneceka momitexHikay MOHY, Vkpaina, Oneca, 2021. 156
C.

[2] Iamor O.B., Apcipiii 0.0., Cmux CIO. Ta in. MAI A3C. 2023. URL:
https://drive.google.com/drive/folders/130AklO1dX8V7yfDOCul_putlphkMOmMOM
?usp=sharingB (mara 3BepuenHst 25.08.2023).

[3] R. W. Saaty, The analytic hierarchy process — what it is and how it is used,
Mathematical Modelling. 1987. Vol. 9, No. 3-5. P. 161-176.

[4] TBanoB O.B., Apcipiii 0.0., Cmux C.1O. Ta in. Be6-opma st omuTyBaHHs.
2023. URL: https://petrol-stations-form-survey.onrender.com/ (mara 3BepHEHHS
25.08.2023).

200



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

UDC 621.039

PROBABILISTIC RELIABILITY ANALYSIS FOR PUMPS OF
SAFETY RELATED SYSTEMS AT NUCLEAR POWER PLANTS

Dr.Sci. V. Skalozuboy [0000-0003-2361-223X] - Dy Scj, Y'u. Komaroy!0000-0002-4696-6551]
A. Verinov, Ph.D. S. Kosenkol0000-0002-7082-5644] ' Bundev, H. Hayo,
V. Kochnyeva[OOOO-0001-7397-3573]
National University "Odessa Polytechnic"
EMAIL: skosenko@op.edu.ua

IMOBIPHICHU AHAJII3 HAIIMHOCTI HACOCIB CUCTEM,
BAKJ/IMBUX JJIA BE3IIEKU AJJEPHUX EHEPI'OYCTAHOBOK

Dr.Sci. B. Ckano3y6os, Dr.Sci. FO. Komapos, O. Bepinos,
Ph.D. C. Kocenko, /I. Bynaes, X. Xaiio,
B. KouneBa

Hayionanenuii ynieepcumem "Oodecvra nonimexmixa"

Abstract. The reliability indicators of pump groups (mean time to failure,
estimated by the lower limit) are compared for the current period with the
corresponding indicator obtained for the previous period. In accordance with the
results of the performed analysis and estimated estimates of operational reliability,
recommendations were formulated on the possibility of extending the life of the
equipment.

Keywords: Probabilistic analysis, reliability, safety, nuclear power

Anomauin. 30iiicneno NOpIGHAHHS NOKA3HUKI6 HAOIHOCMI 2PYn  HACOCI8
(8enununu cepeoHbo20 HanpPayo8ans 00 8iOMOSU, OYIHEHOI N0 HUNCHbOM) KOPOOHI)
07151 NHOMOYHO20 Nepiody 3 8I0NOGIOHUM NOKASHUKOM, OMPUMAHUM OJis NONEPEOHbO2O
nepiody. Bionosiono 00 pe3yibmamie 6UKOHAHO20 AHANIZY MA PO3PAXYHKOBUX
OYIHOK — eKCnyamayitinoi  HaoditiHocmi  cpopmynboeano  pexomenoayii  ujo0o
MONHCIUBOCT NPOOOBIHCEHHIA MEPMIHY eKCRyamayii 0OnaoHaHH.

Knwuosi cnoea: iimosipnicHuil aunanis, Haoiunicme, 6e3nexa, sI0epHi
enep2oycmanoBKu

The most of pump failures is associated with the leakage of the medium
(water, oil) through various seal faces.

Current repair with a replacement of sealing elements and/or lapping of
seal faces was the consequence of such failures. Reliability measures (the
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average operating time to failure estimated at the bottom limit) for the
current period were compared with the corresponding measure obtained for
the previous period.

The results of the analysis are:

For the radioactive drain pumps, the criterion for a comparative
assessment of the average operating time to failure was not fulfilled.
Reducing the average operating time to failure may indicate a decrease in
reliability of these pumps recently,

For the other pump groups, the average operating time to failure for the
current period is not lower than this measure for the previous period.

This indicates sufficient reliability of pumps.

According to the results of the analysis and calculated estimates of
operational reliability, the following recommendations are formulated:

- to analyze the normative document “Reliability of NPP systems and
equipment. NPP pumps. Methods for assessing operational reliability
indicators” for the possibility of more complete use and improvement of the
methods given in them for assessing the reliability indicators of NPP
pumping equipment;

- develop and approve the method for a probabilistic assessment of
operating time of pumps to a limit state based on the analysis of the change
in the quantitative parameters of the technical condition that are defining to
substantiate the resource.

Such measures can be: the thickness of the wall of the elements of the
pump case (according to the results of the thickness measurement) and
Brinell hardness (according to the results of the measurement of hardness).
Estimates are possible both by the current values of the determining
parameters and by their forecast values;

- extend the operation life of the radioactive drain pumps for which the
criteria for comparative assessment of the average operating time to failure
are not fulfilled, subject to an intermediate reliability analysis after 2 to 2.5
years to control the lack of a negative trend of the change in the respective
measures.

If negative trends are detected, further extending operation life can be
justified by positive overhaul results according to "Regulations on the
procedure for extending the operation life of equipment of safety related
systems".
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ANOMALIES IDENTIFICATION SYSTEM PROJECT IN AN
INTERACTIVE VIRTUAL ENVIRONMENT
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Aunomauian. Y pobomi nagedeni pesynbmamu po3poOKu NpOEKmy Cucmemu
ioenmuixayii anomaniii y IHMEPAKMUSHOMY GIpMYanbHOMY cepedosuwyi Ha 0asi
3aCMOCYBaHHA MAWUHHOZO HABUAHHS.

Kniouosi cnosa: nowyx anomaniv, inmenekmyanibHull aHauiz OaHuXx.

Abstract. The paper presents the results of the development of the anomaly
identification system project in an interactive virtual environment based on the
application of machine learning.

Keywords: anomaly detection, intelligent data analysis.

Haii6inpioo npobieMoro y BUpIIIEHHI IbOTO 3aBAaHHS € CKIAJHICTh
CYY4aCHHUX IHTEPAaKTHBHHUX CHCTEM. DBUIBIIICTh ICHYIOYHMX aJTOPUTMIB i
TOTOBUX DIlIEHb OyIu PO3poONieHI 3 METOr0 OOpOOKH CTPYKTYpOBaHHX i
OMHOTHUIHHX NMaHWX [l], Tomi SK IHTEPAaKTWBHI CHCTEMH MOXYTH SIBIISITH
co00r0 BeNMUE3HUI Ha0lp CKIAJHUX 1 PI3HUX THIIB JaHUX. 31 3POCTAHHIM
TIOMYJISIPHOCTI  IHTEPaKTHBHUX CHCTEM, 30KpeMa IrpoBHX IIporpam, Taki
CHCTEMH CTaIOTh BCE CKIIAJHIIINMH 1 BCe OUTPIIMMA. AKTYalIbHICTH pOOOTH
moJsrae 'y 3abe3ledeHH] MOITyKy Ta JOCHIDKEHHI iCHYIOUMX alTOpUTMIB
MAaIIMHHOTO HABYAHHSA JUIA 331124 i/IeHTHU(IKaIlil aHOMaliii B IHTepaKTUBHUX
cucTeMax [UIs aBTOMaTH3alii mporecy TectyBaHHA [2]. B pamkax
MIOCTaBJICHOTO 3aBJaHHS pOOOTH HAWKPAIIOW KATEropi€lo HaHHX Ui
HABYAHHS aJTOPUTMY TOIIYKY aHOMAIIK € Bi3yallbHi JaHi, OCKITTBKH MOXKHA
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3i0paTH BeNMHWKY KimbKicTh "HOpManbHUX" MaHUX sl HaBuaHHS [3].
OcHOBHUM (POKYCOM JIOCII/PKEHHS CTaHE BUSBICHHS HEKOPEKTHHUX TEKCTYP,
SIKI € aHOMJIFHIMU 7151 Habopy oOpaHoro irpoBoro orodeHHs. PozpobneHa
JiarpamMa BapiaHTIB BHKOPHCTaHHS MOAYJIIO 1neHTU]iKanii aHOMaii
HaBeJleHa Ha puc. 1.

B pamkax NpoeKTOBaHOI CHCTEMH KOPHUCTYBad 3MOXKE 3iHCHIOBATH:
3aBaHTAXXCHHS HABYAIBHUX JIAHUX Y BHIVISAI 300paykeHb OyIb-sKHX
(dopMarTiB Ta po3MipiB; HABYAHHS MOJIYJIS MOIITYKY aHOMAJIH 3a JIOIOMOT OF0
BHOpPAaHOTO aJNTrOpUTMYy, OTPHMYBaTH 3BIT TMPO 3HAWIEHI aHOMAJIl
Bi3yaJIbHO'O XapakTepy y BHOpaHOMYy HaOopi JIaHuX; 30epekeHHs
ollep)KaHUX pEe3yIbTaTiB Yy BHUIVIAAI 3BITY; OTPUMYBaTH Bi3yasli30BaHy
HOCTIIOBHY CXeMY POOOTH alrOpUTMy.

BucHoBku. CTBOpeHa cucTeMa MoOXe OYTM 3acTocoBaHa s
aBTOMAaTHU3alii Mpolecy IMOMYKY aHOMAIbHHX JaHHX B IHTEPAKTUBHOMY
CepeNoBHIlli, 30KpeMa Y BIpTyallbHOMY OTOYEHHI pO3pOOHMKA 4YH
TECTyBaHHS KOMIT IOTEPHHX 1rop.

NN

v

)}

| e
A\
Pucynox 1. Jliacpama éapianmis 8UKOpUCMAHHI cucmemu
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PRODUCTION OF COMBINATION METHODS FOR ANALYSIS
OF RISKS IN THE DEVELOPMENT OF SOFTWARE

Ph.D. N. Shybaieva
Odessa Polytechnic National University, Ukraine

Anomauia. Ceped 3pocmaroyoeo nonumy 00 pO3POOKU ABMOMANMUIOBAHUX
3aco6i6 3 aHANI3y PUUKI6 Ma Gakmopie ix YymeopeHHs, aKkmyaibHuM ma Cy4acHum
Nni0X000M € 3anpoBaAdI*CeHH KOMOIHOBAHUX aDO 2IOPUOHUX AN2OPUMMIE WINYUHOT
Mmepedici 6 noeoHanti 3 baecoscoxumu mepexcamu Oogipu. Koowcne 3 piutens
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00360715€  adanmyeamu  6XiOHi (YHKYIOHATbHI 6UMO2U MA GUSHAYUMU  CLAOKI
CMOPOHU PO3PODIIAEMO20 NPOSPAMHO20 PIULEHHSL.

Knrouosi cnosa: baiiccoscvku mepesici 008ipu, pusuxu po3pooKu NpoSpamHoco
3a6e3neueHHs.

Abstract. In the midst of growing progress until the development of automated
processes for the analysis of risks and factors of their development, the current and
current approach is the promotion of combined or hybrid algorithms of piece
measures in conjunction with Bayesian measures trust. This solution allows you to
adapt the input functional strengths and identify the weaknesses of the software
solution being developed.

Keywords: Bayesian measures of trust, risks of software security development.

Po3pobka i miaTpumka nporpamuoro 3adesnedenns (I13) — e ckimaaHuit
BUCOKOTEXHOJIOTIYHMIA TIpOIeC, SKMH BUMAarae BHKOPHCTaHHS HOBITHIX
TEXHOJIOTIH, CydacHOro 00JaJHaHHs, BHCOKOKBaIi(hiKOBaHMX PO3POOHHKIB
Ta iH.

BUKOPHUCTAaHHS TaKWX CKJI4J0BUX HAJAE KOHKYPEHTOCIPOMOKHOCTI
creoproBaromy 13 [1].

TTOHATTS PU3UK MPOEKTY MOB’SI3YETHCSA 3 MOXKIIMBICTIO IOHECTH BTPATH B
XOJ1i BUKOHAHHSI [TPOCKTY.

I[i BTpaTH MOXYTh MPOSIBISTHCS B 3HIDKCHHI SIKOCTI KiHIIEBOT'O
MPOAYKTY, MEPEBHIICHHI BapTOCTI HOro po3poOKH, 3aTPUMII 3aKiHYCHHS
Ppo3poOku abo B 3puBi MPOEKTY (TOOTO, BIIMOBI 3aMOBHHKA BiJI IPOEKTY).

BenuunHa pU3MKY BHU3HAYAETHCS JIOOYTKOM CEPHO3HOCTI HACII/IKIB
HebakaHol mojii B MpoekTi (piBHEM BTPAT) Ta HMOBIPHOCTI HacTaHHS i€l
nopii.

Jlo axTyanpHHMX NPUYMH 3aCTOCYBAHHS CY4acHHMX 3aco0iB 3 OLIHKH
pusukiB mpu po3pobui I13 cmim BigHectw [2]: CKIamHICTH MPOEKTIB;
CKOpOYEHHsI TepMiHiB, (iHaHCOBI BTpaTtu; SKICTh Ta 0Oe3reka;
cCrefkxonaepu Ta O4iKyBaHHSI.

3 omHOro OOKy, cepel akTyalbHHX Ta (PYHKIIIOHANBHHX DIIICHb — €
3aCTOCYBaHHS ~ LITyYHUX  HEHPOHHHX  MepeX, sKi  JO3BOJIOTH
ABTOMATH3yBaTH BEIUKY KUTBKICTB MPOIIECIB, CIIPOCTUTH POOOTY JIFOIUHH, a
TaKOXX MOKPAIIUTH IIporiec 300py Ta 30epeskeHHs BXiTHUX JaHHX.

3 iHmoro 60Ky MOXIIMBE 3aCTOCYBaHHS baleCOBCHKOI MEpEXH JOBipH.
e iHCTpYMEHT, SKHii IOIIOMAara€ OLIHIOBATH PIB3HKH B PI3HUX Taly3sX,
BKITIOYAIOYH PO3POOKY MPOTPaMHOT0 3a0e3IIeUeHHSI.
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[oennanns baitecoBcbkoi Mepexi AOBIpHM Ta alrOpUTMIB HEHPOHHOI
Mepexi CTBOPIOE TOTY)KHUI MiJIXiJ U BU3HAUYEHHS PH3HKIB TPH PO3poO1i
MIPOrpaMHOT0 3a0e3MeUeHHS.

BaifecoBchka Mepexa JOBIpH JTO3BOJSIE TPEICTABUTH 3B'SI3KH MIiX
pi3HUMHK (akTopaMHy Ta iX BIUIMB Ha PHU3UKH y BUDIALI rpady, e BY3IH
MIPEJCTABIAIOTH (PAKTOPH, a pedpa — 3aJICIKHOCTI MiXK HUMH.

HeiiponHa mepexa, 30kpeMa TJIMOOKI HEHpOHHI Mepexi, Moxe OyTu
3aCTOCOBaHA /sl aHaJli3y BEIMKHX OOCSTIB JIaHMX Ta BHSBJICHHS CKJIAIHUX
3B"I3KIB.

@dyHKLiOHANBHA JIOTIKa POOOTH TAaKOro TiOPHAHOrO MiAXOAY BKIIIOYAE
HACTYITHUHN aJITOPUTM JTiH:

- TloOynoBa crpykrypu baiiecoBcbkoi Mepexi IOBIipH: CHOYATKY
po3pobisietbest  baiiecoBchka Mepexka, 1€ BY3NIM BiOOpakaloTh pi3Hi
(dakTopw, sKi BIUIMBAIOTh HA PU3UKH.

- BukopucranHsi HEpOHHOI MepeXi Ul aHaji3y JaHHX: 30MparoThCs
ICTOpHYHI J]aHi TPO pi3HI PU3MKHU, IO CTOCYIOTHCS PO3POOKH MPOrPaMHOro
3abe3neueHHs. Ha OCHOBI 1IMX AaHMX CTBOPIOETHCS Ta HABYAETHCS TIIMOOKa
HEHUpOHHA Mepexa.

- TloennanHs pe3ynbTaTiB: BUXifHI JaHl 3 baitecoBcbkoi Mepexi Ta
MPOTHO3H, 3p00JIeHI HEHPOHHOI MEpPEeXKel0, MOYKHA IIO€AHATH, HANIPUKIIAL,
BUKOPHCTOBYIOUH aHCAMOIIOBaHHS.

Leii miaxia 1o3Boiisie TOEAHATH CTPYKTypoBaHui aHani3 baitecoBcbkol
Mepexi 3 MOXJIMBOCTSAMU HEHPOHHOI MEpexXi Ul BHSBICHHS CKJIAJHHX
3aJIe)KHOCTEN B TaHUX.

PesynapraTom Oysme OiIblI TOYHA Ta KOMIUIEKCHA OIIHKA PHU3UKIB,
TOB'sI3aHKUX 3 PO3POOKOI0 TPOrPaMHOI0 3a0e3MeYeHHS.

Jliteparypa

[1] Lytvyn V. The risk management modelling in multi project environment / V.
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Information Technologies (CSIT), Vol. 1, 2017. - p. 32-35.
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ANALYSIS OF THE IMPACT OF PROGRAMMING LANGUAGES
ON THE SORTING ALGORITHMS' SPEED

Ph.D. O. Trofymenko?, Ph.D. Y. Prokop?, M. Korniichuk®
13 National University “Odessa Law Academy”, Ukraine
2 National University “Odessa Polytechnic”, Ukraine

Anomauin. Y pobomi uxonano nopiHANbHUL AHANI3 HAUOUIbUL NONYIAPHUX
aneopummie copmysanns (Oyrvbawkoro, ecmagkoio, eubopom, Lllewna, 3nummsm,
weuoKe, NiOPAXyHKOM, 3a po3psdamu, Kynoi) npu imniemenmayii ix 3zacobamu
naubinow s3ampedysanux na punky IT-npayi mos npoepamyeanns (Python, C++,
Java, JavaScript, PHP ma C#).

Kniouosi cnosa: anecopummu copmyeanis, Mogu npoepamyeanis

Abstract. The robot has an up-to-date analysis of the most popular sorting
algorithms (bulb, insert, select, shell, zlitty, shvidka, poddrakhunk, by ranks, buy)
when implementing them in ways that meet the greatest demands on the market IT
practical programming (Python, C++, Java, JavaScript , PHP and C#).

Keywords: sorting algorithms, programming languages

Y GaraTpox Iporpamax COpTYBaHHS € YaCTHHOIO TpoIecy oOpoOIeHHS
JaHHX.

KokeH i3 9HCIEHHHX alrOpUTMIB COPTYBaHHS MAa€ CBOIO CIiemupiky
po6OTH Ta 3yMOBJICH] HEIO MTEPEBary i HEIOTIKH.

Bubip HaiOiIBII ONTUMAIEHOTO ANTOPUTMY 32 MIEBHHUX JAaHUX Ta YMOB
pO3pOOKH MOKE€ CTaTH HETPHUBIAIBHOIO 3ajaueio, a HeBaaiuwmid BUOIp
QAITOPUTMY BIOPSIIKYBAaHHS MOXE CHPHYMHHUTH TPOOIIEMH 31 MIBUAKOIIEIO
MIPOrpaMHOTO OOPOOIICHHS JaHUX.
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Bukopucranns O-Horaniii (Big O) € mommpeHor NpakTHKOIO cepen
TIPOrpaMicTiB JuIsi BUOOPY €PEKTUBHHX aJTOPUTMIB y IIHPOKOMY Koii chep
PO3pOOKHU: BiJ iHTEPHETY pedei, HayKH MpO JaHi Ta aHATITHKA JaHUX JI0
MAaIIMHHOTO HABYAHHSI Ta KiOepOe3meKy.

[onsitrss Big O BXHMBa€ThCSI Ha IMMO3HAYEHHS YacOBOI CKIJIAJHOCTI SIK
3aJIeKHOCTI MK 4acoM poOOTH allrOpUTMY Ta 00CSTOM BXIIHUX NaHuX abo
HEeoOXiTHUM 00CsiTOM NaM’sITi B HalTipmomy Bunaaky [1].

Taki 3aJeKHOCTI OOTPYHTOBAaHO BH3HAYEHI IS BCIX  BIJOMHX
AJITOPUTMIB COPTYBAHHS, 1 BOHH HE 3aJeaTh BiJl MOBH mporpaMyBanHs [2].
BonHouac Ha nmpakTHIll € IeBHI HEOTHO3HAYHOCTI Ta CKJIaIHOIII TPH BHOOPi
TOT'0 UM 1HIIOTO AJITOPUTMY COPTYBAHHS 32 TIEBHUX OOCTaBUH.

Amxe Ha BHOIp e()EKTUBHOIO aITOPUTMY COPTYBAaHHS BIUIMBAIOTH Pi3HI
YUHHHUKH: 00CSATH HEOOXiqHOI /Uit pOOOTH aJTOPUTMY Ta OOCATH HasiBHOI
amapatHol mam’siTi, KUIBKICTh Ta pPO3MIp BXIJHMX JaHHX, CTYIiHb iX
BIIOPSIZIKOBAHOCTI, BapTiCTh oOrnepalii MepecTaHOBKH 1 HaBiTh MOBa Ta
CepeIOBUIIE ITPOrpaMyBaHHSI.

UucnenHi ny0mikanii cBii4aTh, 10 Y HAYKOBIIIB € MOTpeda JOCIiIKEeHHS
4acoBOi CKJIaHOCTI aJrOPUTMIB COPTYBaHHs 33yl €(EKTHBHOIO BHOOPY
TOT'O YHM 1HIIOTO AJIFOPUTMY 33 IEBHHUX YMOB Ta JaHUX.

[Ipote nepeBaskHO JOCIIHKEHHSI OOMEXKYIOTHCSI KiJIbKICTIO PO3IIISIHYTHUX
QJITOPUTMIB COPTYBaHHS BiJI TPHOX O IT’SITH.

Takoxk JOCHIIHMKM OOMEXYIOThCs abo B3araii HE BPaxoOBYIOTb 1 He
TIOPIiBHIOIOTh OCOOJHMBOCTI MPOrpaMHOI peaizaiii Ta MBUAKOMII Pi3HUMH
MOBaMH mporpamysasus [3,4,5].

Y poboTi BHUKOHAHO TMOPIBHIBHUI aHami3 HaWOLIbII MOMYJISPHUX
ITOPUTMIB COpTyBaHHs (OynbOamikor, BCTaBkow, BuOopom, Illemna,
3IUTTSIM, IIBUJIKE, MIAPAXyHKOM, 33 PO3PsAaMU, KyIOK) MPU IMITIeMeHTAIli{
ix 3acobamm HaWOLIBII 3aTpebyBaHmx Ha puHKY [T-mpami MoB
mporpamyBaHHs (Python, C++, Java, JavaScript, PHP Ta C#).

[NpuknagHuii acmeKT NOCHiKEHHS IONsArae y BHSBICHHI TOro, SK
peaitizamis KOHKPETHOIO MOBOIO MPOTpaMyBaHHSA BIUIMBAE Ha (haKTHIHHA
Yac BUKOHAHHS QJTOPUTMY Ul MAacCHBIB IICEBJJOBHIIAJJKOBHX YHCEN Pi3HUX
po3MipiB.

3’sicoBaHe TO3BOJISIE CTBEPKYBATH, IO IIBHIKOIIS aJITOPUTMIB 3HAYHO
3aJIeKUTH BiJI MOBU peari3aiii.

Tomy HemocTaTHRO OyBae mpu BHOOPI anropuTMy KepyBaTucs e Big
O HoTai€ro.
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BaxnBo BpaxoByBaTH cHEU]IKy MEBHHX KOMOIHAILiil anropuTMiB,
IporpaMHUX 3aco0iB Ta 0coOIMBOCTEl HAOOPY NaHUX, aJDKe, AK IO0Ka3ajo
JOCII/DKEHHs, Pi3HI MOBH NpPOrpaMyBaHHS 3 PI3HOIO IIBUIKOIIEIO
peai3yloTh aTOpUTMHU Ha Pi3HUX Habopax JaHHX.

[Noxekynu pi3HUIA Yacy CKIIQA€ JIECATKH 1 COTHI pa3iB y MeKaX OHOTO
ITOpUTMY a00 B MeXKax ONIHI€T MOBH.

BpaxyBatn 116 BaIMBO, KOJIM BWHHKAE TMoTpeda TeperpynyBaHHS
BEJMKHX OOCSTIB JaHWX, MO0 1X MOXKHA OyjIo JIermie IIyKaTH Ta
MaHIITyJIFOBaTH HUMU, HaIllpUKIaJ, y 0a3ax JaHHX, Y HOIIYKOBUX CHCTEMaXx,
y 0araTb0X HayKOBUX Ta iH)KEHEPHHUX 3aCTOCYBaHHSX.

Amxe e(peKTUBHICTh QITOPUTMY COPTYBaHHsS CYTTEBO BIUIMBAa€E Ha
3arajbHy IPOJYKTHUBHICTh CUCTEMHU.
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METO/] BUBOPY HAMKPAIIIOI'O MAPIIPYTY KOMAHJIOIO
BOJIOHTEPIB 1111 YAC PIINEHHSA OIIEPATUBHUX 3ABJJAHb
TPAHCIIOPTHOI JIOTICTUKH
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THE METHOD OF CHOOSING THE BEST ROUTE BY A TEAM
OF VOLUNTEERS DURING SOLUTION OF OPERATIONAL
TASKS OF TRANSPORT LOGISTICS

D. Horpenko, Ph.D. V. Boltenkov
Odessa Polytechnic National University, Ukraine

Anomauia. OOHum 3 8aX0CIUBUX 3a60aHb, AKI NOCMAIOMb Neped BOIOHMEPAMU
nio yac Ha038UYAUHUX cumyayitl (NpUpoOHi CIMUXITHI UXa, 8ilicbK08i 0ii) € 3a80anHs
mpancnopmuoi  aocicmuxku. 3a cmabinteHux ymo6 MpaHCHOPMY8aHHs, 3A60aHHSA
MPAHCROPMHOT OLICMUKU CKIAOAEMbCS 8 NOWYKY ONIMUMATILHO20 MApWpymy Ons
nepegezenns  Jnozicmuunozo 06°ekmy. B ymoeax naodzsuuaunux —cumyayiti
6i06ygacmocs  OuHamiyna 3MiHA YMO8 MPAHCHOPMYBAHHS, WO  VCKIAOHIOE
PO38 AI3aHHA 3060aHHA MPAHCNOPMHOT NI02icmuku i nompebye nobyoosu HO8Ux
Mooeneti ma memoois.

Knrouosi cnosa: mpancnopmmna no2icmuka, niOMpumKa NputiHAMms pilieHs,
Memoo mSmart.

Abstract. One of the important tasks faced by volunteers during emergency
situations (natural disasters, military operations) is the task of transport logistics.
Under stable transportation conditions, the task of transport logistics consists in
finding the optimal route for the transportation of a logistics object. In emergency
situations, there is a dynamic change in transportation conditions, which
complicates the solution of the task of transport logistics and requires the
construction of new models and methods.

Keywords: transport logistics, decision support, mSmart method.

VY pa3i TuHaMiYHHUX 3MiH YMOB TPAHCIIOPTYBaHHS JIOTiICTHYHUX 00’ €KTIiB
(JIO) mHeoOximHO oOmepaTHBHO BpaxOBYBAaTH MIBHIKI 3MiHH CTaHY
3oBHimHBOr0 cepegoBuma (3C). Takum YHHOM, MaeMO 3amady
tparcnoptroi Jorictuku (TJI) B onepatuBHuX ymoBax (OY), sika monsrae B
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3HaXOIUKeHHI Halikpamoro mMapupyry 3 mokimueux ( A={A}, i=1m -

MHOKMHA MapuipyTis (anbrepHatuB) noctaBku JIO noexwumo L) 3

ypaxyBaHHSM OIiHOK ansTepHaTus 3a kputepisvu (K ={K J-}, j= ﬁ -

MHOXXHHA KPHUTEPIiB JUIsI OIIHKA MOXIMBUX MapiipytiB). JlaHa 3amaua
BiJTHOCUTBCSl JIO0 3a/1a4 OaraTOKpUTEpiaIbHOrO BUOOPY, VISl PIillIEHHS SIKHUX
BHUKOPHCTOBYIOTh OaraTOKpHUTEpialbHI METOIM NMPUHHATTS pimeHb [1], ski
JIO3BOJISIFOTh  BPAaxOBYBAaTW pi3HI (AaKTOpH Ta BHU3HAYMTH HaMKparui
Mapuipyt (HM) 3 MOXITHBHX.

B [2] 3anponionoBana koH1enTyansHa Mozaenb (KM) nmpuitHATTS pilieHb
xomaHmu BonoHtepiB (KB) B ymoBax amHamiunmx 3min 3C, B sxiii KB

wan:  VIMg,  VTM,,
VM y Jd=1Lm,j=Ln> ne VIM,,\- xoopmumatop KB,

IPEACTABIACTLCS KOPTEXEM <VTM

VIM,, VTM,- wunew/uncan KB, sKi 3HaxomsTecs y MyHKTI
Bianpasnenns Ta cnoxusanus JIO Bimmosimmo, VIM - excnepru-
1_]

BOJIOHTEpH, SIKI CIOCTEpIraloTh 3a BIJIOBIIHMMHU JUISHKAMH MapIIpyTy

nopxumoro Ly ma siki pos6uri Moxomei mMapuipyrs A . Bimnosimeo 1o

KM ominky N, - ux kpurepiiv (K, ={K;}, J =1n;) nanae
VTM oy omieky N, - ux xpurepiie (K, ={KJ-2}, J,=1,n,)
HaJaloTh EKCIIEPTHU-BOJIOHTEPH, TOAI 3arajibHa MHO)KUHA KPUTEPIiB € CYMOIO
neox muoxuH kputepiiB: K =K, +K, .

B poborti 3amponoHoBaHO MeTon BHOOpPY Haiikpamoro mapmpyry KB
mig gac pimenHs 3aBgaHHs TJI B OV, sxwmif BKimodae B cebe HACTYITHI

eTany: BU3HAUEHHA MHOXMHHU albTePHATHB Ta KPHUTEpiiB; BUOIp Tpymu
eKCIEePTiB — BOJOHTEPIiB LIS OLIHKK albTEPHATUB 3a KPUTEPISMH; OIiHKa

excriepramu-Bonontepamu  kpurepiie K, ={K,}, ], =Ln, -
Pp (K J-2) ; PO3paxyHOK arperoBaHOi OIlIHKKM KpUTEpiiB Ha OCHOBI1
— I

. s . .
OLIHOK Py (sz) Ta YaCTOTH Csz 3 SKOIO 3’ SIBIIIETHCS BIANOBIIHA
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Noi
Z("A (sz)Csz
ominka 3a kpurepiem Kj,: N (sz): L , i=1,m;
Ny

Bubip HM 3a nonomororo meroxy mSmart [1].

Po3pobnennit B pobOOTI MeTon [O3BONISIE BpPaXOBYBATH  OIIIHKU
IBTEPHATHB 3a BEJMKOI KUIbKICTIO KpuTepiiB B OY min dac pimeHHs
3aranb TJI i Moxe OyTH BUKOpUCTaHO NpH po3pobui MobieHOT CIITIP st
MATPUMKH ITPUHHATTS pillIeHb KOMaHIOK BOJIOHTEPIB.
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ANALYSIS OF IT PROJECT MANAGEMENT PROBLEMS

Ph.D. O. Trofymenko, Ph.D. N. Loginova
National University “Odessa Law Academy”, Ukraine

Anomauia.  VYnpaeninna  IT-npockmamu  cmuxaemvcs 3 YUCIEHHUMU
CKAAOHOWaMU. 3a OaHUMU CIMAMUCTIUYHUX OOCTIONCEHb YACTNKA NPOEKMIE, 30aHUX
6YACHO OpeaHi3ayiamMu Npopecilinoeo 06CIY208V8AHHA 8 KOMNAHIAX-8UPOOHUKAX
npoepamnozo 3adesneuenns 6 cepeonbomy cmamnosums 74,1%. Lo ceiouums npo
me, ujo KOJXHCeH yemeepmuil NPOEKM 30A€MbCs 3 NOPYULEHHAM MEPMIHIE 30aUi.

Knrouoei  cnoea:  ynpasninna  IT-npoexmamu, — KOMNAHI-GUPOOHUKUX
npozpamuoeco 3abe3neverHs
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Abstract. IT project management comes with a number of complexities.
According to statistical studies of the proportion of projects carried out by
professional service organizations in software companies, the average percentage is
74.1%. It is important to note that the fourth project is being created in violation of
the terms of the project.

Keywords: IT project management, software development companies

Huni  ympaBnminas — IT-mpoeKTaMHM — CTHKA€ThCS 3 YHCICHHUMH
CKJIQJIHOIIAMHU. 3a JaHUMHU CTaTHCTHYHUX JIOCHI/PKEeHb [ 1] 4acTka MpOEKTIB,
3laHMX BYAacCHO oOpradizamisMu mpodeciiiHoro oOCITyroByBaHHS B
KOMIIaHISIX-BUPOOHUKAX mporpamHoro 3abesneuenns (I13) B cepemaboMy
craHoBUTh 74,1%. Illo cBimyuTh IpO Te, IO KOXEH YETBEPTUH HPOEKT
3/IA€ThCS 3 TIOPYIICHHSIM TepMiHiB 3aa4i. [Ipu 1ibomy mopoky B IT-npoektu
IHBECTYIOTBCSI COTHI MiNbsipAiB AonapiB. Tak, moxia citoBoro puHky 13
2022 poky nepesuiuB 600 mipa gonapi CIIIA, a 3a npornozamu y 2027
poui Horo 3HaueHHs csrHe mo3Hauku y 800 mupn momapie CLIA [2].
3HMKEHHS1 PU3MKIB HeBUacHOi 3aayi IT-MpoekTiB THM caMUM J03BOJIUTH
3a0IIAANTH BeJIWYe3Hi kowTH. IIpore s 3aaua He € TPUBIAIBHOIO, aJDKE Ha
Hel BIUIMBAIOTh YMCIICHHI 1 MPH IIbOMY JOBOJII Pi3HI 32 MPHPOIOI0 ACTIEKTH
yrpasiians [T-mpoekramu.

Yacmi 3minu. OnHa 3 HaOIBIINX po0ieM B yrpaiinHi [ T-npoekramu
MOB’s3aHa 3 4acTUMH 3MiHamu. Tak, 3a JaHuMu fociipkeHb [3] 48%
PO3POOHUKIB SIK OJIHY 3 OCHOBHHX IPUYMH MPOBAIIB MPOEKTIB 3 PO3POOKH
[13 Bka3ayu Ha 4YacTi 3MiHM 200 MMOTaHO 33/JI0KYMEHTOBaHI BHUMOTH. Piu y
TiM, IO YIIPOJOBXK JKUTTS MPOEKTY HE PIJKO 3MIHIOIOTHCS HOTO KOHIEMIII,
00Csry, BUMOTH 1 HaBiTh KUIBKICTh 3aBJiaHb, SIKi MOTPIOHO BUKOHATH 3a
oouH crpuHT. lle Moke NpHU3BECTH [0: MEPEBAHTaKEHUX CIIPUHTIB,
3aJIMIICHUX MPOEKTHUX 3aBJaHb, MUMOBLUIBHOTO IOJIOBXKEHHS CIIPHHTIB, i,
K  HACIIJOK, J€AKl OJKUTTEBO BaKJIMBI 3aBIaHHSA  3aJHIIAIOTHCS
HEe3aBEpIICHUMH. TOMy KEpiBHHKOBI MPOEKTY Ba)JIMBO IMOCTIHHO
MIEPETJIAAATH MACIITa0M MOMJIMBUX 3MiH, OOTOBOPIOBATH 1€ 3 KIFOUOBUMH
3aIiKaBIEHUMH CTOPOHAMH, BH3HAYaTH HOBI MOXIIMBI TIPiOPHTETH
MMOJANIBIIION0 PO3BUTKY MPOEKTY, E€(PEKTHBHO PO3MOIUIATH 3aBOAHHA 1
BYACHO HAJABATH TOYHY iH()OPMAIIIIO KITI€HTY PO CTaH MPOEKTY.

Ilpobnema xomyHiKayii Midc YUCTEHHUMU CMEUKXOA0epamu HPOEKM).
[Hmoro momupeHo0 TPOOIEMOI0, 3 KO CTUKaeTbes [T-mpoexT, €
BeJIMYE3HA KUTBKICTh 3aTydeHHUX MAapTHEPiB, 3aMOBHHKIB 1 IMOCTAa9aIbHUKIB.
[Tpnbmmzao 29% mpOoeKTIB 3aBepIIyIOThCS HEBAadelo [4] depe3 moraxHy
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KOMYHIKalilo yucieHHuXx crelikxonaepiB. KepiBauku IT-mpoexTiB MaroTh
no0pe KepyBaTH KOMYHIKalli€ro, M00 YHHKHYTH KOH(QJIIKTIB y KOMaHi,
3a0e3MeunTH CBOEYacHE BUKOHAHHS Ta JIOCSATTH LIJIEH MPOEKTY.

Bnaus IT-ingppacmpykmypu na 6e3neky ma YNpasniHHa OAHUMU €
VHIKQIBHOIO Ta BOAHouYac crenudivyHoo mpobmemoro [T-mpoekris,
nopiBHAHO 3 iHmUME chepamu. Ockinbku IT-iHOPaCTPYKTypa CKIaTAEThCSI
3 amapaTHOrO Ta MPOrPaMHOro 3a0e3IMeUeHHsI, TO BHECCHHS OyIb-sIKUX 3MiH
Mae OyTH BUB@KEHUM, 100 BOHHM HE CIIPUYMHWIM PH3MKHU JJIsI OpraHizarii
Yy TaHUX 1i KJII€HTIB.

Ipobnemu yzeoooicenoi pobomu uucnennux IT-komnonenmis. Ile
OfHi€I0 criel(iYHOI0 MPOOIEMOI0, 3 SKOI CTHKAIOTHCS KOMaHIU PO3POOKH
IT-nipoexTiB, € ckaaaHi 3aIeXHOCTI Mik [T-KOMIOHEHTaMU: 00JaIHAHHSIM,
NpOrpaMHUM 3a0e3leueHHsIM, Mepexamu, ganumu. Ha npakrumi T-
NPOEKTH HEMUHYYE CTUKAIOTHCS 3 TOMUIIKAMH Ta MpodJieMaMu X B3aemMoii,
HE Ka)Xydyd BXK€ NpPO YHCIIEHHI OHOBJEHHS, Bepcii Ta Bumycku [13. Sk
NPUKIIAJA, HEOOXIJHICT Y3rO/KEHOI B3a€EMOJIi pI3HUX KOMII FOTEpiB,
MIPUHTEPIB, IUIAHILIETIB, CMAapT(OHIB i3 PI3HUMH BEPCISIMU ONepariiHuX
cHCTeM, JIpaliBepiB Ta yTHJIIT y paMKax BEJIHKOI OpraHisallii, Jie IpamioTh
TUCSY1 PI3HUX MPHUCTPOIB MOMIOHOTO POLY.

Coyianvne Oucmanyiloganus. He B OCTaHHIO dYepry NPUYUHOIO
3pOCTaHHs KiJIbKOCTI IIpobieM yrpasiinas [T-mpoexkramMu 3a ocTaHHI pOKH €
colliaJibHE JUCTAHIIIOBAHHS, CIHPHYMHEHE MaHJIEMI€l0 KOpPOHaBipyCy
COVID-19, i nepexonom 1o Bimmanenoi poooru. Jocnimkenus KPMG [5]
nokaszytots, mo COVID-19 cyrreBo BIiMHYB Ha NoHax 58% KommaHiit
CBITY, IO MPU3BEJIO O 3aTPUMOK 200 CKaCyBaHHS YUCIEHHUX IIPOEKTIB.

Jliteparypa
[1] Share of projects delivered on time by professional service organizations within
software ~ companies  worldwide  from 2015 to 2021. URL:
https://www.statista.com/statistics/936 785/software-professional-services-
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[2] Revenue of the software market worldwide from 2016 to 2027, by segment.
URL: https://www.statista.com/forecasts/954176/global-software-revenue-by-
segment
[3] Leading reasons for software project failure according to developers worldwide.
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MOJIEJIOBAHHSA IHTEJIEKTYAJIBHOI'O 3ABE3ITEYEHHSA
JIATHOCTHUKHU TA MOHITOPUHI'Y EJIEMEHTIB CYJHOBUX
YCTATKYBAHbD 3A JOIIOMOI'OIO JIAHIIIOI'IB MAPKOBA
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MODELING OF INTELLIGENT SECURITY DIAGNOSTICS AND
MONITORING OF ELEMENTS IN SHIP INSTALLATIONS BY
LANTSYUGIV MARKOV

Dr.Sci. O. Sharko, A. Yanenko
Kherson State Maritime Academy, Ukraine

Anomauis. Ilpeocmasnena cucmema iHMENEKMYAIbHO20 —3a0e3neyeHHsl
diaeHocmuku — ma — MOHIMOpuUHZy — eleMeHmie  mypOOHAcHIMmAauie  CYOHOBUX
enepeemuunux ycmamkysanv (CEY) 3a oonomocoio nanyiozie Maprosa. Hosusnoro
PO3pOONEHOI MemoOono2ii AGNAEMbCS 3AMIHA OUCKDEMHUX YACOBUX [HMEPBANI8
npoyecy 0iazHOCMUKU ROCIIO0BHICHIO MeXHIYHUX 00 'ekmie. B maxiii nocmanogyi
aanyroeu  Mapkosa npedcmaensioms cob6010 CUHMEMUYHY 61ACUGICIb  AKA
akymymoe  piznopioni  ¢pakmopu.  Pamoomizayis — cmoxacmuyHux — npoyecie
diaznocmyeanns — ma — MOMIMOPUHSY — €lleMEeHMmi8  CYOHOBUX  eHep2emUudHUX
YCmamkygans 0036051€ NiOGUUUMU HAOIIIHICTb.

Knrouosei cnosa: cucmema inmenekmyanvHozco 3a0e3nedyeHHs OiaeHOCIUKU ma
MOHIMOPUHEY elleMeHmie MypOOHAZHIMAYIE CYOHOBUX eHEPLEMUYHUX YCMAMKYBAHb

Abstract. A system of intelligent diagnostics and monitoring of elements of
turbochargers of ship power systems (SEU) with the help of Markov's Lancs is
presented. The novelty of the developed methodology is the replacement of discrete
hourly intervals in the diagnostic process with a sequence of technical objects. In
such a setting, Markov’s Lantzug represents a synthetic power that accumulates
various factors. Randomization of stochastic processes for diagnosing and
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monitoring elements of ship energy installations makes it possible to increase
reliability

Keywords: a system of intelligent diagnostics and monitoring of elements of
turbochargers of ship power systems

MeTo0 JocTifiKeHHS € MaTeMaTH4HE MOJIENIIOBaHHS IPOIECiB
JllarHOCTYBaHHS MOHITOPHHTY TEXHIYHOTO CTaHy €JIEMEHTIB
typOonarnitayie CEY BukopucroByroun nanmora Mapkosa. Jlaniorun
MapkoBa XapakTepU3ylOTh CTOXACTHYHHHA TMPOIEC B SKOMY YMOBHHIA
pO3TONi WMOBIPHONO MaOYTHBROTO CTaHy IMX TPOIICCIB 3aJCKUTh TiTBKH
BiJI TETIEPINTHHOTO CTAHY IIMX TPOIIECIB.

B [1-3] po3risiHyTi METOMOJOTIUHI aCleKTH BUKOPHCTAHHS JTUCKPETHHX
JaHIOriB MapkoBa mpu po3poOlli YHpaBlIiHCBKUX CTPATETiuyHHUX DillleHb B
Ppi3HOMaHITHHX Tamy3sX eKoHoMiku. B [4-5] Mmomens MapkiBChbKOTo mporecy
BHUKOPHCTOBYEThCS 3a JUI BHSBICHHS BEKTOPIB CTaHy TMOMHUTY Ta
TIPOTIO3HITIH.

B skocti MarepianiB JOCHI/PKEHHS BUKOPHUCTOBYBAJIUCH MapaMeTpH
JIarHOCTYBaHHs €JIEMEHTIB TypOOHAarHiTa4iB Ta WMOBIPHICHI OIIHKH
BiIMOB, OTPMMaHHMX Ha OCHOBI BEJIHKOrO CTATUCTUYHOIO Marepiany
eKcIuTyaTalii TPaHCIHOPTHHX CyIeH B yMOBAaX HEBU3HAYEHOCTI BIUIUBY
30BHILIHBOI'O CEPEOBUIIA.

B skocTi MeTomiB  JOCIHIDKEHHSI BHKOPHUCTOBYBAJIHCh  JIAHILIIOTH
Mapxkosa. Jlanmtorn MapkoBa J03BOJISIIOTH 3reHepyBaTd mofii. TexHiuHe
pilieHHs sl OIIHKKM  TOCHIJIOBHOCTI ~ BHUKOPHCTAaHHS  MPOLEAYD
JIlaTHOCTYBaHHs KOHKPETHUX elleMeHTiB TypOoHarHitauiB CEY B pamkax
Teopii MapkoBa TNOCTYJIOIOTH  BHOIp  HalKpalloi  aJbTepHATHBU
BUKOPHCTAHHSI anaparty Teopii HMOBipHOCTI.

5,

Bynp sxuit ctan 7 Moxe OyTH HOCSITHYTHH i3 OyAb SIKOrO CTaHy
KiHIIEBE YUCIIO MIEPEXOIiB.

I[Ipu MomemoBaHHI BAXKHX TEXHIYHHX O0O’€KTIB Oprasi3armiiHo-
TEXHIYHUX CHCTEM KIIOYOBHM MOMEHTOM € BiOOpaXEHHS CTPYKTYpH
B3a€MO3B’S3KIB Ta TMepexoniB. HesanexxHi BUNPOOYBaHHA —SIBISIFOTHCS
OKpeMHUM BHUMagkoM JaHmora Mapkosa. Ilomii BBaKalOThCI CTaHOM
CHCTEMH, a caMi BUIIPOOYBAHHS — 3MIHOIO CTAaHY CHCTEMH.

s

1 3a

[epexinmni #iMOBipHOCTI F:r I He 3aJeXaTh BiJl MOMEHTY 4Yacy, a 3aJIeXxarb

Tineku Big / Ta !
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Pll Pli 'Pl:lz
P=|Py Pyy.. Py,
P, P,.. P

n nn

0sPys<t ). Pi=1

Jlanmror MapkoBa Oyne ONHOpPIAHWEN, KOMM YMOBH HMOBiIpHOCTI F:r'!'

ac

nepexony cuctemu i3 crany ! B cran J me Oyme 3anexuth Big HOMepy
BUNpOOyBaHHs. VIMOBipHiCTh F_..f i Oyne nepexiHO WMOBIPHICTIO.

VimoBipHicTh ‘::r'!' (n) MO)xe OyTH 3HaiineHa 3a (OpMYJIOr, KOTpY
Ha3MBaIOTh PiBHICTIO MapkoBa

P;(n) = ZP(m)P(n—m)

ne M — KijbKicTh KPOKiB HEOOXiIHMX CHCTEMI Ul MEPEXOAyY i3 cTany ' B

cran /, 1t~ queno HapaMeTpiB KOHTPOIIO

Bynp sikuii cran .5} MOXe OyTH JIOCATHYTHH i3 Oy/b SIKOTO CTaHy 3a
KIiHIEBY KUJIbKICTB TEPEXOIiB.

WMoBipHICTh mepexoay i3 OAHOrO CTaHy B IHIIMHA OJHAKOBAa B
HE3aJISKHOCTI BiJl TOrO CKIJIbKM MPOMIXXHUX CTaHIB MOXKe OyTH HpOMAEHO
JUIsL IOCSATHEHHS KiHIEBOT METH.

XapakTepHOIO  OCOOJIMBICTIO ~ MOJEJIOBAHHS  IHTEJIEKTYaJIbHOIO
3a0e3ledeHHs  MIarTHOCTMKH 1 MOHITOPHHTY  €JEMEHTIB  CYTHOBHUX
SHepPreTUYHHX YCTaTKyBaHb SBIISETHCS Te, IO YMOBHA HMOBIpHICTD Py (S)
HE 3aJIeKUTh BiJ cTaHy, TOOTO P (5) = Pa. Tyr ' — HOMep mHoOmepeaHLOro

crany, / — HOMep HAaCTyIHOrO CTaHy.
VIMoBipHICTP TIepexo/1iB Moke OyTH MpeICcTaBlIeHa B BUTIIAI PIBHOCTI

P(x,=5) = qp(S)Vsep
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eV S

3HaXO/PKEHHsI CHCTEMU B MOMEHT 4acy ty= O, %o — Touka BIJUTIKY.

- KBaHTOp BCeOIYHOCTI, — muckpernuii ctan, o- fimoBipHicTh

Bennuuna E SIBJISIE COOOIO KiHHeBe YHCIIO0 CTaHIB
E={e,e ..e,}

WIMOBIpHICTD  mepexoqy CHUCTEMH BHPaXKA€ThCS Yepe3  CTailo
JliarHOCTyBaHHS elleMeHTiB TypOoHarHitauiB CEY

lIJ::;'Cn+1 = Sn+1|xn = Sn) = P(Sn-5n+l)v(5n+llsn)

BukopucranHs aHIoriB  MapkoBa Ui BHSIBJICHHS  IIPOILIECIB
IHTEJEKTYalIbHOr0 3a0e3IeYeHHsI JIIarHOCTUKU 1 MOHITOPHHTY €JIEMEHTIB
tTypOoHnarHitadis CEY 3yMoBIIeHa BUKOPHUCTaHHSAM HACTYITHHX MOJI0XKEHb.

CucTeMa  [arHOCTYBAaHHS 3HAXOMUTBHCS B CTAHAX “1r92 = Sn,
[epexou MOXIIMBI TUIBKM B MOMEHTH 4acy, KOTPI XapaKTepu3ylOTh €Tanu
MOHITOPUHTY, TOOTO BBAXAIOTBCS KPOKaMH. ApPryMEHTOM JIAHLIOTY
MapkoBa € HOMep KpOKY.

Jlanmror MapkoBa B J100HMi MOMEHT 4acy MOXKe OyTH OxXapaKTepH30BaHa
BEKTOpaMH 10 CTPOUIl MATPUIIl epexinHux iWmosipuocTel (1).

SIK0 TIOMHOXXUTH BEKTOpP-CTPOKY, fAKa XapaKTepH3ye PpO3MOZILI
HWMOBIpPHOCTEH Ha TIEBHOMY €Tarli IIarHOCTYBaHHs Ha MaTPUIIIO MEPEeXiTHUX
HWMOBIpPHOCTEH OTPUMAEMO PO3IIOILNT HMOBIPHOCTEI! HAa HACTYITHOMY eTari ix
peanizauii B HArsIHIA (GOpMI Ta Ha PI3HUX eTarnaxX MOHITOPHHTY.

BucHoBok. Po3poOiieHa KOHIENTyalbHA MOIENb 1HTENEKTYaTbHOTO
3a0e3IeueHHs MOHITOPUHTY €lIeMeHTIB TypOoHarHiTauiB enemeHTiB CEYVY,
HaIpaBJieHa HAa BIOCKOHAJICHHS MEXaHi3MiB JiarHOCTYBAaHHS Ta MPUHAHITTA
pileHs Ha OCHOBI JaHIOTiB MapkoBa.

CrBopeHa imitamiss Momeni B BHIVIAL  oprpada, B KOTPOMY
MIPEICTABISIOTH CTaH MPOIIECy, a pedpa — mepexi MK HAMU.

HoBu3HOIO MaHHOI MOJIEINI € Te MO B SIKOCTI apTyMEHTIB JIiarHOCTyBaHHS
BHUKOPHUCTOBYETHCS HE Yac, a MOCIIIOBHICTh CTaHy JiarHOCTYBaHHS 1 HOMEp
mary sIKMid BimoOpakae iHTepBaIHM TUCKpEAWTAIii MOHITOPHUHTY €JIEMEHTIB
TypboHarHiTaua CEY B CKIIaHUX yMOBaX €KCILTyaTarlii.

219



Materials of the XI International Scientific Conference
«Information-Management Systems and Technologies»
21th — 23th September, 2023, Odessa

Jlirepatypa

[1] Obhiomo J., Weke P., Ngaze P., Modeling Kenyan Economic Impact of
Corona Virus in Kenya Using Discrete Time Markov Chains / Jornal of Finance and
Economics 2020-V8-Ne2 pp. 80-85.

[2] Sharko M., Petrushenko N., Gonchar O., Vasylenko N., Vorobyova K.,
Zakryzhevska 1. Information Support of Intelligent Decision Support Systems for
Managing Complex Organizational and Technical Objects Based on Markov Chains
CEUR Workshop Proceedings, 2022, 3171, pp. 986-998.

[3] Panarina D.V. Arrangement of Markow Breaking Chains in the Economy.
Vesnik of Toumen State Qil and Gas University 2015-Ne11-2(64) pp. 79-82.

[4] Sherstennikov Y.V. Application of the Markov process model to the study of
the economic efficiency of the firm / Economic Herald of Donbass 2007 -Ne2-pp. 92-
95.

[5] Sharko M.V., Sharko A.V. Innovative aspects of management of
development of enterprises of regional tourism / Actual problems of economy 8(158)
pp. 224-229 (2014).

UDC 004.8
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Abstract. An attempt ahs been made to reconsider the oficially recommended
architectural patterns for Android applications, in particular the implementation of
MVVM pattern, in order to provide the developers with more control over the
components lifecycle. The work adopts some of the ideas from other modern
architectures for interactive systems while staying as close to the officially
recommended solutions as possible.
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Anomauia. byno 30iticneno cnpoby nepeznsnymu OQiyitiHo peKoMeHOO08aHT
apximekmypui  wabnonu 01 AHOpOIO 3acmoCyHKie, 30Kpema, Mexanizmie O
peanizayii wabrony MVVM, 3 memorw Hnadanus po3pobHuxam Oinvbuie KOHMPOIIO
HAO HCUMMESUM YUKIIOM KOMNOHeHm. Poboma suxopucmosye ioei 3 iHuux cyuacHux
ApPXIMeKmypHUxX pileHb Olsi THMEPAKMUSHUX CUCIEM, 3aTULAIYUCL HPU YbOMY
AKHaoOnUdNiCUe 00 OPIYItIHO PEKOMEHOOBAHUX DilleHD.

Knrouogi cnosa: anopoio, apximexmypa, wabnonu, KOMnOHeHmu.

Since its first release Android has come a long way to become the most
popular mobile operating system. The applications developed for Android
OS are expecetd to run flawlessly on the incredibly wide spectrum of
devices produced by the various manufacturers, each, perhaps, running its
own modification of the original version of Android OS.

Today the developers of Android application are provided with the great
tools and libraries, and, what is important, they have the official
arthitectural guidelines and development best practices.

However, for a long time the official recommendations regarding the
application architecture remained unspoken. At the same time, it has the
crutial impact on the quality, reliability and maintainability of the
application, and is especially important in the mentioned operation
conditions.

Finally, after the years of silence, Google announced the Android
architecture components with the Model-View-ViewModel (MVVM) as the
oficially recommended architectural pattern for the development of Android
applications, and provided the corresponding libraries, documentations and
examples. It was an important step in the evolution of Android, yet the
proposed solutions are not suitable for the every system. In my opinion, the
MVVM, as it proposed, is more likely an ad hoc mechanism for the
application to survive upon the configuration changes rather than a well-
designed architectural pattern.

Moreover, the internal implementation of this mechanism is biased
towards the applications with the deep navigation graphs. As the result, it
frequently requires the use of ugly workaraounds to solve a seemingly
simple problem. In order to meet the needs of Android developers, the
plenty of other decent architectural approaches has been created, e.g. RIBs
[1], VIPER, Redux.

However, the complexity and verbosity of the mentioned approaches
may overweight the benefits when applied to the development of small-
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sized or medium-sized applications. | tried to reconsider the proposed
MVVM mechanism, adopting some of the ideas from other architectures
while staying as close to the officially recommended solutions as possible
[2].

As usually, we decompose the application into independent components,
each providing some feature of the total application.

The dependencies of a component are explicitly declared in the
corresponding Dependency interface which is unique for each component
and is used for a dynamic dependency resolution during a runtime.

The components itself use the compile time dependency injection
mechanisms (Dagger, manual DI, etc) to construct their internals. Next, the
natural questions arise: who does initiate the build of a component, how it
finds the dependencies and where is the component stored after it has been
created? The components are stored in the corresponding containers, making
up atree.

The root of the tree contains the application component which is created
first and tied to the application process lifecycle.

The component of a parent container includes the corresponding
dependencies of the future children components. Finally, the entry points
(e.g. Activity, Fragment, Service etc.) implement the ComponentOwner
interface in order to get the access to the containers tree.

Then it finds the already initialized component in the containers tree or
looks for the dependency of the component, create it, wrap it into a new
container and attach it to the tree. All this is done automatically, and it only
requires for the component builder (factory) to be provided to the
corresponding Kotlin extention function from inside the entry point.

The developer can control whether a container should overlive the
instance who created it, providing the means to store the created
ViewModels and safely store the configuration-dependend stuff (e.g. cache
the Views) if needed. To summarize, such approach explicitly decouple the
lifecycle of the components from the lifecycle of their ephemeral entry
points.

References

[1] https://github.com/uber/RIBs
[2] https://gitlab.com/fandroid/components
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Abstract. The paper proposes the idea and design for a framework aimed at
tracking, evaluating and comparing large language models (LLMs). The paper
presents the problem statement, proposed idea, design considerations, and possible
future improvements and uses.

Keywords: natural language processing, large language models.

Currently, the use of LLMs is actively growing in popularity, new
models are in active development, and old models are undergoing updates.
However, due to the inability to reliably interpret large amounts of
parameters in trained LLMSs, the stochastic nature of LLMSs, as well as
closed-source nature of some models, it is not clear how model’s
performance in different tasks changes over time and how it compares to
other models. For example, several of the most popular LLMs (chatgpt-3.5-
turbo and chatgpt-4) have undergone significant changes in response quality
over time [1]. The combination of said factors introduces a problem where it
becomes difficult to reliably measure the relative quality of new models,
model updates, and special techniques for improving their quality.
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To address the issues of obfuscated changes in quality over time and
difficulty in LLM comparison, this paper proposes a system that would
perform the following tasks: automatically find, track and log popular
available LLMs and their version.

This includes tracking the model’s price per token (if applicable),
context size, and other parameters.

Firstly, this creates a list of models for future evaluation and comparison.
Secondly, this allows for correlating model’s performance with its cost,
assisting in the selection of the best fitting model for a given task.

Finally, this allows for tracking improvements in cost and context size of
specific models over time; automatically extensively evaluate available
LLMs on a variety of predefined tasks with a variety of configurations, and
save the results. Using a standardized set of tasks (such as reading
comprehension and spam classification) would allow for a way of rating
models that is reliable over time, and saving the results would allow for
measuring how the performance of a model changes with time; provide
reports, comparing performance.

The system will provide an interactive user interface, that will allow
users to see how an LLMs performance has changed over time, how it
compares to other models, different hyperparameters, etc.; allow for creation
of custom user-defined model-evaluation tasks, as well as adding custom
models. To facilitate the development of new models, the system must
provide a way for users evaluate their custom models on both predefined
and new tasks; incorporate the functionality to evaluate models using special
methodologies intended to improve their quality, such as ChromaDB. This
can serve as a starting point for testing new methodologies, allowing for
their comparison.

A similar benchmarking system was developed in [2]. In comparison to
it, the proposed system incorporates automatic tracking of popular LLMs, as
well as focusing on keeping track of model’s performance over time, and
will focus on NLP tasks as opposed to agent tasks.

We encountered several design considerations in the process of
designing the proposed system. Regarding the model tracking functionality,
it is important to use several different resources as sources for available
models.

For example, while the online service OpenRouter allows for using a
model-agnostic API to access popular LLMs from different providers, it
does not provide a way of accessing many open-source models. To work
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with popular open-source models, acquiring their list from Huggingface
service would be an adequate option. Consequently, when running the
model, the system should account for different viable ways to run it, such as
making an OpenRouter API call, running a local Huggingface model, or
using Huggingface inference API.

In addition, it is important to account for the price of running evaluations
of the models. Before running each evaluation, the system should compute
the approximate cost (based on the token count and price per token), and
cancel the evaluation if the price exceeds allowed limits. This is especially
important with LLMs accessed through APIs, as excessive calls can quickly
use up available tokens.

Another important design consideration is that LLMs can perform
differently on the same task based on the prompt.

This necessitates a comparison of different types of prompts on the same
model, as well as a way of selecting the best prompt formatting technique
based on combination of task and model when evaluating the model as a
whole.

Considering possible future improvements on the proposed system, the
list of tasks could be expanded to match and surpass those in [2].

The system can also be expanded to evaluate and compare different
techniques for improving LLM performance (such as functions and vector
databases). We should also look into the possibility of using the proposed
architecture to evaluate Al in other areas besides text generation.

In conclusion, we have described a viable system that can help alleviate
the problems of tracking changes in popular LLMs and difficulties in
comparing LLMs.

The described system can serve as a base for experimentations on new
techniques for increasing the LLM output quality, owing to the model
comparison functionality.

References
[1] Lingjiao C. How is ChatGPT's behavior changing over time? / Lingjiao C., Matei

Z., James Z. /I arXiv:2307.09009v2 — Stanford University, UC Berkeley, 2023. — P.
23. - https://doi.org/10.48550/ar Xiv.2307.09009
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CyuacHi mixoau 0 CTBOPEHHS IMITAlIHHUX MOJEJeH SIBISIOTh COOO0
3aco0u MoOyIOBH CHPOIICHOTO OaueHHS M CTIIPHHHSTTS PEaIbHOI CHCTEMH
3 Macorw oomexens [1].

BBomuti Taki oOMexeHHS HEOOXiIHO, TaK SK pealbHI MPOIECH, II0
MIPOTIKAIOTh B MPHUPOLi CYCHIIBCTBI, HACTUIHKY CKJIAJHI 1 TIOB'A3aHI 3 TAKOIO
BEJIMKOI KiTBKICTIO OTOUYOUHX (DaKTOpiB, M0 TOOYIOBa BCEOCSKHOI
MoJIeIi - Tie CKIIaaHa 3a1a4a [2].

AKTyaJbHAM € 3aCTOCYBaHHS 3ac00iB MOJCTIOBAHHS JIHUCKPETHO-
MOi€BHX CHCTEM [UTS IPEBEHTUBHOTO aHAIT3Y iX peanbHoro crany [3].
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Po3pobnena Mozenp mpu3HaueHa ISt AOCITIDKEHHS crenudikia podoTn
CKIamy copTyBaimbHOI craHIii. OCHOBHI omepariii: pO3BaHTaXKCHHS,
3aBaHTa)XEHHS Ta 30MPaHHS 3aMOBJICHb.

Po3pobnena wmopmens wmictuth 10 OKpeMO CTBOpEHHMX areHTIB Ta
CTUMYJIALIHHAN MOJTYJTb JOCITIPKEHHSL:

1. Dock (BaHTa)KHMH MaWIaHYMK) — 16 OKpeMa CYTHICTb, SIKa MIiCTUTb
¢yHkmii Ta 3MiHHI IS OOpOOKM JaHMX MOJENI IO BaHTAKHHUX
MalJaHYMKaXx.

2. Forklift (BunkoBuii mepeBaHTa)xxyBad) — Il € areHT, SKUH IMITye
PpOoOOTY BUIIKOBOT'O NEpEBaHTAXKyBada 3aMOBJICHb JUISl IOCTABKH BaHTAXIB 3
MICIISI PO3BAaHTaXKEHHS JIO MICLIS 3aBaHTa)KEHHSL.

3. LoadingTruck (3aBaHTaXyBaJIbHa BaHTaKiBKa) — areHT, HEOOXiTHHI
JUISL MOJISITIOBAHHS BAHTAXIBOK, 1[0 NPHOYBAIOTh 10 CTAHIII 3 METO
OTPUMAaHHS 3aMOBJICHb.

4. Order (3aMOBJIEHHSI) — CYTHITh, SIKa& MOJIEJIIOE JESKUI CKJ1aj] TOBapiB
Ta Ma€ CBOi BIACTHBOCTI, (PYHKILIT Ta 3MiHHI.

5. Pallet (manmera) — cyrHiCTh, siKa CIyrye MicleM nepeOyBaHHS
OKpPEMOTr0 3aMOBJICHHSI Ha COPTYBaJIbHII CTaHIIIi.
6. ResourceHandler (oOpoOHuK pecypciB) — areHrt, SKHA BHHYE

00OB’SI3KM TIOCEPEIHMKA TMiJ| Yac 3/iHCHEHHs Omepaliil TPaHCIOPTYBaHHS
3aMOBJICHHS JI0, 10 Ta 3 COPTYBAJIbHIN CTAHIIIT.

7. Truck (BaHTaXiBKa) — areHT, 110 3IHCHIOE MOJCITIOBAHHS BaHTAXIBKU
3a BKa3aHOIO TPAEKTOPIEIO.

8. Type (Tum) — CyTHICTB, IO XapaKTepH3ye KiNbKICHI Ta SIKiCHI
napameTpH JIOCIiKYBaHOT MOJIEITi.
9. Unloading Truck (po3BaHTakyBaJibHa BaHTaXIBKA) — areHT,

HEOOXiTHUI JJIsI MOJENIOBAHHS BaHTaXIBOK, IO BiAOyBAlOTh 3 CTaHMil 3
METOIO NIePEBE3EHHS OTPUMAHHUX 3aMOBIICHb.

10. Main (TOJOBHHI{) — areHT TOJIOBHOTO KJIACy MPOTPaMHOI CHMYJISIIT
poboTH Momenmi, MO MICTHTh PECypCcHY CTPYKTYpYy OO’€KTiB Momem Ta
TeHepy€e FOJI0BHUM MIPOrpaMHUM KOZ.

11. Simulation:Main (Momy’ap CHMYMSALil) — CTUMYILIIAHIA MOIYIb
BHUKOHAHHS TIPOLIECY TOCTIIKEHHS CTBOPEHOI MOAeNi, AKkuil 3abesmedye
inTepdeiic hopmu ctapTy podOTH MOJEII.

BucHoBku. [laHa Mozenb JO3BOJISE JOCTIDKYBATH PiBEHb 3aBaHTAXKCHHS
COPTYBaJlbHOI ~ CTaHLil  3aBASKH  IPOBEICHHIO  OOYHCIIOBAJIBHOTO
eKCIIEPUMEHTY, 110 MOXKe OYTH BUKOPHUCTAHO JUIS BUSBJICHHS CIAOKHUX MicCIlb
Yy poOOTi PO3TISTHYTOTO 3aKIIaIy.
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JocmimkeHHss  po3po0JieHOi MOAeT J03BONSE 3HU3HTH KUIBKICTh
MOMWJIOK B OpraHi3amii poOOTH COpPTYBadbHOI YHM CKJIAJCHKOI CTaHIIIi,
3aBASKH MOMJIMBOCTSM TIPOBEACHHS NPEBECHTUBHOIO aHANi3y  ClIaOKHUX
MIiCITb CHCTEMU.
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Abstract. The work is focused on the main aspects of assessing the level of
competence of software testing specialists based on the application of the fuzzy logic
apparatus.

Keywords: fuzzy logic, software testing.

PerenbHe onpamtoBaHHs NUTaHb KBamiikamii KaJapiB crajia HeBil' €MHOIO
YaCTHHOIO 1 BAYKJIMBOIO CKJIAJIOBOIO YCHIXY AiSIIBHOCTI KOXKHOI KOMIIaHii.

IpoTe BCce yacTinie CyyacCHUMH KOMIAHIsIMUA 3 PO3POOKU TPOrPaMHOro
3abesneuennss (I[13) noBoauThCs mpuiiMaTH  pilIEHHS B yMOBax
HEBM3HAYEHOCTI, SIKi MOXYTb IPUBECTH JI0 HerependaueHnX HACHiJKIB i,
BIiJIMOBIIHO, HEOAXKAaHUM pe3yabTaraMm i 30utkam [1].

CBocuyacHe BUSBIIECHHS, a TAKOXK aJE€KBaTHA 1 HAHOUIBII TOYHA OIliHKA
KOMIIETEHTHOCTI PI3HMX TPaliBHUKIB TaKUX KOMIIaHI € OfHi€l0 3
HaraJibHUX MPOOJIEM Cy4acHOro aHasi3y.

JU71s1 11bOTO JOLIIBHUM € 3aCTOCYBAaHHS HEUITKOI JIOTIiKH.

BHKOpHCTaHHS, 30KpeMa, Teopil HEUiTKUX MHOXHUH JIO3BOJISIE OMHUCYBATH
HEYiTKI MOHATTS 1 3HAaHHS, ONEPYBaTH IIMMHU 3HAHHSAMH 1 POOUTH HEUiTKi
BUCHOBKH.

OCHOBOIO JIJIsl IPOBEICHHSI orepallii HeYiTKOro JIOTIYHOTO BHUCHOBKY €
0a3a mpaBuIl, 110 MICTUTh HEYIiTKI BUCIOBJIIOBaHHs Y ¢opmi "Skio mock" i
(yHKIIT TPUHATISKHOCTI JUTS BiJIIOBITHUX JIHIBICTUYHHX TepMiB [2].

AmHani3 JniTepaTypHHX JDKEpell II0Ka3aB, IO PIBEHb KOMIIETEHTHOCTI
TectyBaJbHUKA [13 (OPMYETHCSI BHXOASYHM 3 COLIAIBbHO-OpraHi3aliiHuX,
npoecifHUX 1 IICUXONOTIYHUX ACTIEKTIB.

VY cBOIO, Yepry KOXKEeH acleKT BKIIOYA€e B ceOe Pi3Hi SKOCTi, HAlOLIbII
aKTYaJIbHAMH 3 SIKHX €:

1. CouianpHo-opraHizaiiiHi sikocti (comianbHuid piBeHb). JlimepcTo.
KomynikabenbHicth. CTpecocTiiikicTb. BimoBinanbHICTB.

2. Tpodeciiini skocti (npodeciiinuii piBeHs). Jloriko-aHATITHYHUIA
ckianx posymy. TexHiuHa mikaBicTh. KpeaTuBHICTB 1 00pa3HICTh MHUCIEHHS. .
CamoocsiTa.

3. Ilcuxonoriuni sxocTi (TICUXONOriyHUK piBeHs). EMoriiaicTs. Boms.
MopansHicTs. MoTHBaIIIS.

Ha 6a3i BusiBeHHX (akTOpiB € MOXKINBUM TOOYIOBa HEJITKOI MOMIETI.
JlinrBictuHi 3MiHHI ()AKTOpIB HEUITKOI MOENi aHai3y Ta OIiHKA
COIIiaJIbHO-OPTaHi3ai HHOTO piBHA KOMIIETEHTHOCTI (COPK)
TecryBanbHUKIB [13 HaBeneHo y Tabm. 1.
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3 MeTor MOOYAOBH HEYITKOI MOAET JUIsl  JIIHTBICTUYHUX 3MiHHUX
BHUKOPHCTOBYIOThCA TepMHu «Huzbka», «Cepenus» ta «Bucokay.

BucHoBku. Po3po0nieHy HEYITKY MOJETh OIIHKH KOMITCTCHTHOCTI
TecTyBaJbHUKIB 13 MOKHa BHKOPHCTOBYBATH JJIsl BpaXyBaHHS B3aeMOIIi 1
B3a€MO3AIKHOCTI BCiX (DaKkTOpiB, IO BIUIMBAIOTH HAa piBEHb SKOCTI
BUKOHAHHS BUPOOHMYHMX pOOIT 3 TEpPEeBIpKH SKOCTI MPOrpaMHOrO
3a0e3rneueHHs i 3HU3UTU 4acoBi BUTpPATH Ha (HOpMai3aililo JIIHTBICTHIHUX
3MiHHHX.

Tabmuus 1 — JlinrBictuuni 3minHi dakropiB COPK i1 ix ¢yHkuii
TIPUHAJIEIKHOCTI

Hassa . O06nacTs BU3HAYEHHS
. .. Tepmu 3MiHHOI
HHFBI.CTWI..HOI (cuMBobHA (hopma) byrxnif .
3MIHHOI MPUHAJIEKHOCTI
Husske Y, 0,0.25
JlinepctBO Cepenne Y, 0.25, 0.65
Bucoke Y, 0551
Husbka Y, 0,0.3
KomyHikabenbHiCTh Cepennst Y, 0.2, 0.65
Bucoka Y,05,1
Husbka Y, 0,0.25
CrpecocTilikicTh Cepennst Y, 0.2, 0.65
Bucoka Y, 0.6, 1
Husbka Y, 0, 0.28
BinnosiganbHicTh Cepennst Y, 0.25, 0.6
Bucoka Y,05,1
CouianbHO- Huspkuit Y, 0,0.21
oprasizamiiHui Cepenniit Y, 0.18, 0.59
piBeHb Bucokuii Y, 0.55, 1
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0. Mapop[0000-0022:6722:1274] B TIponanos
Odecbkutl Hayionanehull norimexHiynuil ynieepcumem, Yxpaina,
EMAIL: pavlov.o.o@op.edu.ua, prodanov.bogdan@gmail.com

DEVELOPMENT AND SOFTWARE IMPLEMENTATION OF THE
ALGORITHM FOR TRANSFERRING FACIAL EXPRESSIONS TO
A MASK IN IN REAL TIME USING ARTIFICIAL INTELLIGENCE

O. Pavlov, B. Prodanov
Odessa Polytechnic National University, Ukraine

Anomauisn. B yiti pobomi npogedena po3pobra memooy nepenecenHs MiMIKU Ha
Macky obnuuusi 8 peanvHomy uaci. s yboeo Oyau onucani ma ROSCHeHi ICHYIOUI
MOOei ma HelupoHHi Mepedici, Wo BUKOPUCIOBYIOMbCsL Ol 0OpobKu ma 2enepayii
306padicens, siKi donomazarome 8 upiwienii nocmagienoi 3aoaui. byau docnioxceni
OCHOBHI  CKNA006i Yb020 Memoody, Maki AK GUSHAYEHH KIIOYOGUX THOYOK,
anpoxcumayisi pyxie, 2eHepayiss. NPOMINCHUX KAOpie, Oemani ma Mamemamuyha
CKA006a YUX emanie.

Kniouosi cnosa: animayis 300pasiceisb, 320pmKoGi HEUPOHHI MePedici, KIIOY0gi
MouKu.

Abstract. In this work, the method of transferring facial expressions to a face
mask in real time has been developed. For this, the existing models and neural
networks used for image processing and generation, which help in solving the task,
were described and explained. The main components of this method were
investigated, such as the determination of key points, the approximation of
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movements, the generation of intermediate frames, the details and the mathematical
component of these stages.
Keywords: image animation, convolutional neural networks, key points.

s poGoTa mpucBsiueHa BUBYEHHIO, PO3POOI MOJIEN HEPEHOCY MIMIKH
Ha OONMYYs Ta BHMKOPHCTAaHHS 11 Juis poOOTH B peajbHOMY 4Yaci 0e3
3arOTOBJICHUX JIKEPEI.

AHimariis 300paxeHb € Ba)KJIMBOK CKJIAJIOBOIO 0araThox raiy3ei, TaKux
SIK KOMIT I0TepHa Trpadika, Bijieo MOHTaX, CIeliajibHi e()eKTH Ta BipTyanbHa
PEaNbHICTD.

Meroto miei poboTH € po3poOka ePEeKTHBHOTO Ta THYYKOrO METOHY,
SKWM JIO3BOJISIE TIepelaBaTH PEATiCTHYHI PyXH 3 JDKepena Ha IijboBe
300pa)KeHHsI B peaIbHOMY Yaci.

OnHiero 3 OCHOBHHX NMPOOJIeM B aHiMalii 300pa)keHb € mepeaada pyxy,
30epirardu NpH LOMY BHIJIS HIJILOBOI'O 300payKeHHS.

TpaauuiiiHi METOM MOTJIM BUKOPUCTOBYBATH MPOCTE KOMIIOBAHHS PyXY
3 JpKepesia Ha Lilb, ajne Iie MPHU3BOIAMTH 10 BTPATH alapaTHHUX JeTaled Ta
peanictuudocri [1].

Mopenb, mo Oyne po3risiaTucs NpU3HAYEHA JUIs BUPIIICHHS 1€l
npoOJieMH, JO3BOJISIIOYM TIEpelaBaTH peajiCTHYHUN pyX 3 JpKepeia Ha
LIbOBE 300paXkeHHs, 30epiralodu IpH [bOMY HOT0 BHUIIISII.

Bona 6a3yerbcs Ha po3zuieHHI iHpopMalii mpo pyx Bij iHopmarii mpo
Burisz [2].

Kpim wi€i mpoOnemu BUpIilIyeTbCs MpoOJIeMa IMOCTIHHOrO HABYAHHS
Mepexi JJIsl aHIMaIii 300pakeHHs1, TaK SIK MOJIeNIb, PO3TJISIHYTA B LIl poOOTi
HAaBYA€THCS OJIMH Pa3 Ta MOXKE BHPILIyBaTH CBOIO OCHOBHY 3a/iauy IIEPEHOCY
MiMik# Uit Oyab-skoro obmmaust [3].

BucHoBkH. OyB pO3pOOJICHUN aNTOpUTM Uil TIEPEHECEHHS MIMIKH Ha
MacKy B peajJbHOMY 4aci.

[porpama € xpoc-uiaTGOpMHOIO Ta MOXe OYTH 3aIlylieHa Ta KOPEKTHE
MIpaIoBaTH Ha OyAb-sAKil onepaliifHii cucreMi.

Mogens € THyYKHM amapatoM, 1o 3abesredye 30epekeHHsI IeTaliei Ta
KOHTEKCTY IIJIbOBOTO OPUTIHAIBHOTO 300paKeHHS IIiJ] dYac aHiMmalii B
peansHOMY Yaci.lle mo3Bosie 30epertu peasicTHIHICTh Iepeadi pyxis.
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ANTOpUTM MOXKe OyTH BUKOPHCTaHUI HE TUTBKH ISl TIepeiadi MIMIKH Ha
o0nMyYs, a ¥ Npu NEBHOMY HaBYaHHI, MOXXE BHUKOPHCTOBYBATHCS JUIS
riepeniadi pyxiB BChOT'O Tijla B peajlbHOMY Yaci.

ByB po3pobnenuii mpocTuii Ta 3po3yMinni iHTepQeic, Mo T03BOIUTH
JIETKO BHKOPUCTOBYBaTH MOr'0 IIIOASM TIIONEPEAHBOrO JOCBIAY B Taiysi
TIMOMHHOTO HABYAHHS Ta KOMIT IOTEPHOTO 30PY

Jliteparypa
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PO3PAXYHOK PU3HUKIB ITPU PO3POBII 3 BUKOPUCTAHHSIM
WEIGHTED RISK ASSESSMENT TA INFLUENCE POINTS
ANALYSIS

M. Barypa, O. IloTtienko
Hayionanenuii ynieepcumem «Odecvia nonimexmixay, Yxpaina

CALCULATION OF RISKS DURING DEVELOPMENT USING
WEIGHTED RISK ASSESSMENT AND INFLUENCE POINTS
ANALYSIS

M. Batura, Ph.D. O. Potiienko [0000-0002-0952-2281]
Odessa Polytechnic National University, Ukraine

Annomauis. Y pobomi nagedeni anzopummu po3paxyHKy pusuKie 0Jisi npoeKmia,

8 3A/1eXHCHOCTE 8i0 KLIbKOCMI 3a80anb ma ix npiopimemy.
Knruoei cnosa: pusuxu, 8azu pusuxie, OYiHKa 8axciu80Cmi, OYiHKA 6NIUBY.
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Abstract. Algorithms for calculating risks for projects are given in the work,
depending on the number of tasks and their priority.
Keywords: risks, risk weights, importance assessment, impact assessment.

Weighted Risk Assessment Ta Influence Points Analysis aaroputmu €
IHCTpYMEHTAaMU JJIsl OLIHKK PU3HKIB Y IMPpOoeKTax abo MpUHHATTI pimieHs [1].
Weighted Risk Assessment (Barosa Ouinka Pusnkis).

Leit MeTon 3aKiro4YaeThesl B MPU3HAYEHHI Baru JJIsl KOKHOTO PH3HKY Y
3B’S3KY 3 BUHHKHEHHSIM HOT0 BayKJIIMBOCTI Ta HMOBIpHOCTI [2].

Kpoku: BusHaueHHS pu3MKiB: ifeHTH(]IKAlis PH3HKIB, TNOB'SI3aHUX 3
PO3POOKOIO ITPOEKTY.

OliHKka BaXKIUBOCTI Ta BU3HAYEHHS Baru: JUisi KOXKHOTO PHU3UKY
BU3HAYAETHCS MOro BaroBe 3HAYEHHS y Bi}IHCCCHHi J0 BIUUIMBY Ha IIPOCKT.
Hanpuknan, mkama Bim 1 no 5, ne 1 - Hu3bka, 5 - AyKe BaXKIHBO.
CopTyBaHHs PU3MKIB: PU3UKH COPTYIOTHCS 32 BAarol0 Bifl OUIbII BayKIMBUX
J0 MCHIII BaXJIMBHUX.

[TnaHyBaHHs 3aXO/iB: TUIAHYBAHHS 3aXO/iB VT 3MEHIIEHHS pU3HKiB [3].
Influence Points Analysis (Ananiz BrmmuBoBux Touok).

Leit Meton nosnsirae B iieHTUdiKaLii "BIUIMBOBUX TOYOK" B CHCTEMI, 1110
Ma€ HaOUIBIINI BIUIMB HA PE3YIIbTAT.

OcHOBHa izest - 30CepeauTHCS Ha OOMEXEHIH KUIBKOCTI KIFOYOBUX
TOYOK 3aMICTh OIIIHKH BCiX pU3HKiB. Kpoku:

1. Bu3HaueHHS BIUIMBOBUX TOYOK: OOUPAEThCS OOMEXKEHa KIIbKICTh
3aBllaHb a00 acCIeKTIB IPOEKTy, sIKi MaloTh HAMOUIBIINIA BIUTUB Ha
YCHIIIHICTB.

2. O1iHKa BaXXJIMBOCTI: OIIHIOETHCSI BaXIIUBICTh KOXKHOI TOYKH BILUIUBY
Ha MPOEKT.

3. Ominka pu3WKiB: TSI KOXHOI TOYKH BIDIMBY BHU3HAYAETHCS
WMOBIpHICTh BHHUKHEHHS PU3HKY 1 HOTO BarOBUI KOSQIIIi€HT.

4. IInmanyBaHHS 3aXO/iB: IJIAHYBaHHS 3aXO/IB U 3MEHIIICHHS PH3HKIB.

OO6uaBa MeTOIM MAIOTh CBOI IIEPEBArd i HEAOIIKH.

Bubip MiX HHMH 3aleXHTh Bil KOHKPETHHX TIOTPeO TPOEKTY,
JOCTYITHUX PECYPCIB Ta KOHTEKCTY.

Jliteparypa
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KOHIEIIIS BUSABJIEHHS CXUJIbHOCTER YUHIB HA
OCHOBI AHAJII3Y iX IOBEJAIHKOBUX ITATEPHIB

H. Tpeein[0000-2312-66908112] Iy [[[p1ap2l0000-0242:2669-1923]
. , A ,
I. Lupy.1bHikopa20000-1789-0933-1156]
Hayionanvnuii ynisepcumem «Odecvka nonimexuixay, Yxpaina,
2 Ooecwiuit konedac «Cepeepy, Yipaina
EMAIL: nestorrules@gmail.com, denscreamer@gmail.com,

galynapremeate@gmail.com

CONCEPT OF DETECTING STUDENTS' TENDENCIES BASED ON
THE ANALYSIS OF THEIR BEHAVIORAL PATTERNS

N. Predein, D. Shibaev, G. Tsirulnikova
10dessa Polytechnic National University, Ukraine
20desa College "Server", Ukraine

Annomauia. Y pobomi onucano nponoHo8aHy KOHYENyilo  GUAGIEHHS
CXWIbHOCMET Y4UHI8 Ha OCHO8I aHAi3Y IX NOGEOIHKOBUX NAMEPHIE.
Knruoei cnosa: ananis namepuis, 8us61eHHs 3HAHb.

Abstract. The paper describes the proposed concept of identifying students'
tendencies based on the analysis of their behavioral patterns.
Keywords: analysis of patterns, discovery of knowledge.

HuHi y cBiTi MOBCIOJHO CIIOCTEPIra€Thesi aKTHBHA iH(GOpPMATH3ALiA 5K
BUpOOHMYMX, i HaBuanphux mporeciB [1]. Ile 3ymoBieHO HEOOXimHICTIO
3a0e3IeueHHs BiATAICHOTO PeXuMy poOoTH (HaxXiBIB Ta yUHIB, a TAKOXK
MOCTIHHAM  PO3BUTKOM Ta BJOCKOHAJECHHSM pPHHKY iH(OpMAaIiitHuX
texnonori# (IT) Ta cucrem, dinpHE Micle B IKOMY 3aiiMarOTh BEO-I0AaTKH.

3 Meror 3a0e3redeHHs] MaKCHMAaJIbHOTO CTYIICHS THYYKOCTI y BHOOpI
HEOOXITHOrO KOpHCTyBadaM (YHKIIIOHANY 3'sBWIacs Ta OTpHMaia
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AKTUBHUA PO3BUTOK MOJEIb BHUKODHUCTaHHS METONIB Ta 3aco0iB
iHTenekTyanpHoro anamizy pganux (IAJl) s ominku 3xai0HOCTEW Ta
CXUJIBHOCTEH y4YHIB O MarepialdiB Ta TeMaTHK HaB4aHHA [2].
[poroHOBaHMi KOHIIENIT IPYHTYETHCS HA METOMMIII 3aCTOCYBaHHS MOJeneit
MammHoro HaB4aHHs (MH) aus oninku tuny iHdopmauiiiHoro MmerabonizmMy
(TIMy), sikuii HaBYa€THCS NUISIXOM MPOBEIEHHS MPOIIECiB 300py Ta aHaTi3y
TEKCTOBHX IIOCTIB KOPUCTYBauiB COIIaJbHOI Mepexi 3 TOAANBIINM
BH3HAYCHHAM iX cormioHiuHoro tumy. CorioHiyand miaxin [3] momsrae y
BH3HAYCHHI THIIOJIOTIT OCOOMCTOCTI B IIUIICHIM CHCTEMi, IO OIUCYE
IHJMBIIyaJdbHI SKOCTI Ta OCOOJHBOCTI JIIOJWMHH, 3 SKUX CKJIAIArOThCA 16
TumiB  ocobucrocti. KitowoBMMHM eranmamMu TPONOHOBAHOI'O MiAXOMy 3
(hopMyBaHHS KOHIIETILIIT €:

1. Oninka TIMy y4Hs 3a Oro TEKCTOBHUMH ITOCTaMHU.

2. OuiHka CXWJIBHOCTI y4Hs 110 Karteropii MaiiOyTHboi mnpodeciitHoi
IISUTBHOCTI.

[lepimii eran BKIIIOYAE HACTYITHI 3aBJaHHS:

1. 36ip Ta hopMyBaHHS CTPYKTYPH JJAaHUX KOPUCTYBAJILHHUIILKUX TIOCTIB.

2. Iepenobpobxa chopMoBaHOro HAOOPyY JAHHX.

3. Hopmauizanist ganux nojaui Ha Bxig mozensm MO.

4. Oninka ToyHoCTI Kiacudikarii.

Ha ocHOBI 011y0I1ikOBaHMX TEKCTOBHX IIOCTIB Y4HIB HMPOBOIUTHCS TXHii
MapCHHT 1 nepenodpodka 3 MeTor (GopMyBaHHS CTPYKTYpOBaHOTO Habopy
naHuxX. [licms 1pOro NpPOBOOWTHCS OYMINEHHS MAAHHWX, BUIANCHHA Ta
¢binpTpalisi He 3HAYYIIMX CUMBOIIIB Ta 1HIII JOMOMIXHI onepawiiiai aii s
CTBOpPEHHSI OYUIIEHOI'0 MAaCHBY JIaHMX TIOCTIB Ta MiToK. Ha 6a3i oTpuManux
pe3yNbTaTiB BHKOHYEThCS HOpPMANi3allis JaHUX LUISIXOM MPOBEICHHS
MPOLIEAYp BEKTOPH3allii, OIHKU BAXJIMBOCTI CIIIB Y KOHTEKCTI TEKCTOBHX
MOCTiB, HOPMAaTi30BaHI [aHi MOHAIOTBECA Ha BXim mo wmoxpeneit MO 3
MTOJANIBIIIAM TPOBEIEHHAM OLIHKH X TOYHOCTI

BucaoBku. [IponoHoBaHWMII WiaXin € AOMUTBHEM UISL (OPMYBaHHS
mporeciB 00poOKH Ta aHaJi3y JaHUX 3 BHABICHHS CXMIBHOCTEH MaiOyTHIX
¢axiBmiB B obmacti mpodeciitHol MIHCHOCTI 3TiAHO 0 iX (QyHKIOHATBFHUX
MOXJIMBOCTEH Ta TUITY iH(pOpMaIiitHOro Metabomizmy.

Jliteparypa
[1] Bikrumupis M.P. TenneHMil pO3BUTKY TEXHOJIOTiH 0OPOOKH BETMKHX TaHHX Ta
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ABTOMATUYHE BUBHAYEHHSA OB’€EKTIB HA 30BPA’KEHHAX
BUKOPUCTOBYIOUU HEMPOHHI MEPEXI

K. Yeban, Ph.D. C. Kocenxko, Ph.D. M. PynHiueHko
Hayionanvnuii ynisepcumem «Ooecvka nonimexuixay, Yxpaina
EMAIL:10514903@stud.op.edu.ua

AUTOMATIC DETECTION OF OBJECTS IN IMAGES USING
NEURAL NETWORKS

K. Cheban, Ph.D. S. Kosenko, Ph.D. M. Rudnichenko
Odessa Polytechnic National University, Ukraine

Aunomauia. Y pobomi nasedeno aneopumm ananisy 300padxicens ma UHAYEeHHs
negHUX 00 €KMI8 HA HbOMY BUKOPUCIOBYIOUU HEUPOHHY MEPEXHC).

Kniouoei cnoea: ananiz 300padicensb, mamemamuuni aneopummi, HOULYK
06 exmis, neuponna mepesica, 3SHM, LLIHM

Abstract. Algorithm for analyzing images and identifying certain objects on them
using a neural network.

Keywords: image analysis, mathematical algorithms, object search, neural
network, CNN, ANN

AmHaimi3 300pa)XeHp 3a JIOIIOMOTOI0 HEHPOHHHX MEpPEeK € OIHI€I0 3
HaWIONIMPEHININX Ta MOTY)KHHX 3aCTOCOBYBAHHMX O0JacTeil MaIIMHHOTO
HaBYaHHSL.

[lepeBara mporo maxony MOISATaE B TOMY, III0 HEHPOHHI MepeXi BMIIOTH
AaBTOMAaTUYHO BHSBJIATH BJIACTUBOCTI Ta O3HAKM Ha 300paXKEHHSX, IO iX
poOuTH eeKTUBHUMHU Y pO3Mi3HaBaHHI 00'€KTiB, Kiacupikarii 300paxeHs,
CerMeHTallii, TeHeparii KOHTeHTy Ta 0araTbox iHmuX 3aBaass[1].

Po3pobxka Takoi mMepexi moTpedye MesKUX 3HAHb MATEeMAaTHKH, TaK SK
BOHA € B&XJIMBUM acleKTOM MAIIMHHOTO HaBYaHHsA. Po3ymilodn OCHOBHI
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MaTeMaTHUYHI KOHIICIIii, IO JIeKaTh B OCHOBI pOOOTH HEHPOHHUX MEPEK, a
TaKOXX B3a€EMOJIii Mepex 3i 300paKCHHAMHM MO)XKHA TOYMHATH BHSBICHHSI
0COOJIUBOCTEN PO3POOKH.

Hwmxue HaBenmeHo nesiki crienudivHi 0cOOIMBOCTI aHAIi3y 300pakeHb 3a
JIOTIOMOT'0I0 HEHPOHHUX MeEpek, sIKi OyIo BUSIBICHO B PE3yJIbTATi aHAII3y
i€l ooJacTi:

- 3ropTodHi HIapy Ul BHSBIICHHS O3HAK: 3rOPTOYHI HEHPOHHI Mepexi
(CNN) € OCHOBHOIO apXiTEKTypor i OOpoOKM 300pakeHb. BoHuU
BHUKOPHCTOBYIOTh CIEIiaNbHi IMIAPH, SKi MPOIMYCKAIOTh 300paXKeHHs uepes
¢binbTpy (s1pa), Mo JONOMAararoTh BUSBUTH Pi3HI T€OMETPUYHI O3HAKH, TaKi
sIK pedpa, KyTH, TEKCTYpH TOIILO.

- lepapxiunicTb BusiBieHHs1 03HaK: Y CNN KOKeH HACTYITHUU 1ap MOXe
aHaJi3yBaTu OinbII aOCTPaKTHI Ta CKJIQJHI O3HAKU Ha MIJCTaBi BUSBICHUX
nonepeHiMu mapamu[2].

Hanpuknaa, nepur mapd MOXYTh BUSIBISTH Kpai Ta KOJBOPH, a
HacTymHi - popmu 00'€KTIB.

- AyrmenTauis ganux: J{Jst migBUIIEHHS POOOTOCIIPOMOXKHOCTI MOJEN]
MOKHa 3aCTOCOBYBATH ayTMEHTAII0 JaHHX.

Ile o3Hauae 3acTOCYBaHHA HEBENUKHUX 3MiH 10 300pakeHb y MpOIeci
HaBYaHHS, TAaKMX SK 3CYBHM, OOEpTaHHs, 3MiHA KOHTpacTHOCTI Tomo. lle
JIOIIOMAarae MoJielli BYNTHCS PO3ITI3HABATH 00'€EKTH B PI3HUX yMOBaxX.

- ITlepenoc BuBueHHMX o3Hak: Moeni, HaBUeHI Ha BEJIMKUX Habopax
naHux (Hanpukial, ImageNet), MOXyTb BUSABIATH 3arajbHi O3HaKH, SKi
KOpHCHI [utst iHmmX 3a7a4[3]. TakuM 9MHOM, BUBYCHI O3HAKH MOXYTh OyTH
MIepeHeceH] Ha HOBI 3a/1a4i, HaBITh SKIIO JOCTYITHI OOMEXeHi JaHi.

- Cemantnuna cermenrauis: Jleski Mepexi MOXYTh BHKOHYBAaTH
CEeMaHTH4YHY CEerMEHTAallillo, Jie KOXKEH TMiKCeJdb Ha 300pa)keHHi
MIPU3HAYAETHCS TIEBHOMY KJIACy 00'€KTY.

Le xopucHO mns aHamizy 300pakeHb 3 TOYHIIIOK JIOKAJi3aIi€lo
00'eKTiB.

Ha ©6a3i maBemenoi Bume iudopmarii Oyao cdopmoBaHO Oa30BHIA
apXITEeKTYpy CHUCTEMH IJISl PO3Mi3HAHHS MEBHUX 00 €KTIB Ha 300pakeHHi.
PosrnsmaeTncs caMe BHABIICHHS TEKCTY Ha 300pa)KeHHI TakK SIK 1€ POOWUTH
npomykT iIMmg2txt st npukitaxy. CucTeMa He € CKIaIHOIO Ta THYYKOIO, X09a
amroput™ (puc. 1) Moke MIATH i Mg Taki pillleHHs], B 3aJEXHOCTI Bij
moTped Ta 3amuTiB.

BucnoBkn. HaBenmena cuctema Moxe OyTH 3acTocoBaHa st
aBTOMAaTH3alii BU3HAUCHHS TIIEBHUX O0’€KTIB Ha 300pakKeHHSIX LIS
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MOAAJBIIOro iX aHajily Ta BHMKOPHCTaHHS y PI3HOTO pOAY JIOJaTKax.
Hampukan, BUKOpUCTaHHS JaHOI CHUCTEMH MOXKE 3HAYHO pPO3MIMPUTH
(yHKIIOHAJT MO/IaTKIB 3 BelleHHs (piHaHCOBOI icTOpii KopHrcTyBaya, 10AaBIIN
MOXIIUBICTh CKaHyBaHHs ()I3WYHUX YeEKiB, aJDKe piako OaHku abo iHmI
CTPYKTYPH AAIOTh JOCTYII 10 iCTOpii TpaH3aKLii KOpUCTyBaviB

Kopucrysau
Oporpass

!

I Brox oy JamEX J

l

Baox 3Gepiramas mdopaamiil

- bBasa maswansHHX
so0paxeHs

- bBa3sa sofpaxess 11s
posmsHABaHHEA

A

BIIOK po3mi3HABaHHA
Baox 3III1 Sxox [IIFHM
Baxox =
omepezmmol B:u:x n_onwemo:
oSpoSEm zasorx 0OpoOdT Zasmrx
v v
Bxox oSeECIeNss
VMOSHIS Baox noSyxosx
IMOBIPHOCTES ITEN
oEax
v v
Bmox B0 poImizNasasEs
POIMIZHASAEES

BaoK BHBeIeHHST PesYALTATY
pOsSmIsHaBaHHz=

Pucynok 1. Apximexmypa cucmemu noutyky nesHux oo 'ekmie na
306padicenni. LLTHM — wmyuna Hetipouna mepedica
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ORGANIZATION OF THE VOICE INTERFACE IN THE
INFORMATION SYSTEMS

S. Tishchenko, Ph.D. M. Rudnichenko
Odessa Polytechnic National University, Ukraine

Annomauia. Y pobomi nagedeno 6a3z08i npunHyunu opeamizayii 201006020
inmepeiicy y ingopmayiiuniti cucmemi, ONUCAHO anN2OpUMM NOOYO08U MAKO20
inmepceiicy ma 0esiki Ko4o8i 0coOnUsoCcmi npoyecy.

Kniouosi cnosa: zonocosuii inmepgpetic, anzopumm nodyoosu.

Abstract. The paper presents the basic principles of organizing a voice interface
in an information system, describes the algorithm for building such interface and
describes some key features of the process.

Keywords: voice interface, building algorithm.

[Ipobnema momaBaHHS TOIIOCOBOTO iHTEpdeicy [UIs  YIpaBITiHHSI

MporpaMaMy BHMAara€ KOMIUIEKCHOTO TIIXOAYy Ta TIMOOKOro pO3YMiHHS
MIPUHIIIB TOOYJ0BA Ta POOOTH IITYYHOTO IHTENEKTY B3araji Ta TaKUX
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HOro eNeMEHTIB, K MOJETi JUIs MEePEeTBOPECHHS TOJOCY JIIOJUHU Y TEKCT
BJIACHE.

Takok It TOYHOCTI pOOOTHM CKIQAHUX CHCTEM 3 MOAIOHMM
iHTepdeiicoM HeoOXiHO BUKOPHCTATH JOJATKOBI MOJAENI Ta METOIM ISt
CMIBCTABJICHHSI JIiH, 0 BUMAarae peani3yBaTd KOPUCTYBad 3 (DYHKIIiOHAJIOM
MpOrpamMu.

AnroputMm pobotn Al momeni aist po3mi3HaBaHHs Ta TpaHchopmarii
JFOJICBKOI  MOBH y TEKCT € CKJIaJHHM 0araTOpiBHEBHUM MPOIECOM, SIKHUif
MOYKHA YMOBHO OITHCATH TPhOMa KPOKAMH.

Criepiiry BUKOHYEThCS ayioo0poOka. Ha nmpoMy eTami aymio3amnic MOBH
00pOOIISETBCST 32 JOMOMOrol0 Habopy IHCTPYMEHTIB, SIK-TO 3arilylICHHS
HIYMY Ta YCYHEHHS BiUTYHHSI.

TakuM YMHOM IMOKPALIYETHCS SIKICTh ayAi03arucy, 110 MiJBHUIIYE PiBEHb
3pO3YMIJIOCTI TEKCTY LISl MOJIEII.

HacTynmHUM KpOKOM BUKOHYETHCS PO3ITI3HABAHHS MOBH.

Ha wpomy erami Mozenb BHKOPHCTOBYE 3ajlaHi alTOPUTMHU IS
BUJUICHHS 3 TIIONEpPE/HbO HAJAHOrO ayjaio3amucy okpemux ciiB. Ha
OCTaHHBOMY €TaIli IPOBOJUTHLCS CHHTE3 TEKCTY.

TakuMm 4YMHOM, Ha OCHOBI 3HAaHb IPO JIEKCUKY Ta TpaMaTUKy MOZENb
CHHTE3y TeKCTy (OpMye 3 BH3HAYEHHMX CIIiB TIOBHOI[IHHE 3MiCTOBHE
moBigomienns [1].

Taxki Mojesi po3mi3HaBaHHS TEKCTY € MIBUAKHUMH, TOYHUMHU Ta JIETKUMH
y BUKOPUCTAHHI JUIsl ITUPOKOTO KOJIA CIIOKUBAYIB.

i Mozeni MOXXyTh OyTH 3aIisiHI Y CHCTeMaX pO3Ii3HaBaHHS TOJ0CY, JUIs
nepeKsiafly Ta CTBOPEHHS CYOTHTpIB, y TOJIOCOBHX IIOMIYHHKAX TOLIO.
ANTopuT™ po3poOKH (YHKIIOHATY TOJI0COBOTO iHTepdeicy MOKHA YMOBHO
PO3IUINTH HA I’SATh €TAIliB.

Ha nepuiomy erami CkiagaeTbcsi MOBHUH CIUCOK (PYHKILH, 1m0 OynyTh
BHKOHYBAaTHCh, Ta BH3HAYA€ThCA OfHA a00 JEKiIbKa KOMAaHI, SKUM Oyxe
BIJIMOBIIaTH 3a/1aHKUN (PYHKIIIOHAIL.

Ha npmpyromy erami mWiIKIIOY9aeThCS BHUINE  OIMCAHA  MOJICTH
po3mi3HaBaHHA MOBH. Jledki Jpkepena pPeKOMEHAYIOTh BHKOPHCTOBYBATH
BXKe icHyroui 6ibOmorekn, Taki sk Google Al Speech-to-Text, Amazon
Transcribe, iFlytek Speech API, Sensory Cloud Speech-to-Text, VVoiceBase
Speech-to-Text Torro.

Takox y 1IbOMy BUTAIKYy HEOOXiITHO MPHUIUIATH YBary OCOOIHBOCTSIM
6i0mioTek, o006 BOHM Majll JTOCTAaTHIH PiBEeHb TOYHOCTI y POOOTI 3 THMH
MOBaMH, SIKi IIIKaBJISATH PO3poOHHKa [2].
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Tak, Hampukian, aHriiiicbka MOBa 3aBKAM Ma€ BUCOKI ITOKa3HHKH,
OCKIIBKM € OJHI€F0 3 MOB  MDKHAapOJHOTO  CIIUJIKYBaHHSA  Ta
HAWBUKOPHCTOBYBAHIIIOK cepell pO3POOHUKIB.

A OT CJIOB’SHCBKi MOBH, SK-TO YKPaiHChKa YH MOJILChKA, MOXXYTh MaTH
3HA4YHi TPOTAJIMHH, OCOOJMBO Y TpaMaTHYHOMY Ta IyHKTyaliiHOMY
nutaHHsx. Hampuknan, monesb Big Google He KOpeKTHO BH3HAYa€ HaBITh
KiHEI[b OJTHOTO PEUCHHS 1 MEPeXiJ A0 1HIIOro IS YKpaiHChKOi MOBH Ta HE
Ma€ Taxol MpoOIeMH MPY TECTYBaHHI aHTITIHCHKOI.

Tperiii eTan BUMarae T0JaBaHHs aITOPUTMIB MAIIMHHOTO HABYAHHS IS
criBcTaBiieHHs (YHKIIOHANy 3 KOMaHIaMu KopucTyBada. Ha mpomy erari
BHKOPHCTOBYIOTBCS MOJICTi Kitacudikallii Ta HeiipoMepexi.

Hanpuxnaz, HaiBHUI OaleciBChbkui KiaacudikaTop NpocTuil y peanizamil
Ta e(eKTHBHUIA, ajie YYTJIMBUH 1O IIyMy; METOJ OINOPHHX BEKTOPIB
epekTUBHUN Uil pPO3MOMAUICHHs, ale YyTIMBHA A0  BHOOpY
rinepnapamerpiB; HeHpoMepexi Tokaszanu cede SIKICHUMH Ipu poOoTi 3
MOBOIO, aJie MOXKYTh OYTH PECYPCHO 3aTSDKKAMHE ISl IGSKUX PUCTPOiB [3].

UerBepTuii Ta I’ ITUI €TAIN CKIAAI0THCS 3 peallizallii BUKOHAHHS il 3a
KOMaHJIOI0 Ta TECTYBaHHS 1 MOKPALIEHHSA OTPUMAHOT0 KOy BiIIOBiJHO.

Jns  oTpuMaHHS Kpalloro pe3yiabTaTy pPEKOMEHIOBAaHO 3pOOHTH
KOMaHIM MAaKCHUMaJbHO JIAKOHIYHMMH, YHHKaTH [JIaIeKTU3MIB Ta
XKApProHi3MiB, NPOBOAWUTU HAaBYaHHSA Ta TECTyBaHHA 3 BHKOPHUCTAHHIM
PI3HUX TOJIOCIB Ta AKICHTIB.

BucnoBku. Ilpomec  opranizamii  romocoBoro  iHrepdeiicy y
iHpoOpMaIliiHIF cUCTeMi € CKIaJHOI Ta 0araTomapoBO POOOTO, MIO
noTpedye BpaxyBaHHsI 3HAYHOI KIIBKOCTI JieTaeil.

B nmepury depry BUMaraethcs 4YiTKa ITOCTAaHOBKA 3ajadyl Ta miglip
ONTHMAaJIbHUX I1HCTPYMEHTIB IJIsi BUKOHAHHS 3aBHaHHA. Cxema, OIHCaHa
Bullle, € (QyHIAMEHTOM JUIs MOOYJOBH TaKOro iHTepdeicy y Oymb-sKkiit
iH(pOpMaIIiliHIHi crcTeMi.
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PO3PAXYHOK HAIIPYKEHO-JE®OPMOBAHOI'O CTAHY
MATEPIAJIIB HA OCHOBI EJIACTOMEPIB 3A JIAT'PAMOIO
MOMEHTIB CKIHYEHUX EJIEMEHTIB

B. JlaBpux
Beposincwruil oepoicagnuii nedazoeiunuil ynisepcumem, Yxpaina

Abstract. Currently, elastomer-based and composite materials are widely used in
mechanical engineering and construction. Numerical modelling of their stress-strain
state is associated with certain computational problems, e.g., the "false shear effect",
which occurs due to false shear deformations. Due to the complexity of elastomer
mechanics problems, it becomes necessary to choose the optimal calculation scheme
based on specific methods of computational mathematics. Unfortunately, in the
present stage of the research, it is not always possible to speak about the optimality
of the computation scheme, which forces researchers to build different calculation
algorithms and compare their advantages and disadvantages. The purpose of this
article is to show a mathematical model that solves the problems listed above.
During the development, a modification of the finite element method, the so-called
finite element moment scheme, was applied for weakly compressible materials. The
developed models and algorithms were implemented as a software module, and their
effectiveness was proved in the case study with the VR-201 vibration isolator.

Keywords. Stress-strain state, moment diagram of finite elements, finite element
method.

Abstract. Currently, elastomer-based and composite materials are widely used in
mechanical engineering and construction. Numerical modelling of their stress-strain
state is associated with certain computational problems, e.g., the "false shear effect",
which occurs due to false shear deformations. Due to the complexity of elastomer
mechanics problems, it becomes necessary to choose the optimal calculation scheme
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based on specific methods of computational mathematics. Unfortunately, in the
present stage of the research, it is not always possible to speak about the optimality
of the computation scheme, which forces researchers to build different calculation
algorithms and compare their advantages and disadvantages. The purpose of this
article is to show a mathematical model that solves the problems listed above.
During the development, a modification of the finite element method, the so-called
finite element moment scheme, was applied for weakly compressible materials. The
developed models and algorithms were implemented as a software module, and their
effectiveness was proved in the case study with the VR-201 vibration isolator.

Keywords. Stress-strain state, moment diagram of finite elements, finite element
method.

Rubber and rubber-like materials, called elastomers, are widely used in
various industries and engineering. In connection with their widespread use
in the economy, there is a need for the design of structures based on their
basis. Numerous examples of the use of thin-layer rubber-metal elements in
technology are presented in the article [1], as well as in [2,3]. Mostly, a
structure of a modern material consists of various components. At the same
time, elastomeric parts are subject to significant loads. Therefore, there is a
need to study their stiffness, strength, and heat generation at different types
of deformation.

The implementation of common numerical methods to take into account
the above features of elastomers requires improvements to existing
calculation schemes and the development of new effective numerical
methods and algorithms. In the mechanics of elastomers, there are certain
classes of problems in which significant complexities arise in the vicinity of
the value of Poisson's ratio, which leads to the degeneracy of the matrix of
the system of equations [4,5].

This work is devoted to the derivation of ratios for the calculation of the
stiffness matrix of the tetrahedral FE using the Lagrange variation principle
in the neighbourhood of Poisson's ratio, which goes up to 0.5. The accuracy
and expediency of this model were verified in the example of the study of
the VR-201 deflection of the rubber vibration isolator.
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