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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

UDC 621.396.4 (045)

SYNTHESIS PROCEDURE FOR DIGITAL CONTROLLERS OF
PRECISION ELECTRIC DRIVES FOR SYSTEM
OF ORIENTATION AND STABILIZATION OF TARGET
TRACKING OF MOBILE ROBOT’S SENSORS

Dr.Sci O. Tachinina![0000-0001-7081-0576] Dy S¢j Q. Lysenko?l0000-0002-7276-9279]
Ph.D. F. Kirchu[0000-0001-84374402] pp ) O, Guida 4[0000-0002-2019-2615]
Ph.D. V. Novikoy3[0000-0003-4199-9968] | Gyghyn 6[0000-0003-4866-4351]

! National Aviation University, Kyiv, Ukraine,

236 National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic
Institute», Kyiv, Ukraine,

‘Roesys MedTec GmbH, Espelkam, Germany,

V. I Vernadsky Taurida National University, Kyiv, Ukraine
EMAIL: (corresp.) tachinina5@gmail.com, *lysenko.a.i.1952@gmail.com,
fkirchu@gmail.com, *guydasg@ukr.net, novikovl 967 @ukr.net,
Srubin268@ukr.net

METOAUKA CUHTE3Y IN®POBUX KOHTPOJIEPIB TOUHUX
EJIEKTPOITPUBO/IIB JJIsI CACTEMM OPIEHTAILI TA
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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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Anomauyia. Cmamms npucesiuena memooonozii cunmesy yupposux pezyiamopiea
Y NpeyusitiHux eieKmponpusooax cucmemu opiewmayii ma cmabinizayii yinel
Cynposooy 0amuuxie opieHmayii MoOLIbHUX poOOMIE.

Knwuosi cnoea: yugppose asmomamuune KepysamHs, MOOINbHI pobomu,
eLeKMPONPUB0O.

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,
1.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 0ocniosxcenv 0)10, 3 00CUMb BUCOKOI MOYHICMIO,
BU3HAYUEHO HeBi0OMI napamempu mMexXHiuHo20 3axucmy iHgopmayii, maxi sK:
Koe@iyicnm eghekmugHocmi 3axucmy

Knrouosi cnosa: mexwnivnuil 3axucm inghopmayii, peanvHuil 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 orpumartu Bupa3ud i BU3HAYCHHS MapaMeTpiB TEXHIYHOTO
3axucty iHpopmanii (T3]) 3 peanpHOro mporecy 3namy, HEOOXITHO MaTH
MOBEPXHI JUIsl peaJbHOr0 HampsMy 37amy (iHig 1), skl mpencTaBieHl Ha
puc.l. Ili moBepxHi T™MOOYMOBaHI y BIAMOBIAHICTE JIO TIapaMETpIB
npoekToBanoi T3I Ta 3a hopmynamu podotu [1,2].

MaremaTidHa Monenab WMOBIpHOCTI (izuuHoro mporecy 3inamy T3I mae
BHTJIST

ngﬂ (m,t,n) = ngﬂ (m,t)- Pm (t): P(n). (1)

ne P (m,t) - imoBipHicTb 3iamy T3I, sika 3a5€KUTh Bijl IPOSKTOBAHUX
631

crpo0 Ta iX Yacy 37amy 1 HampsiMy peabHOro MPOIIECy 3JIaMy; BKIIAJICHOTO
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Y 3aXHCT (PIHAHCYBaHHA Ta MOro €PEeKTUBHOCTI; P (t)- UMOBIPHICTb, WO
m

BIIMOBITAa€ peabHOMY TMPOIECY 37aMy 1 OIHUCYETHCS PO3MOALIOM
[Tyaccona; P(n)- IMOBIpHICTb, 1110 OB'3aHA 31 BrayBaHHAM, HalIPUKIAJ,

1IM(POBOTO KOTY.
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Pucynok 1. Ilogepxui po3nodinig: cipa — tMOBIpHICMb NPOYECY 31aMYEAHHS
131, wo 8iobysacmvcs,; c8imaa — UMOBIPHICHb PEalbHO20 3/1AMY 3AXUCTIY

[Tpu 3mami T3I peanbHO KOHTPOJIHOBAHUMU TTapaMeTpaMu MOXKYTh OyTH
cnpoba, mpu SIKiM cTaBcs 371aM, 1 4yac 1iei crpobu 31amy. Bakaemo, 110
3J1aM MPOXOJUTh 1O JIiHII MEPETUHY CIpoi Ta CBITJIOl MOBEPXOHB (puc. 1), npu
PIBHOCTI TEOPETHYHO MOXKJIMBOTO (CBITJA TOBEPXHSA) 1 peaapbHOro (cipa
MOBEPXHS) MPOIIECIB 3JIaMy.

3 anamiza Bupasy (1) BuaHO, IO AJIS BU3HAYCHHS BCIX MapameTpiB Y
Bupasi (1) HeoOXiIHO MaTH, SIK MIHIMYM CHCTEMY PIBHSIHB 3 4-X TOUOK, ajie
yepe3 TOB'sI3aHICTh BHUpasiB Juisl BkJIageHoro B T3l ¢inaHcyBaHHS Ta 1i
e(peKTUBHOCTI TOCTaTHbO BUOpaTu 3 Touku. Bubupaemo 3 Touku mo niHii,
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OTPUMAEMO CHCTEMY 3 3-X PIBHAHb. BHU3HAyaeMO MOXIIMBICTH pPEaIHLHOrO
MPOLECY 3JIaMy IS KOXKHOI TOYKHU 32 (OpMYJIOH0

P (mit,n)=1/m. 2)
8371

1ie m — crpoda, KoM cTaBcs peanbHuit 3mam T3I.

BukopucroByroun Bupazu podotu [1] A cucteMu piBHAHb, OTPUMAEMO
dbopmynu, 3a IOMOMOrOK0  SKUX MOXHA BH3HAUUTH  MapaMeTpH
BukopucToByBaHoi T3I s mopiBHsSHHS 3 poekTtoBanoro T31. Ha miacrasi
MOPIBHSIHHS TIAPaMETPIB MOXKHA 3POOMTH BHUCHOBOK TPO €(EKTUBHICTH Ta
HEOOX1THICTh 3aCTOCYBaHHS Ti€i uM iHmIo1 T3I.

B pesyapTari mocmimkeHs Oyia0, 3 JOCHTh BHCOKOK TOYHICTIO,
BU3HAUYeHO HeBijoMi mapamerpu T3I, Taki sk: xoedilieHT ePeKTUBHOCTI
3axucty y — 0,054%; WMOBIpHICTh 3J1aMy BiJ BKJIAJEHOTO Yy 3aXHCT
¢inancyBanns P(X) — 0,014%; copoba MakCMMajdbHOTO 3HAYEHHS
HMOBIPHOCTI 3JIaMy Yy HamnpsAMKy mnpouecy 3namy, m . — 0,043%; uac
MaKCHUMAaJbHOTO 3HAYCHHSI HMOBIPHOCTI 3/1aMy Y HaIlpsIMKY MPOILIECY 3JIaMy,
t .—0,049%:; naBenene BkiageHe y 3axucT ¢inancyBanas X — 0,06%.

Hescaum 3anuiaerbess MUTaHHS, YOMY WMOBIPHICTH ITM(GPOBOTO KOAY,
sgKa JOpiBHIOBaJa OAWHUIN (TOOTO KOOy HEe Oyio) Jana JOCUTh BEIUKHI
B1JICOTOK TTOMUJIKM UMOBIPHOCTI 371amy nopsiaky P(n) - 9,12%.

3 1HIIOro OOKY, I TOYHICTh ONMKYE A0 OAMHMII, HIXK JI0 MMOBIPHOCTI
0,5 (44,98%), mpu BragyBaHHI HaWOpPOCTIIIOrO LUGPOBOrO KOIYy, LIO
CKJIAJIA€ThCS 3 JABOX OJHO3HAYHUX IH(p. MOXKIHNBO, BIACOTOK MOMUIKH
Oyne MEHIIMM NpH BHKOPHMCTAaHHI WMOBIPHOCTI KOAy Habarato MEHIIOl
OVHMUIII.
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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

Anomauyia. B pobomi nponoHyemvcs apximekmypa aceHmHO-OPiEHMOBHOT
HABYAIbHOI N1am@opmu, GKa Moxce CNpusimu RIOBUWEHHIO IKOCI 0C8IMU 3a60KU
ABMOMAamMu308aHill AHATIMUYL MA AHAI3Y NOBEOTHKU CMYOeHMIE.

Knrouosi cnosa: mynomuazenmuu cucmemu, 8ipmyaibHu cepedosuiyd

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 po3MOBCIOKEHHST PO3NOJAIEHUX o0uuciaeHb Ta [HTepHeT
peueit (lot) mpusBeno 1o nomwupeHHs myiabtuareHTHUX cucreM (MAC) y
pi3HUX cdepax MisILHOCTI, BKJIIOYAIOUM OCBITY. [l0 OCHOBHHUX [IOCATHEHb
MYJIBTHAreHTHUX cucTeM [1,2,3] B OCBITI MOYKHA BIJTHECTH TaKe:

- ajanTamis A0 TOTped KOXKHOTO Y4YHS, HaJaloud 1HAUBIAyaJbHY
miaTpumMKy Ta pekomenaaiii. MAC MoXyTh BpaxOByBaTH CTHJIb HaBYaHHS,
piBEHb 3HaHb, IHTEPECHU Ta OCOOJMUBOCTI KOKHOTO Y4YHS, 100 CTBOPUTHU
ONITUMAJIbHI YMOBH JIJIsl HABYaHHS;

- CTBOPEHHS BIPTYaJbHUX CEpPEOBHUII, B SKUX YYHI MOXYTh
criyikyBaTucs Ta criBnpaioBatd. MAC MOXyTb po3poOIIsSITH 3aBIaHHS, SIKi
CTUMYJIIOIOTh KOJIEKTUBHY POOOTY, pPO3BHBAIOTh KOMYHIKATUBHI HABUYKH Ta
CIPHSIOTH B3a€EMOJIONIOMO31 MIDK YUHSIMHU;

- JIOTIOMOTa B CTBOPEHHI BIPTyaJbHUX Ja0OpaTOpiil Ta CepeloBHUII s
MOJCIIOBaHHS  CckiamHux  mporeciB. MAC  [03BOJISIIOTE  yUHSIM
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EKCIIEPUMEHTYBATH, CIIOCTEpIraTd Ta aHali3yBaTH Pi3HI ClEHapii, 0
COpUs€ KpalioMy PO3YMIHHIO Marepialy Ta pPO3BUTKY NPAKTHYHUX
HAaBUYOK;

- aBTOMATH3aIlis MPOIECY OIIHIOBAHHS 3HaHb YYHIB, BUKOPHUCTOBYIOUH
METOAM IMTY4IHOro 1HTeaekTy. MAC MOXYyTh aHaTI3yBaTH BIJAIMOBII YYHIB,
BH3HAYATH iX PIBEHb 3HAHb, 1MCHTU(IKYBATH MPOTAJIMHU Ta IMPOIOHYBATH
1HIUBITyaIbHI PEKOMEH AL AJIs MOMIIIIICHHS Pe3y/IbTaTiB HABYaHHS

- JIorioMora BYMTENsIM y OaraThox acmekrax ix podoru. MAC mMoxyTb
3a0e3meuyBaTd MEAAroriuHy MIATPUMKY, HaJaBaTH pPEeKOMEHAAIll s
BJIOCKOHAJICHHSI HaBUAJIbHUX MpPOrpaM, CTEKUTU 3a MHPOrPECOM Y4YHIB Ta
HaJIaBaTH aHAIITUKY 11070 €(PEeKTUBHOCTI HABUAHHSI.

[{i mocsTHEHHsS BKa3ylOTh Ha TOTCHIAN MYJIbTHATEHTHUX CHCTEM Y
MOKPAIIIEHH]I MPOIleCy HABUAHHS Ta HA/JaHHI 1HIWBIIYaJbHOTO IMiAXOLY 0
yuHIB. BOHH MOXYTb CHPUSITH MiJBHUILEHHIO SKOCTI OCBITH Ta PO3BUTKY
VUHIB y OuIbll e€eKTUBHUI cmociO. Alie BUKOPUCTaHHS MYJIbTUAr€HTHUX
CUCTEM B OCBITI TAKO MOXE CTUKATHUCS 3 PSAJIOM MPOoOJIeM, 1110 MOB’ A3aH1 31
CKJIQJIHICTIO peai3aili, 1HTerpaui€lo 3 ICHyIOUMMH CUCTEMaMH, BUCOKOIO
BapTICTIO pO3pO0KH, IpodiieMamMu 0e3neku Ta KoH(iaeHiitHocTi, Tomo. Lli
npobiieMHu HE € HerepeOOpPHUMH, aje X BapTO BPaxOBYBATH MPH PO3POOII
Ta BIPOBA/PKCHHI MYJIbTHATCHTHUX CUCTEM B OCBITHIO cepy.

B po6oti mpomnoHyeThes apXiTEeKTypa areHTHO-OPIEHTOBHOI HaBYAIBHOI
m1aThopMu, SKa MOXKE CHPHUITH IJABUIICHHIO SIKOCTI OCBITH 3aBIsKU
aBTOMAaTH30BaHI aHATITHII Ta aHAJTI3Y MOBEIIHKU CTY/ICHTIB.

ApXiTekTypa  3alpoOIlOHOBAHOI  areHTHO-OPIEHTOBHOI  HABYaJIbHOI
wiaTpopMu, MO CKIAJAETHCS 3 TAKUX KOMIIOHEHTIB: CHCTEMa YIpaBIiHHS
HaBuaHHAIM Moodle, OaratoarentHa cucrema (MAC), Be6 mopran
VHIBEPCUTETY, XMapHe CXOBHUIIe gaHuXx Amazon S3 Ta miacucreMa
MOHITOPUHTY TIOBEIIHKH CTYyAeHTIB [4], HaBeneHa Ha puc. 1. Cucrtema
KepyBaHHS oOHnaiH-HaBUYaHHsIM Moodle LMS (Learning Management
System) [5] - 1me BigkpuTe, OE3KOIITOBHE, BEO-OpPIEHTOBAHE IpPOrpamMHe
3a0e3MeueHHsl, CTBOpPEHE JUid NIATPUMKM HaBYAJIBHOTO IIpOLeCy Ta
e(eKTUBHOTO YIPaBIiHHSI HABYAHHSIM OHJIAIH.

[le moTykHa 1 THydYka HaByYajdbHa TuTaTpopma, sSKa JOMOMAarae
CTBOPIOBATH 1HTEPAKTHBHI, €()EKTUBHI Ta AOCTYIHI HaBYAJIbHI KypCH IS
pI3HUX THUIIIB KOopHcTyBauiB. Moodle 103Bossi€ CTBOPIOBATH OHJIANH-KYPCH 3
pPI3HOMaHITHUMHM MaTtepiajlaMH: TEKCTH, BiJeo, aydio, 300pa)KeHHs, BeO-
MOCWIAHHS, IHTEPAaKTUBHI 3aBJIaHHA Ta 0araTo 1HIIIOTO.
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Pucynok 1. Apximexmypa acenmuo-opieHmoB8anoi Hag4aIbHOi naamegpopmu

MoskHa CTBOpPIOBAaTH 1 KE€pPyBaTH KOPHUCTYBauyaMH 3 PI3HUMHU POJISIMU:
aJMiHICTpaTOpH, BUKJIAAadl, CTyAeHTH Ta iHII. KokeH KopucTyBau Mae
CBIi OCOOHMCTHI OONIKOBMM 3amuc 3 MOXJIUBICTIO IIepCOHai3allii
HanamrTyBaHb. baratoarentHa cuctema (MAC) ckiamaeThCcsl 3 areHTiB, SKi
BHKOHYIOTh Pi3HI POJIi: areHT “‘Lecturer’” aHaji3ye akTyajbHY 1H(OpMAIIiIo 3
LMS Moodle, Beb6 mnoprany yHniBpcurera, Amazon S3 Ta pomomMarae
BUKJIaJlayy TMpUMaTH pIIIEHHS B OCBITHHOMY Iipolieci; areHt ~Student”
aHani3ye akrtyaibHy 1H(popMalito 3 Be0® mnopramy yHIBEpCUTETY, BIJ
JeKaHATy Ta BUKJIAIAYiB Ta JOMOMAarae CTyISHTY CBOEYAaCHO BUKOHYBATH
1HIUBIIyalbHUN IJIaH HABYAJbHOI MIJITOTOBKHU; areHT “Admin” BUKOHYE
HeoOx1aH1 a1i ans edpektuBHOi podotu miarpopmu Moodle Ta Bed noprany
YVHIBEPCUTETY; areHT ‘“Rectorate” nonomarae HaJaBaTd 1HQOpMALIO AJis
Be06 nmoprany yHiBepcuTeTy.

Be6 moprtan yHiBepcuTeTy 1€ OMIIIMHUN CalT 3aKiaay OCBITH.
[lincucrema MOHITOPUHTY MOBEIIHKA KOpHCTyBaya 3a JOMNOMOIOI0 BeO
KaMepH BIJICTEXXYE MPUCYTHICTb CTYJEHTIB Ha 3aHATTAX (MOAYJIb KOHTPOIb
BIJIBIAYBAHOCT1), a TaKOX BUSABISAE (anbCUPIKALIO MiJ 4Yac MPOBEACHHS
OUCTAHLIMHOIO  TeCTyBaHHA abo icoury (MOIAYJb  JI€TEKTyBaHHS
danscudikarii). Amazon S3 (Simple Storage Service) 1ie cepBic-CXOBHIIE
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JaHUX, SIKAW TpU3HAYEHUN A1 30epiranHs, oOOpOOKH Ta PO3MOBCIOKECHHS
BEJIMKUX OOCAriB JaHMWX 3 BUCOKOIO IIBUAKICTIO Ta HAJIMHICTIO.
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MOCJIIZIOBHE NIIKJIOYEHHS OJTHOTHUITHOT O
CMYTOBOI'O ®LJIbTPY JUISI HIABUIIEHHS IOPSJIKOBOCTI
OBPOBKH CUTHAJIY B IH®OOPMAIIMHO-KEPYIOUI
CHUCTEMI

T. CutHuKkOB, Dr.Sci. B. CuthukoB, Ph.D. O. Crpeasuos, Ph.D. Il. Ctynenn
Odessa Polytechnic National University, Yxpaina

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

28



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

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.

Anomauin. Y pobomi pozensinymo 3adayy nooyoosu KOMNOHEHMI8 CUcmemu 3
Modicaugicmioo nepedy0osu ix Xapakmepucmuk 3aledCHO 8i0 YMO8 eKCHIyamayii.
3anpononoeano Hosuli nioxio 00 pPO3PAXYHKY NApPaAMempié HOB8020 3'€OHAHHA 3
NOCIO0BHUM 3'€OHAHHAM OOHOMUNHUX KOMHOHEHMIB HU3bK020 NopsaoKy. Ompumane
CNIBBIOHOUWIEHHSL  003B80JISIE  MOYHO  PO3Paxyeamu  4acmomu n-20 3'€OHAHHS
00HOMUNHUX KOMNOHenmis. Kpim moeo, maxe nioKuo4eHnHs 00360J5€ 30i1buumu
weuoxkicme  HapocmawHus i cnady — (QpoHmie  AMNLINYOHO-4ACMOMHOL
Xapakmepucmuxku I 3MEHWUmu CcMmy2y HpOnycKamHa y 3 pazu npu 60CbMu
nioKmoYeHux ooHomunuux @inempax. Pozensdaromucs cmyeosi gitempu ma
N06eOIHKA AMNIIMYOHO-4ACMOMHOL XapaKmepucmuky 0isi maKko2o 3 €OHAHHS.

Knrwwuosi cnosa: inoycmpia 4.0-5.0, uacmomHo-3an1exCHi  KOMNOHEHMU,
nOCNi00BHE 3'€OHANHA, AMALIMYOHA YACMOMHA XAPAKMEPUCMUKA, CMY208i (inbmpu.

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, 11oT) [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(rpannunbsix wactor) 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

(2a, sin( @))’ (1)

H> (@) = 2 2 2
A—=5b6,)" +b7 +2b,(1+b,)cos(w@w) + 4b, cos™ (@)

Usually, the level at which the cutoff frequency is determined is
1 —0,707 > i.e. H(w,)=c, where @, — AFC cutoff at the level

c=——

V2
¢ . 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 3
H (@) = — (2a,sn(@,,)) . 22 —en (2
(1-b,)" +b +2b,(1+b,)cos(w,,) +4b, cos™(@,,)

where @,, — cutoff frequency at a new level ’\Z/; .

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

A=4b,c" +(1—b,)*;B=—b (1+b,)c"; 3)

Cz(l—bz)\/(l—ci)[(4bz—bf)ci+(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
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B —
B+ C) , @, =arccos( C) )

@, = arccos(

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.
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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 loT systems.

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

Anomauin: Posenanymo memoo no6yo0osu y3azaibHeH020 KpUnmozpagQiunozo
Memoody Xeuly8aumHs Oisi KOHMPOMO YIIICHOCMI MA GIOHOGNEHHS OAHUX I3
BNPOBAONCEHHAM MIHIMATLHOI HAONUWKOBOCMI. [N KOHMPONO YINiCHOCMI OaHUX
NPONOHYEMBCSL  BUKOPUCOBYBAMU CUCcmeM)y Xeul-Kooie. Bonu 0Oyodyromwvca 3a
npasuiamu, noOIOHUMU 00 NPasul NOOYO08U JIHIUHUX HAOTUWKOBUX K0Jie. Memoo
Mae nomenyian ona peanizayii' y 60yoosanux cucmemax, 30kpema, 6 cucmemax loT.

Knrouoei cnosa: konmponv yinichocmi OaHux, 8iOH08NEHHs OAHUX, Xeul-(DYHKYIs,
MAMPUYHI KPUNIMONEPEMBOPEHHS, HAOTUUKOBE 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 1s to achieve data integrity with minimal redundant code.

The proposed solutions can be applied both in traditional imformation
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.

References

[1] J. Andress, The basics of information security: understanding the fundamentals
of InfoSec in theory and practice, 2nd. ed., Syngress, 2014.

[2] J. Sima, J. Bruck, On optimal k-deletion correcting codes, IEEE Transactions on
Information Theory 67.6 (2020) 3360-3375.

[3] A. Yarmilko, I. Rozlomii, H. Kosenyuk, Hash method for information stream’s
safety in dynamic cooperative production system, in: S. Shkarlet et al. (Eds):
Mathematical Modeling and Simulation of Systems, volume 344 of Lecture Notes in
Networks and Systems, Springer, Cham, 2022, pp. 173-183. doi.org/10.1007/978-3-
030-89902-8 14.

34



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

VIIK 004.056.5(043)

IH®OPMAILIINHA TEXHOJOTISI INIEHTUPIKALIT MOJEJI
JTUHAMIKHA MEXATPOHHOI'O OF'EKTA

Ph.D. B.303yu1s [0000-0003-3793-4686]
epHCABHUL MOP206ENIbHO-eKOHOMIUHUN VHIeepcumem, Ykpaina
P P JYHi6€ED P

EMAIL: irish38@ukr.net

INFORMATION TECHNOLOGY FOR IDENTIFYING THE MODEL
OF MECHATRONIC OBJECT DYNAMICS
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Anomauin: memoio oOanoi pobomu € po3pobKa 3pYyHHOI IHGOPMAYIHOT
mexHoa02ii i0enmughikayii mooeni OuHaAMiKu 6a2amo8uMipHO20 pyxomozo 00'ckma,
MexampoHHO20 muny ma 30ypens, wo Oilomb HA Hb020 Ni0 4ac YYHKYIOHY8AHHS, 3d
OaHUMU 8EKIOPI6 CUSHANIB KePYBAHH MA CUSHANIB HA 8UX00i 00 €Kmy, HanpaeieHoi
Ha Ni08ULEeHHs HAOIIHOCMI OMPUMAHHSL Pe3ylbmamie 004UCIeHHSL.

Knrwuosi cnosa: niampopmu Cmroapma, mooensb OUHAMIKU OA2amo8UMIPHOZO
pyxomozo 06'exma

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 imeHTH(IKaIi, MpeACTaBIIse
MIPOCTOPOBI MEXaHI3MU MapaliebHOI KIHEMATHUYHOI CTPYKTYPH Ha OCHOBI
wiatpopmu CTroapTa, sIKa Ma€ MICTh OJHOTUITHUX KIHEMATHUYHUX JIAHLFOT1B
(mrranr) [1]. TlporpamMHO perymaiouUd JOBXKHHY INTaHT TutaTGopmu
CrroapTta, MOXXHA KEpyBaTH MOJIOKEHHSIM BUX1AHOI JIAHKH, TIEpEMIIIaTu i B
BEPTUKAJILHOMY 1 TOPH3OHTAJILHOMY HamMpsMKaxX, TOBEPTaTH B TPHOX
mwiomHax. [IpoBenenuit anHami3 BHJIB 3aBAaHb, SKI BHPIIIYIOTHCS
MexaHi3MaMH Ha OcHOB1 Imiatdgopmu Ctioapta [2] AaB  MOXJIUBICTH
knacudikyBatu Horo sk OaratocTyrneHeBUi, O0araTOKOMIOHEHTHHM 1
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0araTo3B'sI3HUX MEXATPOHMM OO0'€KT, M0 i€ B PEXKUMI MPOTPaMHOrO

KepyBaHHS.
OOrpyHTtoBanuii B poOoTi [3] ainroputM 03BOJISIE 3aMPOIOHYBATH
iHopmariitHy TEXHOJIOT1IO imeHTrdIKaIi MOJIeNl JIMHAMIKHA

OaratoBuMipHOro pyxomoro ob6'ekra. s crBopeHHS 1H(pOpMaIiitHO
TEXHOJIOT1] 1AeHTH(IKaIlli BUKOPUCTAHO TPHUKIaAHEe cepemoBuile Stateflow
Matlab, ska mnoka3ama BHCOKY e(EKTHBHICTh IpH BHpIIIEHHI 3aaa4
NPOCKTYBaHHA 0araTOBUMIpPHHUX CHCTEM aBTOMAaTHYHOTO KEpPyBaHHS.
Stateflow € 1HTEpakTUBHUM I1HCTPYMEHTOM pPO3poOKM B oOnacri
MOJICJIIOBaHHS  CKJIAJHMUX,  KEPOBaHMX  NOAISIMH  CHCTEM, IO
XapaKTepU3yIOThCs CKIAIHOI MoBeaiHKo. [Iporpamuuii 3aci6 Stateflow e
posmupeHHsiM cucremu Matlab Simulink Ta 3a0e3nedye MOXIUBICTH
(dbopMyBaHHS KIHIIEBUX aBTOMATIB IUIIXOM MOOYIOBH 1€papXiyHUX MOAETEH
Y BUTJISII T1ACUCTEM.

B cucremi Stateflow crBOpena BiamoBigHa nAiarpama MOTOKIB, IO
peanidye 1HTEpaKTHMBHUM Tipoliec iAeHTH(dIKAIli MoJenl JUHAMIKU
wiatpopmu Crroapta (puc. 1). biaok Rachet B Stateflow Bximroueno B
Mozenb cucreMu Simulink. BigmiHHOIO pucoro 1H(OpMamiiHOi TEXHONOT11
BUKOHAHHS €TamiB iACHTH(}IKAIi Mojenl IuHaAMIKH 0araTOBHMipHOTO
pyxomMoro o0'€eKTa € IMJBHUINCHA TOYHICTh Ta HAMIWHICTP BUKOHAHHS
00YMCIICHB, SIKI JOCATHYTI 32 PaXxyHOK BIIPOBAHKCHHS HOBOT'O IMIIXOMY 10
nporieciB (akropuzaiiii nmoiaiHomianbHUX Matpullb (pyskiis FCWN (puc.
1)) Ta OOYMCITIOBAIBLHOTO aITrOPUTMY, TMOOYIOBAaHOTO Ha MOr0 OCHOBI,
YIOCKOHAJIEHHSI aJITOPUTMIB MHOKEHHSI MOJIHOMIaJIbHUX MaTPUIlh (PYHKIIIS
Mulmtf (puc. 1)) 3 cucremu pospaxynkiB Stateflow Matlab nis 3mMeHmenns
BTPATH BIPHUX 3HAYYIIMX MUQP 32 PaXyHOK BIAMOBITHOTO BIOPSIKYBAHHS 1
pamKUpYyBaHHS eneMeHTapHuxX orepaHaiB (pyskiis Stabsep (puc. 1)),
MHOXEHHS JIpOo0OBO-parioHaATbHUX MaTpuIlh (hyHKIIS Mulmtf (puc. 1)) mus
3MEHILIEHHSI 3POCTAaHHS TMOPSJIKIB PE3yAbTaTIB Ha OCHOBI BHUKOPHCTAHHS
orepaliii BUJajaeHHs BIAMOBIIHUX TOJIIOCIB MPaBopyd Ta JiBOpYyY (yHKIIT
DPRT Tta DPLF (puc. 1)) Ta BBOAY BIAMOBIAHUX HYIIIB MPABOPYY Ta JiBOPYY
(bynkuii VNZRT ta VNZLF (puc. 1)).

Jlns miaTBep/pKEHHS Tpare3aTHOCTI 1H(opMaliitHoi TeXHosorii Ta
aJITOPUTMIYHOTO 3a0€3MEUEHHS NPOrPAMHOr0 KOMIUIEKCY OyJ0 BHUKOHAaHE
MOJICTIIOBAHHS JJIsi OIIIHKKA TOYHOCTI idewmucbixayii Momenl IUHAMIKH
mwiatpopmu  CTroapta, sIK€ 3AIMCHEHO 3a JIOMOMOIOK 1HCTPYMEHTY
mozemtoBanHs SIMULINK cepenoBuiiia 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.

Anomauin. YV cmammi po3enaoaemvcsi 0CB0EHHA NIOBOOHO20 NPOCMOPY 8
iHmepecax MOpPCbKO20 BAHMANCHO20 MPAHCNOPMY K MAK020, Wo nNiosuuye
NPONYCKHY CHPOMONCHICIb ICHYIOYUX MOPCOKUX MPAHCNOPMHUX WIAXIB, NIO8UU)E
eHepzoephekmuHicms ma 3HUNCYE PUSUKU BAHMANCHO20 MPAHCNOPMY 3d YMOSU
BIOCYMHOCMI He2amu8HO20 GNIUBY HA PYX GIMPOM, NOBEPXHEBUMU XSUIAMU MA
opetigposumu meyiamu. Y nepcnekmugi nio 60000 0y0ymv CmMEOpeHi 2iOpUoHi
cucmemu OOMIHY OAHUMU, 3ACHOBAHI HA (DI3UYHUX NPUHYUNAX nepedadi OaHux 3d
00NOMO02010 padio-, 1a3epHO20, 2I0POAKYCMUUHO20 38 SI3K).

Knrowuosi cnosa: niogooHuii Kocmoc, niO80OHI anapamu, 2i0poaxycmuKa,
BAHMAINCONEPEBEICHHSL.

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 vulnerability, 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

Anomauin. L]ykposuii Odiabem € XpOHIUHUM 3AX8OPIOBAHHAM, CHPUYUHEHUM
NOPYUEHHAM poOOmMU  NIOUWLYHKOBOI 3aN03U, WO NPU3BO0UmMs 00 GUCOKOL
KOHYeHmpayii Yyykpy 6 Kposi ma Modice GNIUHYMU HA QYHKYIOHYBAHHA CUCmeMU
opeanizmy. Ham  nompiobno  pospobumu  cucmemy, 30amHy  e@eKmueHo
diazHocmysamu x60pux Ha Oiabem 3a 0ONOMO2010 MeOudHux oanux. Lla poboma €
NPOOOBHCEHHAM HAUO20 NONEPEOHbO20 GHECKY U000 NPOSHO3V6aHHs diabemy; Mu
Oy0emo UKOpUCIOBYBAMU  ANICOPUMM POUOB020 THMENeKmy, wob ompumamu
Hatkpawi QyHkyii 01 HaguanHa moodeni Random Forest. Pezynomamu nokasanu,
WO NOEOHAHHS YUX Mooelell 3abe3neyye Kpauyy moyHicme.

Knrouoei 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

Anomauia. 3anpononosana cucmema Mac 080pieHedy  cmMpYKmypy (3
MAKMUYHUM | BUKOHABYUM DIGHAMU ABMOMAMUYHO20 KepY8aHHs) i 6a3yemvbcs Ha
NPUHYUNAX WMYYHO20 THMENeKmY, o 3a0e3neuye eHyyKe agmomMamuyne KepyeanHs
CUTIOW  3YeNsieHHs 3AledCHO 6I0 DpI3HUX pedcumie pyxy niam@opmu ma
NPOOYKMUBHOCL.  PI3HOMAHIMHUX — MEXHONO02IYHUX —Onepayiu, a maxKoxc 6i0
bacamvox iHwux haxmopis.

Knwuosi cnoea: mobinbna pobomomexmika, asmomamuyne KepyeaHHs,
VHIBepCabHi MOOLIbHI pobomuzosani niamgopmu

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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Anomauin. B pobomi 3anpononosaHuti cmecaHOAHANIMUYHULL MemOoO O
BUABIIEHHs pe3yibmamie 60Y008U 000amKogoi iHgopmayii 6 yugpposomy eideo
OOHUM 3 HAUNOWUPEHIWUX HA CbOOOHIWHIL OeHb cme2aHocpaiuHux memoodie —

LSB-memooom
Knrowuoei cnosa: cmezanoepagis, 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

Crera"orpadiss B JaHWA MOMEHT 3ajIUIIAE€THCS OIHMM 3 OCHOBHHUX
HaIPSMKIB 3aXUCTy 1H(pOpMATIIii.

P0o3BUTOK IBOr0 HampsSMKY BiAOYBAa€ThCS MIBHJIKO W epeKTHBHO. AJje
HEOOXI1/IHICTh YHUKHCHHS HETaTMBHUX HACIIJKIB MPUXOBAHOI KOMYHIKAIIIT,
METOIO SIKOi € TPOTHUIIPABHI Mii, MPUBOAUTH O MIABUIIECHHS aKTyaJbHOCTI
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CTeraHOaHaI3y, OCHOBHOIO 3a/1au€l0 SIKOTO € BHUSBIICHHS HAsSBHOCTI
JI0AaTKOBOI 1H(GOpMallii B TOMY Y 1HIIOMY 1H(GOpMaIITHOMY KOHTEHTI.

[lepeBara mpu opranizamii TPUXOBAHOTO KaHATY 3B'SA3Ky ChOTOJHI
BimaeTbcs 1udpoBomy Bigeo (ILIB): mo-mepimre, Bimeo-Tpadik ChOTOHI
CTaHOBUTh OCHOBHY YaCTHHY BCHOTO CIIOKMBYOT'O IHTepHET-Tpadika, Imo-
Ipyre, camMe BIJEO J1a€ MOKIIMBICTh 3a0€3MEUNUTH BHUCOKY TPOIYCKHY
CIPOMOKHICTh MMPUXOBAHOI'O KaHAITY 3B'SI3KY, 30KpEMa, y PEXKUM1 PeabHOTO
yacy [1], mo-TpeTe, cydacHM CTeraHoaHasi3 BiJeo BIJCTA€E BiJ HEOOX1THOTO
piBHS y CWJIy CKJIQIHOCTI 3ajJadi, 110 PO3TJISAAEThCS, 30KpEMa B yMOBax
MaJioi IPOITYCKHOI CIpoMOkHOCTI npuxoBaHoro kanaiy (IICIIK) [1].

B poboti 3amnpornoHoBaHWil HOBUM €(PEKTUBHUN CTETaHOAHAIITHYHUMN
METOJI JUIsl BUSIBJIICHHS pe3yNbTaTiB BOYJIOBU JOAATKOBOI 1H(popmanii B [IB
OJHUM 3 HAWMOIIMPEHIIINX Ha CHOTOJHINIHINA JeHb cTeraHorpadiuHux
MetojiiB — LSB-mMetroaom [2]. OcHOBOIO po3p00IE€HOr0 METOTY € YYTIUBICTh
10 30ypHHMX 1 BCTaHOBJIEHOI aBTOpAMM paHille BIACTHBOCTI JIHIMHOCTI
YacTOCTI CHUHTYJSIpHMX BEKTOpPIB MaTpullb KajpiB opuriHaibHOoro LB, ne

YacTiCTh 7] CHHIYISAPHOTO BeKTOpYy u,,I=1,n, nxn-marpuni F xanpy

BU3HAYAETHCS HACTYITHUM YHHOM [3]:

1
2

n+1
> SAKWO 1] — HenapHe

B , AKWO 1) — napHe
]7 =

Jie 7] - KiIbKiCTh 3MiH 3HaKa KoopauHat u,, [ =1,n.

Y xomi po3poOku MeTony Oyinu BCTaHOBJEH! KUIBKICHI BiJMIHHOCTI
XapaKkTepucTUK (YHKIT 3aleKHOCTI YacTOCTI CHUHTYJISIPHOTO BEKTOPY
matpuii kaapy 1IB Bix ioro HOMmepa fr(i), i=1,n, mna opuriHambHUX

KOHTEHTIB 1 CTEraHOIOBIJOMJIEHb, OTPUMaHUX 3a Jornomoroio LSB-merona
3 BukopuctanHsM pi3Hoi [ICIIK. V¥V sKocTi Takux XapakTepUCTUK Y
pe3yibTaTi OOIPYHTOBAHOTO BUOOPY BUCTYIHIIM: CEPEAHE 3HAYCHHS I10 BCIiX

kajgpax [[B makcuManbHOrO BIAXWICHHS (PYHKIIIT fr(i ) BiJ ii JIHIAHOI

aHPOKCI/IMaI_Iﬁ, a TaKOX MoJa I iCTOFpaMI/I MaKCUMAJIbBHUX BiI[XI/IJIeHB f r (l )
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B1JI JIHIMHOI ampoKCcHMallii, OTPUMaHUX JJII KOXXHOTO KaJpy IM(pPOBOTO
B1JIEO.

VYcraHoBeHI KiIBKICHI BIIMIHHOCTI Jalld MOXJIHMBICTB JIJI PO3POOKH
aJTOPUTMIYHOI peatizallii 3ampornoHOBAHOTO METOAY, €PEKTHBHICTh SKOI Y
Bunaaky wmajioi IICIIK (<0.25 Oit/mikcens) mnepeBuInye e(QeKTUBHICTH
HaMKpaIIoro cy4acHoro a”ajora [4], BU3HaYeHy 3a JOMOMOTOI0 MapaMeTpa
ACC — TOYHOCTI BUSIBJICHHS MOPYIIEHHS IITICHOCTI [5]:

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

ne TP (True Positive) — KUTBKICTh BIPHO BHUSIBIICHUX CTETAHOIIOBIIOMJICHB;
TN (True Negative) — KIIBbKICTh BIpHO BUSIBIIEHUX KOHTeWHepiB; FP (False
Positive) — KITbKICTh KOHTEHHEpIB, M0 MOMWJIKOBO BH3HAYEHI SK
creranomnoBiiomyienns (nomwiku Il pony); FN (False Negative) —
KUIBKICTh HEBMSIBIICHHX CTETaHOMOBBIAOMJIEHb (MOMWIKM | popay), mpu
oMy MakcuMasibHe miaBuieHHs Bignosigae IICITK=0.1 6it/mikcens B
yMOBax, KOJIn BOyA0Ba J0AaTKOBOi 1H(opmalii BigOyBaeTbes B 40% KkanpiB
OB, 1 ckmamae Oimpme 11%, 1o [ano MOXKIMBICTE — ITIIBUIUTH
e(heKTUBHICTh cTeranoaHanizy LB y mimomy.
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CREATION OF AN ELECTRONIC MOCK BOARD FOR
PROGRAMMING THE ATMEL ATMEGAS8 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 po3pooku ma 6u2omoeieHHs MAKemHoi
MakemHoi naamu Ol NpocpamyeanHs Mikpokonmponepa Atmel AtMega8 i
nepegipku pobomu npoepam MaKemHoi niamu.

Knwuosi cnosa: mikpoxowmponep, cucmemHe NepepuaHHs,  maimep,
cemucecMeHmMHUL IHOUKamop

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. Koprmopamisi Atmel (CIIIA) moOpe Bimoma Ha MiKHApOTHOMY
PUHKY CIIEKTPOHHMX KOMIIOHCHTIB 1 € OTHUM 13 BU3HAHUX CBITOBHX JIIJICPIB
y p0o3po0I1l Ta BUPOOHHIITBI CKIIAJHUX BUPOOIB CYdaCHOI MIKPOCIEKTPOHIKH
— TPUCTPOIB EHEProHE3aJieKHOI IMaM’ATI BHUCOKOI IIBUAKOAII Ta
MIHIMQJIBHOTO  MHUTOMOTO  €HEPrOCHOXXHUBAaHHS,  MIKPOKOHTPOJEPIB
3arajbHOrO MPU3HAYEHHS Ta MIKpPOCXEM MPOrpaMoBaHoi Joriku [1].

Mikpokortponepu AVR — onuH 13 HalIiKaBIiIX HAMPSIMIB, PO3BUTKY
SKOTO TIPHUIUISIE BENMHUKYy yBary kopmopaitis Atmel [1,2]. L1 Mikpocxemu €
MOTY)KHUM  IHCTPYMEHTOM JIIi CTBOPEHHS BHCOKOIPOJIYKTHBHHX Ta
€KOHOMIYHHMX KOHTPOJIEpIB 0araToliIbOBOTO MPU3HAYEHHS, Y TOMY YHUCII 1
BOynoBaHux. Ha nmanuii MOMEHT CHiBBIJHOIIEHHS “IliHA — MPOAYKTHUBHICTh
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— eHeprocnoxkuBanHa” a1 AVR € ogHuMm 3 HalKpallluX Ha CBITOBOMY
PUHKY 8-MHU pO3pSATHUX MIKPOKOHTposiepiB. MoxHa BBaxaru, mo AVR e
IHAYCTpladbHUM CTAHAAPTOM Cepel  8-pO3PSIIHUX  MIKPOKOHTPOJIEPIB
3araJibHOTO Tpu3HaveHHsA. Ha 1meit gac y BupoOHuITBI Atmel HasBHI ABa
cimeiict_a AVR — “Tiny” Tta “Mega”, ski MaioTh pi3HI 00JacTi
3actocyBaHHs [2]. 3okpema, “Tiny” AVR — 1me iHTeneKTyalbHi
aBTOMOOUTbHI JATYMKHU PIZHOTO MPU3HAYECHHS, 1TPAILKH, ITPOBI MPUCTABKH,
3apsJiHl TPUCTPOI, JETEKTOPU JUMY Ta TMOJIYM’ s, TOOYyTOBa TEXHIKa, Pi3HI
1H(payepBOHI MyJIbTU AMCTAHLIMHOIO KepyBaHHs. Y cBO yepry, “Mega”
AVR — 1ie ananorosi (NMT, ETACS, AMPS) ta mudposi (GSM, CDMA)
MOOUIBbHI TeNE(POHU, NPUHTEPU Ta KOHTPOJIIEPU HJsi HUX, KOHTPOJIEPU
anapatiB ()aKCUMUIBHOTO 3B’SI3Ky Ta KCEPOKCIB, KOHTPOJIEPH CYyYaCHUX
JMCKOBUX HaKOMUYyBauiB ToIIO [2,3]. MeToto cTBOpEHHSI MaKeTHOI IUIaTH €
oprasi3zailisi 1 IPOBEACHHS JTa0OPaTOPHOr0 MPAKTUKYMY JUIsl CTYAEHTIB, SIKi
3MOXYTh CaMOCTIHHO HamucaThd HOBY Nporpamy Ui MIKPOKOHTpoJepa
ATmega8, 3anucatu i 10 MIKPOKOHTpOJEpa 1 MEPEeBIpUTH IMPABUIBbHICTH
BUKOHAHHS IPOrpamMu 3a JIONOMOrOK 3aco0iB BBEACHHS Ta BUBEICHHS
iH(opmaiii makeTHoi wiatu [3]. Takumu 3acobamu € BIIMOBITHO KHOTIKU Ta
1HAMKATOp 3 CEMHMCEIMEHTHUMH IHIUKAaTOpaMH. TakuM YUHOM, CTYICHTU
n00pe O3HAMOMITIOIOTBCS 3 TIPAKTUYHOK peajizalll€el0  TrapBapChKOi
apxitektypu EOM Ha npukiazi 8-po3psaHoro MiKpOKOHTpoJepa 3 SapoM
AVR (ATmega8), a TakoX 13 OCHOBHUMH 30BHIIIHIMH MOJYJISIMU CY4aCHHUX
MIKPOKOHTPOJIEPIB.

OcobnuBocTi MakeTHOI Ja0opatopHoi miaatu. Cxema (puc. 1)
Mmictuth 46 kommnoHeHTiB. Konrpomep ATMEGA 8 mae 28 BuBOmIB s
I IKJTFOYCHHS 10 KOMITOHEHTIB cXeMu. KoHTposiep maKIFoYeHnuid 10 CXeMH
yepes CreliaabHUM COKET Ha 28 KOHTAKTIB, 110 JO3BOJISIE BUKOPUCTOBYBATH
pi3H1 kKoHTpoiepu ATMEL y makerniit murari. I Tomy, y pa3i He0OX1THOCTI
BHCOKOI OOYHCITIOBAIBHOI TTOTYKHOCT1, MOKHA 3pOOMTH 3aMiHY KOHTpOJIepa
Ha OlIpII MOTYXHUM. | HaBmaku, 3a HEOOXIAHOCTI 37CIIEBICHHS MPOIYKTY
a00 3MEHIICHHS €JIEKTPOCIIOKUBAHHSA, € MOXJIUBICTh 3MIHUTH KOHTPOJIED,
Hanpukian, Ha ATtiny, BapTicTh SKOro MeHIe 2 $ 3a OJUHMUIIIO. st
MJKTIOYEHHS TUIATH 10 KOHTposiepa (KOMIT'IOTepa) y CXEMY 1HTErpOBaHU
po3’em H10-10, axuit mae 10 BuBOAIB (3-i BUBIJ y JAHOMY BHUMAJKy HE
BUKOPUCTOBYEThCS). 3a JOMOMOrOK I[bOro po3’emy mnporpamatop AVR
USBasp minkmioyaeTbcs [0 IUIaTH 1 4Yepe3 HbOIO BHUKOHYETHCS 3aIlUC
NpOrpaMHOro 3ale3neyeHHs Yy nam’siTb MIKpoKoHTpojepa. Jlo 1Hmmx
KOMIIOHEHTIB CXeMH MOKHA BiHECTH: 4 KHOIIKH JUIsl KEPYBAaHHS CUCTEMOIO;
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T'yYHOMOBEIb, SKUM  miagkaoueHud depe3 NPN  tpaHsuctop 10
MIKpOKOHTposiepa; 3 ciTioaionn. Kox komans peanizyerbest MOBOO C.

Pucynox 1. 306niwniti 60K08Ull 8U210 MAKEMHOL NIAMU 3
mikpoxoumponepom ATMegal.

AJie, OCKIIBKM MIKPOKOHTpOJIEp “HE pO3yMi€” MOBY BHUCOKOI'O PIBHS,
JUIsL HBOTO HEOOXIAHO CTBOPUTH KOJ 3 KOMaHJ, IO 3alucaHl
ITICTHAIIATKOBUMHY yncinamu. L{i komanau moBuHHI 30epiraTucs B daiimi 3
posmmpenHsM .hex. Oxniero 3 nmporpam s neperBopenHs konxy C B hex-
daiin moxe cnyxxkutid AVR Studio 5. 3 inTepdeiicom maHoro nmporpaMmHoOro
cepenoBuilia MOKHa o3Haomutuch B [3]. Kpim kommimsmii  komy,
HarmcaHoro MoBoro C, mOTpiOHO 3ammWcaTd MporpaMmy JO CaMOro
KoHTponepa. Taka 3amaya wMoxe OyTu BHpillleHa 3a JONOMOTOKO
nporpamamu-nporpamatopaMmu  AVR Dude a6o eXtreme Burner AVR.
VYBech KOpIyc MaKETHOI IUIaTH HaApyKoBaHUW 3 D-mpuHTEpoM 3a
JIOTIOMOT'OF0  YOPHOI TUTACTHMKOBOI HHUTKH, 4Yepe3 o B Jiabopatopii € B
HasgBHOCTI 10 TakuMX Iat, sKi MalOTh NPAKTHYHO OJHAKOBMH BMIIISI. IX
BIJIpI3HSIE JIUIIIE T€, 10 HA OJ{HI MAKETHI TUIATH YKOMIUIEKTOBaH1 YepBOHUMU
CEMHUCETMEHTHHMH  IHAMKaTOpaMH, a Jpyri IUIaTH -  3CJICHUMU
CEMHUCETMEHTHUMH 1HAMKaTopaMu. MikpokoHnTpoiaep ATMega 8 mae sk
BOCBMHUPO3PSAIHI, TaK 1 MIICTHAAIATHPO3PSAAHI TaMEpHU-TIYMIbHUKH.
KoxxHMiT BOCBMHpO3pSAHMIA TalMep € OIWH BOCBMHPO3PSIHHUI pericTp,
AKUM 1711 MIKPOKOHTpoJiepa € perictpoM BBoay / BuBoxy. Llelt perictp
30epirae MOTOYHE 3HAYCHHS TaiiMepa Ta HA3UBAETHCS JITUYUITBHUM PETICTPOM.
HTicTHAAISTHP O3PSI THI TalMepH MAaroTh T CTHAAATHP O3PS THII
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miumnibHUA perictp. KokHmii perictp Mae cBoe iM’s. MIKpOKOHTpoIep
ATMega 8 mMae HalaroKyBaJIbHUM €IEMEHT — MpOrpaMoBaHl MepeMuKaul
pexumiB. Lli mepeMukadi BUKOHAH] Y BUTJISAL CIIEIIaIbHUX KOMIPOK, SIKi TIO
CYTi, € IlI€ OJHUM BHJOM IEpENpOrpaMOBaHOI €HEPrOHE3aJEKHOI MaM’sITl.
Koxnuii koH(}ITypaniiHUi TepeMUuKad NpHU3HAYEHUH JUIsI TOro, m1o0
3MIHIOBATH  SKUH-HEOYAh OJWH TapaMerp abo peXuM  PoOOTH
MIKPOKOHTpoJiepa. Y JOKyMEHTallli KOXHHM Takuil mepeMuKad Mae
BH3HaueHe M 4. Jleski 61T KOHGIrypamiiHIX KOMIpOK 00’ €/IHaH1 B TPYIIH.
BinnoBigHo no tepminonorii ¢ipmu  Atmel, koHbIrypauiiHi KOMipKu
HazuBarTbcad Fuse Bits. 3ammc 1 yuTtaHHs KOHQIrypauiiiHMX KOMIpOK
MO>KJIMBO JIMIIE 32 JIOMIOMOIOI0 MporpamaTopa B PEKHMMI MPOrpaMyBaHHS.
Bei  HesamporpamoBani  Fuse-komipku — MicTATh  oauHuiio. llpu
IIPOrpaMyBaHHI B KOMIPKY 3aIIUCY€EThCS HYJIb.

BucnoBkn. B pesynbTaTi poOOTH CTBOPEHO MAKETHY IUIaTy s
NPOBE/ICHHS JIA0OPAaTOPHOTO MPAKTHKYMY ISl CTYIAEHTIB, SIKi 3MOXKYTh
CaMOCTIMIHO HamucaTd HOBY Mporpamy st MikpokoHTposepa ATmegas,
3amucaT i 10 MIKPOKOHTpOJiepa 1 MEepEeBipUTU MPABWIBHICTH BUKOHAHHS
IporpaMM 3a JONOMOIOK0 3aco01B BBEACHHS Ta BHMBEACHHS 1H(Opmanii
MaKeTHOi IaTH. TakuM 4YHHOM, CIyXadl CIeliagi3oBaHuX KypciB 1
CTYJICHTH 3aKjaJiB BHIIOI OCBITH OTPHUMYIOTh HOBY MOXJIHMBICTH T00pe
O3HAMOMHUTHUCH 3  MPaKTUYHUM  BUKOPUCTAHHAM  8-PO3PSIAHOrO
MikpokoHTposiepa 3 sapoM AVR (ATmega8), 3 cydacHUMH 3aMOBaMu
BBEJICHHS 1 BUBEJEHHS 1H(pOpMaIlii, a TaKoX 13 OCHOBHHUMH 30BHIIIHIMU
MOJIYJISIMU CYYacCHUX MiKPOKOHTPOJIEPIB.
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BLOCKCHAIN AND CRYPTOTECHNOLOGIES: THE
EVOLUTION OF INFORMATION AND TECHNOLOGY
MANAGEMENT IN THE DIGITAL AGE
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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

Anomayia. Lugposuii ceim, wo WBEUOKO 3MIHIOEMbCA, O3HAMEHYBAB
HebazamomMa MexXHONOIYHUMU OOCACHEHHAMU, WO CHPAGUIU HACMITbKU 2IUOOKULL
enaus, Ax Onoxyeun i KpunmomexHonoeii. Lfi innosayii eutiuiu 3a pamku c8020
NOYamMKOB8020 3ACMOCYBAHHA 8 2aly3i KpUNMoGanom i nepeqphopmysant OCHO8U
cucmem ynpasainus ingopmayiero ma mexronozismu. Ll 00nogiov 3a2nubaoemucs
6 nomenyian ONOKYeUHa [ KPpUNMoOmexHoNo2ciu, O0CHiONCYIOUU IXHI OCHOBHI
NPUHYUNU, DI3HOMAHIMHI 3ACMOCYBAHHS, Nepesazul, 0OMeNCeHHsl | NepcneKmusu, sKi
BOHU NPONOHYIOMb O/ MAUOYMHBO2O.

Knrwuosi cnosa: Onoxuelin, Kpunmomexronozii, ynpaeniHusa iHgopmayicio,
Odeyenmpanizayis, npo3opicmv, CMAPM-KOHMPAKMU, IHHOBAYIl, NepcneKmusu
Maubymubv020

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.Identifying 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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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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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. l[n cmammsa npedcmaensie mMemoo a0anMueHoi 3aMiHu QYHKYIT
akmueayii 011 NONepPeoHbO HABYEHUX MOOeel WMYYHOI HellpOHHOI Mepedxci. Memood
00380/151€  BUKOPUCMOBY8AMU  A0ANMUBHT  (DYHKYII 3amicmb iX HeaoanmueHux
ananozie, He GUMpPAYAIOYU YAC HA HAGYAHHS MoOeni 3 Hyas. E¢exmusenicmv 3aminu
@dyuxyii  akmueayii oyiHIOEMbCA HA 3a0ayi  pO3NI3HABAHHA 300pajxiceHb 3d
donomozoro CNN y PyTorch ma CIFAR-10.

Knrouosi cnosa: ¢yuxyis aoanmuenoi akmusayii, nonepeonbo Has4ena Mooeisb
WMY4HOI HelipOHHOI Mepedici, mpaHcghephe HaguaHHs, 2IUOO0KA HEelPOHHA Mepexca

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 ReLLU, 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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Anomauin. Ompumani 0ani 003801810Mb HAM NPULLMANU KPAWi PieHHs o000
8UOOPY BIONOBIOHUX NPUCMPOIB O/ 3A80AHb 2IUOOKO20 HABYAHHS HA OCHOBI IXHbOI
cKknaoHocmi. Y pezynomami mu 3mMo2nu nioguwumu K npooyKmueHicmo, mak i
AKICMb eKCnepuMenmy. 3a805KUu Hauum OOCHLOHCEHHAM MU 3MO2NU NIOGUUUMU
ehekmusHicms HaWUX 3a80aHb 2TUOOK020 HABUAHHS

Knrwouoei cnosa: npucmpois 0151 3a60anb 21UOOKO20 HABUAHHS

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.

G A 1 J (0

90 v 15

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
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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).
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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 OOYLTLHICMb GUKOPUCMAHHA 3AKOHOMIpHOCHEU
8I3YAIbHO2O AHANI3Y OAHUX Ol OYIHKU KOHKYPEHMOCHPOMONCHOCMI CK1A0i8
OpibHO3epHUCTIUX OEMOHI8 NONIDYHKYIOHATbHO2O NPUSHAYEHHSL.

Knrwouoei cnosa: mouki nanoguiosaui, akmueayis, 6i3yalbHUll AHATI3, CXO8UULE
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 1ssues 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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COGNITIVE PERCEPTION AS A BASE MODEL OF THE
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Anomauia. [lmyunuii Inmenexm (L) sidicpae eadxciugy ponv y niompumyi
HeoOxioHo20 pieHs asmonomuocmi besninomuux Cucmem (BC). Cmeopenns LI
H06020 nokoninua, a came LI wo Biouyeac (LIB) ona BC € axmyanvhoro
npobnemorr cvo2ooents. Qouwum iz komnowenmie LIIIB € moodenb KOSHIMUBHO2O
cnputinammsa (KC). B 0onoesioi posenanymo moodenv KC wo epaxosye xoeHimueHi
npoyecu 8i000OpadcenHs Oanux 6i0 oamuukie y ix cenc. Baosciueoro ocobnusicmio
KOCHIMUBHO20 CHPULIHAMMSA € CMapinHa ingopmayii ma il 3a0yeanHsa 3 yacom. Y
00nosidi poszenidacmovcs aneopumm, sAkuu peanizye moodenv KC 3 mexauizmom
CMAapPIHHA OAHUX.

Knrwuosi cnosa: asmonomna inmenekmyanvua Oe3nijlomua cucmema, wmyyHuil
iHmenexm wo Giouy8ae, KOCHIMUGHE CHNPULHAMM, OAHi 3 OAMYUKI8, CMAPIHHA

iHgpopmayii.

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 MOXKIIMBICTH CTBOPEHHS
T tperboro nokosninHg s BC, sikuii BpaxoBye iX OCOOJMBOCTI Ta Mae
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KOTHITHBHI 3/110HOCTI, 0 MIATPUMYIOTH aBTOHOMHE MPHUMHSATTS pillicHb B
yYMOBaX HEBMU3HAUEHOCTI Ta B HEIPYKHBOMY CEPEIOBHUIII. 3apONOHOBAHO
Mozenb Ta ecki3 apxiTektypu LB [1-3]. OnHuM 13 OCHOBHHX KOMITOHEHTIB
apxitektypu IIIB € cucrema cnpuiHATTS, SKa peaidye KOTHITHBHY
GyHKIIO TUCTHIIAINT ceHCcy maHuX Bijg ceHcopiB [3]. Ecki3 apxiTekTypu
[IIB, 110 3anporoHoBaHo B [2], Moka3aHo Ha puc. 1.
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Pucynok. 1. Ilpoexm apximexkmypu wmy4Ho20 iHmeaeKmy wo 8i0uysae

Yotupu ©Oa3m 3HaHBb BigoOpakeHi y Burmsaai koia. Dymkmii 1IIB
peanizoBaHl JIeB'sIThMa MEXaHI3MaMH HEUYITKOTO BHUBEACHHS Ha 3HAHHSX.
Bonu mokazaHi y BUTTISAI MIECTUKYTHUKIB. MexaHI3M COpPUMHATTS MOJENI
KC BukopucroBye 6a3y 3Hanb «lllo nie?». Monens KC BpaxoBye OCHOBHI
OCOOJTMBOCTI CHCTEM CHIPUHHATTSA >kuBOi mpupomu. I[lo-mepiie, B KoxkeH
MOMEHT 4Yacy OOYHCIIOETbCS CEHC HE€ LUIICHOI CHTYyalli, a $KOTroch
¢dbparmenTa cepenopuiia bC, BuaineHoro mexanizMom yBaru. CeHC IIiTICHOT
cuTyarlii (opMy€eThbCs MOCTIOBHO MIISXOM TICPEMIIICHHS yBarw 3 OJHOTO
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dbparmenrta cepenoBuia Ha iHmwmA. [lo-apyre, mocnigoBHO chopmoBaHMit
OIKMC CEHCY IMOBHOI CHUTYyallli MATPUMYETHCS KOTHITUBHUM MEXaHI3MOM
CTapiHHS JIJaHUX 11100 MIHIMI3yBaTH PU3UKU BiJl MPUHHATHX PIIICHb.
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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
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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.

Anomauin. VYV  cmammi  HagedeHO — pe3yibmamu  po3poOKu  mooei
0ia2HOCMY8aHHs CKIAOHOI MeXHIYHOI cucmemu cyoHa. Y wmyuHomy inmenekmi
AKMUBHO PO36UBAIOMbCSL MOOeli npedcmasiienHs 3Hanb — Bayesian Belief Networks,
Wo BUKOPUCMOBYIOMbCA 051 OIACHOCMUKU MEXHIYHO20 CMAHY CKIAOHUX CUCHEM.
Mooenv diaeHocmuku ma npocHO3yY8aHHs PUUKY 8IOMO8 NiocUcCmeM, KOMNOHEHMIS,
B3AEMO38 "S3KI8 MONCHA PO3210amu 51K KOHYENMyalbHy MOO0elb [HMeNeKmyaibHoi
cucmemu OiA2HOCMUKU MA NPOSHO3Y8AHHS PUBUKY GIOMOB CKIAOHUX MEXHIYHUX
cucmem Ha mepexcesux iH@OpacmpyKkmypax, AKa Mac 6i0HOCHY Heuymaugicms 00
He3a8epuleHUx MexHoN02iuHUX OaHux. Bukopucmanns pospobrenozo memoody ma
MoO0eni 3  YPAxy8awHAM  IEPAPXIYHUX  PIGHI@  niocucmem,  KOMNOHEHMIS,
MIHCCUCMEMHUX | MIHCKOMNOHEHMHUX 38 'SI3KI8 KOMNJIEKCHUX MEXHIYHUX CUCTeM Npu
NOWLYKY NPUYUH 8I0MO8 ) CKIAOHUX MEXHIYHUX CUCMEMAaX 00380JI51E€ KOHMPOI08amu
PpUsuK 8iomMos y cucmemax, Koau iHgopmayiss npo 6iOMOBU 8 iX CMPYKmypax
HAOX00UmMb 3 MEXHIYHUM CTNAHOM.

Knrwuoei chosa: niocucmemu, KOMROHEHMU, MINHCCUCIMEMHI, MIHCKOMNOHEHMHI
KOMYHIKQYii CKI1aOHa MexXHIiYHa cucmema, pu3uk, OiaeHOCMUKA, IHMeNeKmyaibHa
cucmema, mepesica nepekonans batieca, neuymaugicms 00 HENOBHUX OAHUX.

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 FI (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:

< GaS(C)DIS([C)’RS(C)’RIS(IC)’
where: S(C) ,set FS (FC);
1,(1.),set FIC (FD);

L >,

RS(C),RIS (1.)» set of failures risk diagnostic assessments FS (FC),
FIC (FI) CTS;

L - mapping relationships between sets S(C),I,(1.),
Rgcy» Ry (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

Ve 1,2.3 . n.
R( Ork1’3’8 t:O — O 9
R(Not work27 =1;
_ 1,3,.8 )1=0 )
2.3 N
R(Wor- IE—CAS,CAS—SPP) =0 — O ;
2.3 4.
R(Not _wor. kIE—CAS,CAS—SPP im0 =1;
1,2,3 1,2,3 . ,
R((Workm,s ‘ /(W07k1,3,8 ),.1)=0.1;
2,3 2.3 _
R((Wor IE_CAS,CAS _SPP , [(Wor. IE _CAS,CAS—SPP 1) =0,

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,5), (Work,;3),.,) =0,1-0,2;
2,3 13 _
R((Not _worky;” cis cas_spp) \Worky; cus. cus—spp)i-1) = 0,1—-0,2

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

R((Not _ workll,’i’g?’ ), /(Workll,’i’g3 1) =02-0,37;
R((Not _ Worklzés_CAS,CAS_SPP ¢ /(Workll;;_CAS,CAS—SPP)t—l) =0,2-0,37

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

R((Not _wor 11,’32,15’ . /(Wor 11,’32,§ ), 1) =0,37—-0,63;
R((Not _ WorklzéiCAS,CAS_SPP t /(WorklsziCAS,CAS—SPP 1) =0,37-0,63

the failure risk level is assessed as critical at:
R((Not _ workllﬁ D), /(Workll”i ),.)=0,63—1
2.3 2,3 _
R((Not _worky;" 5 cus_spp)e (WOrkis” cys. cas—spp)ia) = 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.

™ Node properties: CS  level 3 O X

General | Definition | Observation Cost | Format | Documentation | User properties  Value I

Temporal probability distributions: @ 3 L)

Time 0 1 2 3 4 5 6
» | Work 0.81827724} 0.68502811 : 0.58650529 : 0.54021486 : 0.5070651 : 0.49060663 : 0.479184
[ ] Not_work = 0.18172276 : 0.31497189 : 0.41349471 : 0.45978514 | 0.4929349 : 0.50939337 : 0.520815

3 4 5 6 7 8 9

OK I OtmeHa

Figure 1. Opemti;g\ state and failure o}"the CS subsystem for failure risk
the input component of the SPP (.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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Anomauia. byno nposedeno Kinbka icpoux ceancig 3 pisHo0 KiIbKICIMIO 12po6ux
NepCOHAadICI8 Ha PI3HUX 3a PO3MIpOM Kapmax iepogoco ceimy. Ilpu nopisHauHi
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npooykmusnocmi mooeni baiNet 6 pi3HUX YMOBAX BUKOPUCMAHHA BUBUALACS
n0BediHKa IMYHHUX 00'ekmis, wo Gopmyoms NONYIAYil0 aumumin, i ix 6i0HOULIEeHH s
00 NesHOI KilbKOCMI KILACi8, NpeodcmasieHux Habopom aAHMU2eHis.

Knrouoei cnosa: imynni 06'ekmu, icpogi nepconaxci

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

CtpiMKuil pO3BUTOK 1H(POPMAIIMHUX TEXHOJIOTH MPU3BIB 10 MOSBU
HOBUX MOXKJIMBOCTEH ISl PO3POOHMKIB 1 BHJABIIIB ITPOBOTO MPOTPAMHOIO
3a0e3meueHns [1, 2]. 3aBasgku mboMy B 00J1aCTI pO3pOOKH ITPOBUX JTOJIATKIB
3’sIBUJIacs BENIMKA KUIBKICTh IaTdopM, IIa0JIOHIB PO3POOKU apXiTEKTypH
ITPOBHUX JIOJIaTKIB, a TaKOX CEPEIOBMII, IO JO3BOJAIOTH CHPOCTUTH 1
aBTOMAaTH3YBaTH MPOIEC PO3POOKHU irpOBOr0 MPOrpaMHOro 3a0e3neYeHH .

B tenepimniii yac mrydnuit iHTenekt (III) mmpoko BUKOPUCTOBYETHCS
B IrpoBif 1HIYCTpPIi 1 3aCTOCOBYETHCS JIJIi CTBOPECHHS CYINEPHHKIB TPaBII,
III0 € OCHOBOIO BCiX Bijmeoirop [3]. BakimBO CTBOPUTH IHTEICKTyaIbHY
MOJIeJIb KEpPYBaHHS ITPOBUMHM IMEPCOHAXKaMH, 100 IMITyBaTH IOBEIIHKY
rpaBIliB 0araTb0X KOPUCTYBALILKMX KOMIT FOTEPHUX 1TOp.

[rpoBuil 101aTOK, BUKOPUCTAHUN y poOOTi, MOJEIIOE (PYTypUCTUUHUIA
KOCMIYHUH CBIT, JIe TPaBELb B3a€MO/II€ 3 IHIIMMU MEPCOHAXKAMHU Y BIIIbHOMY
irpoBoMmy mpoctopi [4]. I'paBenp Kepye BIACHUM KOCMIYHUM KopaOiem,
AKHI MOXE IEepecyBaTUCS IO IMPOCTOpax IrpoBOrO CBITY, 3HAXOAWUTHU 1
100yBaTH ITPOBiI pecypcH, OOMIHIOBAaTHCS HUMH B TIEBHUX TOYKaX Ha KapTi
ITPOBOT0 CBITY JIISl PO3BUTKY BJIACHOTO KOpabisa. Ha xapTi irpoBoro cBiTy €
KUTbKa JIOKaIlii, JI¢ TpaBellb pa3oM 3 IHIIMMH IEPCOHAKAMU MOXKE
OOMiHIOBAaTHCS 310paHUMH pecypcaMu, PEMOHTYBAaTH CBiil KopaOemb 1
M1BUILIYBATH UOTO PIBEHB 1 XapaKTEPUCTHUKHU.

Jlana poOota cripsiMOBaHa Ha BUKOPUCTAHHS IMyHHUX METO/AIB 0OpOOKHU
iH(hopMaIIii Ta TPUHHATTA PIIICHh B ITPOBUX MPOCKTaX. 3ajady KepyBaHHS
MOBE/IIHKOIO TMEPCOHAXIB B ITPOBOMY IMPOTpaMHOMY 3a0€3MeueHH] MOXHa
BBaKaTH OKPEMHUM BHIAJAKOM 3ajadi Kiacuikaiii, s BUPIIICHHS SKOI
MIPOIOHYEThCA BHKOpHCTOBYBaTH InTy4yHl iMyHHI cuctemu (IIIC). Tomi
MOJXKJIMB1 BaplaHTH JAiil iIrpoBOro mepcoHaxa (GopMylOTh HaOIp KJaciB, sKi
npeactasieHi nonyssiieto antureHiB LIIC [5]. O3nakamMu kiacy € Kijgbka
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napaMmeTpiB, SKI MalOTh KOHKpeTHI (ikcoBaHi 3HadyeHHs. [lmsxom ix
KJIIOHYBaHHS, MyTaiii Ta B3aemojii 3 iHmmMMU nepcoHaxamu IIIC s
KO>KHOT'O OKPEMOTO TIEpCOHAKa BUOMPAETHCS TUIT TIOBEIHKH.

3a OCHOBY CTBOpPEHHS MOJEJ KEepyBaHHs TMOBEIIHKOIO TEPCOHAXIB Y
KOMIT FOTEpHHX 1rpax oOpaHo Mojaenb mTydHoi iMmyHHOI Mepexi aiNET, ska
3a3BUYAil BUKOPHCTOBYETHCS JUISI BHUpIMIEHHS TMpoOieM Kiacudikarii,
KJlacTepu3allii Ta po3mi3HaBaHHS 00Opa3iB. 3alpOIOHOBAHO MOAM(PIKOBAHY
Mozenb iMyHHOI Mepexi — behavioral aiINET (baiNET), sxa moxke Oytu
BUKOpUCTaHA JUIsl BUPINICHHA KOHKPETHOI MPaKTU4HOI 3amadi. Pobory
mozeni baiNET MokHa yMOBHO PO3AUINTH Ha JBA OCHOBHUX €TAIH:

1. Eran ¢opmyBanHa cneuu@iuyHOl IMYHHOI BIJNOBIAI  LUISIXOM
BIITBOPEHHS HAOOPY aHTUTEHIB, 0 BU3HAYAIOTh KJIACU MOBEIIHKU 1IPOBUX
NEPCOHAXKIB Y MPOLIECI TPEHYBAHHS IMYHITETY.

2. Etan Bu3HaueHHs 00’ €KTIB, 3 SIKUMU 111 aHTUTLIA OyIyTh B3a€EMOISATU
JUTsl peatizalili crenu@igyHoi MoBeAIHKA 00paHOTo KJIacy.

Peanizarist ux etamniB 3J1HCHIOETHCS IIUISIXOM MOCTIJOBHOTO BUKOHAHHS
BI/INOBITHUX IMYHHHUX OMNEPATOPIB.

[Iporpamua peanizaliisi iIrpoBOro NporpaMHoOro 3a0e3neueHHs] BUKOHAHA
Ha Unity 2017 3 Bukopuctanusm miatrpopmu .NET Ta MoBH
nporpamyBanHs C#.

[Iporpama peasizoBaHa Ha OCHOBI 3arajibHOTO apXITEKTYPHOTO MIA0IOHY
nporpamyBanas MVI.

Po3pobnennii irpoBuii J0MATOK € JOCUTHh CKJIQJHHM TIPOrpPaMHUM
3ac000M 1 YMOBHO PO3JIJICHMH Ha KUIbKAa OCHOBHHUX MOAYNIB 3 PI3HUM
(GYHKIIOHAJIBHUM MPU3HAYEHHSAM. Byno mpoBeieHo KijbKa ITPOBUX CEaHCIB
3 PI3HOI KUIBKICTIO ITPOBUX TIEPCOHAXKIB HAa PI3HUX 32 PO3MIPOM KapTax
irpoBoro cBity. [Ipu mopiBHSHHI TPOAYKTUBHOCTI Mozeni baiNet B pi3zHHX
YMOBax BHUKOPHCTaHHS BHBYAJIACS IIOBEAIHKA IMYHHMX OO0'€KTIB, IO
(GhOpMYIOTh TOMYNAIIID AHTUTIA, 1 iX BIJHOMIEHHS 10 TEBHOI KIIbKOCTI
KJIaciB, TIPEICTABICHUX HAOOPOM aHTHUTCHIB.

BaxnuBo Bij3HAuMTH, 10 3alpOIOHOBaHa Mojelb baiNet mpocra B
peanizalii Ta MoAUQIKaLii, 10 Ja€ MOKIIMBICTb HA/IaJl ii BUKOPUCTOBYBATH
JUIS KEpYBaHHS [IEPCOHAYKaMH B ITPax 1HIIMX XKaHPIB.
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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.

Anomauyia. Y cmammi po3zensioacmvci NUMAHHA —~ 3MEHUWIEHHS  NIOWi
MAHe8pYBaHHs 36UUAIIHO20 0OHO2BUHIMOBO20 CYOHA 34 PAXYHOK GUKOPUCMAHHS NpU
8U3HAYEHHI 3ac00i8 YNPasuiHHA YIMOUYHEHOI PO3PAXYHKOBOI CXeMU «YEHMP MANACIHHSL
— YeHmp 06epmaHts — MO4YKa HOBOPOM)».

Knrwuosi cnoea: beznexa cyoHoniascmea, onopHa moukd, yewmp nosopomy,

paﬁon MAHEBPYBAHHA, ABMOMANMU306AHA cCUucnema
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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 1s 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

R, =Ax+R, (1

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

A= Lo Vo (2)
2 nv.+V, ..

or in relative quantities
Av=Lfo L |- L i (3)
2 nVe+1) 2{nV.+1

where 5 = 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 p _ _ v,

(0]

z

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

e VoM, 1
T OF, b, (I+Ax)

or in relative quantities

g oM. 1 1 @)
OF, 0w, L’ (I+ Ax)

Equations (3) and (4) determine the dependence Ruit = f (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 2Xmid varies in a
much smaller range.
So, for the entire range of forward speeds, the pivot point position

relative to the middle frame i1s within Rmia =(0,25-0,4) and for the entire
range of reverse speeds, the pivot point position relative to the middle frame

iS Wlthln Rmid = (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 R, = f (I7x) 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. J[lana cmammsa npucesiuena aHanizy KOHKpemuux ¢hoKycis,
Hanpamkie ma ocoonusocmei Cmpamezii po36UMKY WIMYYHO20 [HMENLEKm) 8
Ykpaini.

Knrouoei cnosa: wmyunuii inmenexm, ChatGPT

Artificial mtelligence (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 Artificial 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 1mportant 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 oocnioocenni pozensoacmuvci 0emekmyeaHus He 3a 00NOMO20I0
cneyianizo8anux cucmem 3 Kamepamu UCOKOI po30iNbHOI 30amHocmi, a Ha 0a3i
300padicenv (homoepaghiti). /lane 0ocnioxHceH s CKOHYEeHmMposane Ha 0emeKmy8aHHi
HOWKOONCEHD OOPOIHCHLO20 NOKPUMMISL 34 OONOMO20K0 300PadiCeHb Ma OPIEHMOBAHe
Ha iX 6UKOPUCTNAHHS HA MOOLIbHUX NPUCMPOSIX.

Knrouosi cnosa: oemexmyeanti nOWKOOMCeHb 00POAHCHLO2O0 NOKPUMMS

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

3rigHo 3 pocimikeHHsMu a0 20% yciX JOpOXKHBO-TPAHCIIOPTHUX
MPUrO/I y BCbOMY CBITI BiJIOYBAaIOTHCS Yepe3 MOraHi TOpOKHI YMOBH, a came
yepe3 aedeKTH, 110 BUHUKAIOTh Ha achalbTOBOMY MOKPUTTI [1].

[lepeBaxkHy 4YacCTHHY TMOIIKOHKEHb JOPOXKHBOTO TOKPHUTTS MOXKJIMBO
BU3HAYWTHU Y€PE3 XapaKTEPHI Bi3yalibHI 03HAKH, TOMY IIs 3a7a4a € OKPEMUM
BUIMAJKOM 3ajJlaul JCTEKTyBaHHsA 00’€KTIB Ha 300paxxeHHi. TpeHaom
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CHOTOZICHHSI JIJISI JAHOTO KJIACy 3a/ad € BUKOPUCTAHHS METOMIB TJIMOOKOTO
HaBuyaHHA [2]. B 1OCHDKEHHI pO3TISIAEThCS JIETEKTYBaHHS HE 3a
JIOTIOMOTOI0  CTICTIIaTI30BaHUX CHUCTEM 3 KaMepaMH BHCOKOI PO3AUTBHOI
3MaTHOCTI, a Ha 0a3i 300paxkens (dororpadiit). Jlane AoCHIHKEHHS
CKOHIICHTPOBAHE Ha JIETEKTYBaHHI MOIIKO/KEHb JOPOKHBOTO MOKPUTTS 3a
JIOTIOMOT'0F0 300pa)KeHb Ta OPIEHTOBAHE Ha X BUKOPUCTAHHS Ha MOOLIHLHUX
OpUCTPOsiX. B sIKOCTI BXITHUX NaHUX AJIA TPEHYBaHHS MOJEIl 0OUpaIUCh
BUKJIFOUHO JaHi 3 BIAKPUTUM JIOCTYNOM. B pe3ynbpTaTi MpoBEAEHOr0 aHamizy
0yno oopano Road Damage Dataset 2020, sikuii BKIIto4a€e 300paxeHHs JOpir
BiJIpa3y 3 JAEKUIbKOX PI3HUX JIepKaB.

B nanomy nartaceri A0 KOXKHOTO 300pa’K€HHS JOJAETHCA aHOTAIlS 3
TUTIOM TIONMIKO/KEHHSI Ta MOro MICHEM 3HAXOMKEHHS Ha 300pakeHi (y
BUIJISI/II KOOPJAMHAT OOMEXYBAJIBHOI PAMKH).

B pamkax pgaHoro mociipkeHHsS Oyino TIpoaHaTi30BaHO JCKUIbKa
Cy4acHHX Ta TOMYISAPHUX MOJENed HEHMPOHHUX MEpexX, SKi CbOTOJHI
BUKOPUCTOBYIOTbCS JUII BHUPIIICHHS 3a7ad 3HAXOMKEHHS J1e(eKTiB
JIOPOXKHBOT'O TOKPUTTA. 3a pe3yabTaTaMH JOCHIDKEHHS Oyno HpUHHATO
pllIEHHS] BUKOPUCTOBYBATH MOJIENb HEMpOoHHUX Mepexx SSD MobileNet [3],
sKa J03BOJISIE 3 TOPIBHSHO HEBEIUKUMU 3aTPUMKAMHU Ta BHMOTaMU JI0
amapaTHOrO 3a0e3NeYeHHS 3HAXOAWTH Ta Kiacu]ikyBaTH O0’€KTH Ha
300pakeHHl. HaBuanus wopeneit mnpoBoawmitocs 3acobamu  TensorFlow
Object Detection API 3 miaTpuMKOIO anapaTHOr0 MPUCKOPEHHS 32 PaXyHOK
rpadiqHOro mpucKoproBaya, 1o marpumye textonorito Nvidia CUDA, ska
3HAYHO TPUCKOPIOE BUKOHAHHS MATPUYHHMX ONepalliid, TAKUX SK Oreparie
3roptku (convolution) ta 06’ eqHanHs (pooling).

Monens HelipoHHOI Mepexi Ha ocHOBI SSD MobileNet naBuamacs 3
nmouatkoBoro mBUAKICTIO 1| = 0.0033, koedimienTom 3atyxannas y = 0.95 ta
iTepartiero 3aBeprieHHs 3aryxaHHs ] = 9000. I'imepmapamerpu Mopeni
BUKOPHUCTOBYBAJIMCH Tl 3K CaMi, 1110 3aMpONoHOBaH1 0a30Bo0 Mozemo SDD
MobileNet y 30ipuuky moxeneir TensorFlow. B manomy Bumanky, s
(i1HAIHPHOTO HABYAaHHS THMYacOBE 30OUIBIICHHS IIBHUIKOCTI HAaBYAaHHS HE
BUKOPUCTOBYBAJACs, OCKIJIbKU MOMEPEIHI eKCIEPUMEHTH IOKa3alu TipIILy
CTYIIHb MOAAJIBIIOTO HAaBYaHHS MOJENI Ta 4YacTl PO30OLKHOCTI (yHKIIT
BUTpAT MpPU HABYAHHI. 32 pe3yJbTaTaMU HaBYaHHA OYyJO MPOBEAECHO OLIHKY
TOYHOCTI Mopeni. BusiBmiocs, mo mix yac TpenyBanHs Fl-mipa iHKOmH
nepeBuiyBana 3Ha4eHHa 0.5. Y cepenHbOMY MOKa3HHK MIpHU TPUMAaBCs Ha
3HaueHH1 0.42. Ha tecToBiii MHOXUHI cepeaHiil moka3HuK F1-mipu nocsras
0.3.
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Anomauin. Ilpononyemucs 3acmoco8ysantsi iHmeieKmyaibHo20 YAPAGIiHH ONls
VCYHEHHSI NogepxHesux Oeexmis npokamy 3a O0NOMO20I0 B00OCMPYMUHHOT
MexHON021i Ha OCHOBI padiaibHoi 6A3080i Mepedic, AKA OYIHIOE MPUBANICINb CUCHATY
Hanpyau, Kepyndoi mucKkom CmpymMeHio.
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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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Texnomnorist Bonoctpymunnoi o0pooku (Water Jet Technology, WJT) —
e BUPOOHUYMI MpOIEC, Y TKOMY BHUKOPHUCTOBYETHCS CTPYMIHb BOAM abo
pPO3UMHY TIiJI BHUCOKMM THCKOM, 1HOAI B TOE€IHAHHI 3 aOpa3MBHUM
Martepiaiom (Tiapoabpa3uBHa 00pOOKa), I OOpOOKH ITOBEPXOHBb abo
pi3aHHSA pi3HOMaHITHUX MatepiainiB. WJT MIUPOKO BHKOPHCTOBYETHCS B
METaI000pOOHIM, AaCpOKOCMIYHIM, aBTOMOOUIBbHIM Ta  €IEKTPOHHIN
MIPOMHUCITOBOCTI.

[lepeBaramu WIJT 00poOku € ii yHIBepcaJbHICTh Ta TOYHICTh. WIT
MOKe 00pOOJIATH MIMPOKUH Jiana30H MaTepialiB, BiJ METaTIB JI0 IJIACTHKA,
NpUYOMY 3a0€311e4yBaTh BUCOKY TOUHICTh PI13aHHSA 3 MIHIMAIbHUMU 30HAMU
BIUIMBY TeIUIa, 110 BUALISETHCA.

Ile € mepeBaror [uisi MaTepialiB, YyTJIMBUX 1O TEIUIa: MIHIMI3YIOThCS
pu3uku aedopMaliii Ta 3MiHU BIACTUBOCTEH Martepiany. Takoxk, Ha BiAMIHY
Bl TPaJMIIIMHUX METOAIB TEPMIYHOTO pi3aHHSA Ta MEXaHIYHOI O0OpOOKHU
noBepxoHb, WJT BHKIIIOUae yTBOPEHHSI HEOE3MEUHUX BUIIAPIB Ta BIJIXOIB,
10 pOOUTH HOT'O EKOJIOTTYHUM.

3acrocyBaHHs iHTeNeKkTyanbHOro ympasiminaa y WIT moxe cropustu
MIJIBUILIEHHIO ~ SIKOCTI ~ OPOAYKIi, MPOJYKTUBHOCTI, = TOYHOCTI  Ta
e eKTUBHOCTI TIpoliecy 00pOOKH, 3HIKEHHIO BUTPAT HAa CHEPTito, MaTepiaiu
Ta 00CITYyTrOBYBaHHSI.

[aTenektyanpHa cuctema ynpapmiaHgs WIJT wmoxke Oyru HaBueHa
pO3IMI3HABATH PIi3HI THNM OOPOOIIOBAaHWX MaTepiaiiB, MO0 JJI03BOJUTH
aBTOMATHUYHO HAJAIITOBYBATUCH /I ONTHUMAalbHOI OOpOOKM MartepiaiiB
PI3HMX THUIIIB.

Cucrema ympaBIiHHS YCYHEHHSM ITOBEPXHEBHX JAE(EKTIB CTaJIEBOrO
mpokaTty 3a gormomMororo WIT BogoCTpyMHHHOI TEXHOJIOTII € KOHBEEPOM
IHTENeKTyaIbHUX Momenei [1].

B 3amexxHocti Big HeWiTKOl Kimacudikaiii TOBIIMHH ACPEKTIB 3a iX
KOIbOPOM 3  ypaxXyBaHHSIM 3pOCTaHHS aOpa3WBHHUX BJIACTUBOCTEH
O00OpOTHOrO PO3YMHY 3 IUIMHOM Yacy , pajiadbHO - Oa3uCHa Mepexa
BHU3HA4Ya€ 3aBJaHHS HEOOX1THOro THUCKY po3uuHy npu WIT o0poOii 1o
(PBM) BepxHi cTajeBOro MpoKary.

Hactynna PBM oniHIO€ TpHUBalICTh CUTHANY KEPYKOUOi HANpyru JUis
BUKOHAHHS 3aBJaHb 3MIHM THUCKY I0Jauyl pPO3YUHY KpIi3b KHUKJIEpU
aHAJIOT1YHO PIIIEHHIO HAaBEIEHOMY B [2].

3anpornoHOBaHUi CIOCiO, Ha BiIMIHY BiJ MOIIMPEHHUX, BPAXOBYE 3MIHU
aOpa3uBHUX BJIACTHBOCTEH PO3UMHY 1 € MEPCIIEKTUBHOIO TEXHOJIOTIETO.
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Croci6 Moke OyTH BHKOPUCTAHO JUIsl PI3HUX BUIIB 1HTEIEKTYaJbHOI
WIJT 06pobku 3 BUKOpUCTAHHSIM a0pa3uBy:

- 3aKPYIJIEHHS TOCTPUX KpaiB;

- nTipyBaHHS Ta MOJIPYBAaHHS CKJIAJHUX ITOBEPXOHB;

- 3HATTS 33 JUPOK 1 OUUIIICHHS 3BAPHUX IIIBIB;

- MATOTOBKA MOBEPXOHb MOPCHKUX CYJIEH 10 HAHECEHHS TTOKPUTTS;

- BUJAJICHHS BIJIKJIaJICHb 3 KOpaOEIbHUX TBUHTIB, OETOHHUX ITOBEPXOHB;

- BUCOKOTOYHA BOJISIHA Pi3Ka METAJIiB.

Mana rabapuTHiCTh MoAenel 103Bossie peanizoBaTu pimenHs B 10T-
CTPYKTYpI 1HTEIEeKTyaldbHOI cucteMu ympaniinas WJT mpouiecamu pizaHHS
a00 00poOKM TOBEpXHI  MaTeplamiB Yy  BUINIAAL  OFOJKETHOrO
MIKpPOKOHTpOJIEpa.
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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

Anomauin. 3anpononosanuii nioxio modice Oymu GUKOPUCTNAHULL NPU BUDIULEHHT
3a0a4i  KOMMIEKCHOI Kiacughikayii Cynymuukié 3 yYpaxy8awmHam OLIbuoCmi
PI3HOPIOHUX O3HAK.

Knrouogi cnosa: komniexcua knacugixayis cynymHuxis

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 mput 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 1s 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 1s 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 mput
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.
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Anomauin. I[lpeocmasneni acnekmu 6U3HAYEHHS MEXAHIYHUX 61ACMUBOCMEN
2eononimMepie ma ix 83a€EMO038 530K yepe3 MeXawizm CMpPYKmMypoymeopeHHs Oyiu
NOKIadeHi 8 0CHO8Y noOy0osu mampuyi nepexioHux umosipHocmei. Becmanogneo,

wo o0b6pobka yiei mampuyi memooom po3paxyHky nanyroeie Mapkosa 00360/11€
BUBHAYUMU 3HAYEHHS 8A208UX KOeiyicHmIs.

Knrouosi cnosa: mampuyf nepexionux timosipnocmeit, 1anyioci Mapkosa
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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

MopentoBanHs  (I3UKO-MEXaHIYHUX 1 TEXHOJOTIYHUX BJIACTUBOCTEH
reornoyiMEPIB  MPOBOJWIOCH 3 BHUKOPUCTaHHSAM TIOpUAHOI peani3allii
OaraTokpuTepiadbHOI ONTUMI3alll Ta JaHIOriB MapkoBa.

[lpencraBneHo  BUpINIEHHS  aKTyajJbHOI  MPOOJIEMH  CY4acHOTrO
MaTepialo3HaBCTBA Ta OyIiBEIIBHOI raidy3i po3poOKH ONTUMAJIBHOTO CKIaTy
reornoyiiMepiB  Ha OCHOBI OOpOOKM eKCIEpUMEHTAJIbHUX JaHUX 3a
JIOTIOMOTOF0 JIAHITIOTiB MapkoBa Ta 0araToKpuTepiaJbHOTO aHai3Yy.

['eononimMepy 11e HOBMI Kiac OyIiBETbHUX MaTepialiB, MPU3HAYCHUX
JUTS 3aM1HU TIOPTJIAHIIIEMEHTY.

[IpakTuHe 3acToCcyBaHHS  pe3yiIbTaTIB  JOCHIIKEHbL 3  OI[IHKH
T'eONOIIMEPHUX CyMiIen 13 3aJaHUMU bi3uKo-MeXaHIYHUMU
BJIACTUBOCTSMM ~ OOMEXKYETHCA  EMIIPUYHUM  T1I00pOM CKJIay
T'COIMOIIMEPHUX KOMIIOHCHTIB Ta BCTAHOBJICHHSM JI1aITa30HIB X BapilOBaHHS
[1,2].

OCHOBHOIO OCOOJIMBICTIO TJIOOABHOI ONTUMI3AIlil U1 BCIX MapaMeTpiB
reornoyiiMepiB € BHUCOKAa OOYMCIIOBAbHA CKIIAQJIHICTh LUILOBUX (YHKIIH,
OCKUIBbKM JUIsl O1IBIIOCTI MPAaKTUUHUX 3a/1a4 ONTUMI3allii aHAIITHYHI BUPA3U
IrpaHUYHUX (PYHKIIA HEB1AOMI.

KonekTuBHE MNPUNHATTSA pILIEHbh HAa OCHOBI KUIBKICHHX 1 SIKICHHX
KPUTEPIiB € OCHOBHUM HAIPSIMKOM JOCII1/IKEHb.

['OpunHa Monenb MOYMHAETHCS SK CHCTEMA, SKa BUKOPUCTOBYE OIMH
aBTOHOMHHUM METOJ, 1 3aKIHUYETHCS SIK CHCTEMA, SIKa BUKOPHUCTOBYE 1HILIUH
METO/.

MeTtoro poOOTH € HE TUIbKU AOCHIIKEHHS (DI3UYHUX 1 TEXHOJOTTYHUX
napaMmeTpiB Pi3HUX T€OMOJIMEPHUX KOMIIO3MIIIM, ane i MOIEIOBAaHHS LIHUX
BJIACTUBOCTEW 3a JIOMOMOIrOK OaraToKpuTeplalibHOI ONTUMI3alli Ta
JAHIIOTIB MapkoBa.

B sikocTi MatepiaiiB Ay JOCIIKEHHS BUKOPUCTaHO (hi3WKO-MEXaHIvHI
Ta TEXHOJIOTIYHI BJIACTUBOCTI TEOMOJIMEPIB: iX KUIBKICHI 3HAYCHHS Ta
NPIOPUTETHI MMOBIPHOCTI OCHOBHHX XapaKTEPHUCTUK, SKI B KIHIIEBOMY
MiJICYMKY BHM3HAYalOTh BaroBHM CKJaJ KOMIOHEHTIB cymimi. HaBeneno
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TEXHOJIOTII0 BHUPOOHMIITBA TEOMOJIMEpIB, X pEIEeNnTypHi BIACTHBOCTI,
XIMIYHUM CKJIaJl 1 CTPYKTYpPY, SKI € OCHOBOIO BXigHOI iH(oOpmarii ans
JOCIIKEHHS (PI3MKO-MEXaHIYHUX Ta TEXHOJIOTTYHUX BIACTUBOCTCH.

[IpencraBieHi acmekTd BU3HAYEHHS MEXaHIYHUX  BJIACTHUBOCTEH
T'COMOIIMEPIB Ta 1X B3a€EMO3B’S30K YEpe3 MEXaHI3M CTPYKTYPOYTBOPEHHS
Oyiu TIOKJIa/IcHI B OCHOBY MOOY0OBH MATPHIIl IMEPEXiTHUX HMOBIPHOCTEH.

BcranoBneno, mo oO0poOka 1i€i MaTpuili METOAOM PO3PaXyHKY
JaHIIOTIB MapKkoBa J103BOJIsi€ BU3HAYUTH 3HAUYCHHS BaroBUX KOe(iIli€HTIB.

KoxHoMy craHy mapaMerpiB, MLI0 XapaKTepU3ylOTh 1H(POpMaLIiHy
CUTYaIlil0 BU3HAYEHHS MEXaHIYHMX BJIACTUBOCTEH TEOMONIMEPIB s
3a/laHOi pelenTypu iX MPUrOTYBaHHS, MPUIHCYETHCS MEBHA WMOBIPHICTH,
AKa 3alUCY€EThCA Y BUTJIAL JI1HIT MATPUILI CTaHy.

bnykanHs cuctemu Mo ii cTaHaX OMUCYETbCS MATPUIECIO 1HTEHCUBHOCTI
a00 Mepexo/IiB CUCTEMHU.

VY mponeci aHanmizy MaTpulll CTaHy BCl MOXJIMBI CTaHU IapaMeTpiB
NEePepaxoByOTbC 3 1X WMOBIPHOCTSIMH, TOOTO MM Ma€eMO CIIpaBy 3i
CTOXaCTHUYHOI0 MATPHULEIO MEPEXOAiB, HaOIp BEKTOPIB YCEPEOWHl SKOi
B1100paxka€ 3HaYEHHsI IMOBIPHOCTEN MIXK IpaJallisIMHU.

Ha ocHOBI pe3ynbTaTiB JaHIIOTiB MapkoBa Ta pe3ylbTaTy PO3paxyHKIB
METOaMH OaraTOKpHTEpialbHOI ONTHMI3amii MoOyI0BaHO KOHICHITYaJIbHY
Mozaenb TiOpumHOi  peamizamii  Ta oprpad B3aeEMOIH  OCHOBHHX
XapaKTEePUCTUK T€ONOIiMEpy B peaIbHOMY Yaci.
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KOH®IT'YPAIIIN
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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.

Anomauyia. /[ooamku, wo ompumyome npubymox 6i0 ONMUMAIbHUX EKIMOPHUX
iHopMmayitinux MexHONO02Il, 3ACHOBAHUX HA 0A2AMOBUMIDHIU KOMOIHAMOPHILL
meopii, 3ab6e3neuyroms MexHon02ii IHMeNIeKMyaIbH020 AHANI3Y OAHUX i 0OPOOKY
BENUKUX BEKMOPHUX OAHUX, AHAN3 OaHux i Oe3neky cucmemu, CMUCHEHHS ma
PDEKOHCMPYKYIIO CUSHANIG, BEeKMOPHI OOUUCNIeHHs ma meleKoMyHiKayii ma iHuii
2any3i HAyKu ma nepeoosi iHghopmayitiii mexHonoeil.

Knrouosi cnosa: inmenekmyanvna inghopmayiiina mexnonoeis, IRB, mopuuna
cucmema KOOpOuHam, 6eluKi OaHi, ONMUMANbHA BEKMOPHA CUCMEMA KOOYBAHHS
O0aHUx, Kamezopis, ampudym.

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 m; X m, covered surface of
usual torus with (0,0) common reference point.

m; - (010)

Figure 2. Two- dimensional (t=2) vector data coordinate system of
sizes m; 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 m; x
my =2x3, where m;=n—1=2, my=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  Category  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 (m;x my = 2% 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
“l110”, because {(1,0) +(0,1)}={1,1}(mod m;, mod my), 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 ColLiTec
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 npuceauena peanizayii yinet iHMeNeKmMyaibHo20 AHANI3Y
O0aHux, NO8’ A3aHUX 3 napamempamu KoHgicypayii acmponomiunoi 00pooKu nio uac
36epHeHHsl 00 KOHBeepa 00poOKu 300padxcens. Incmpymenm ThresHolds y pamkax
npoepamuozo 3abesneuenns ColLiTec Oyno ycniuino 6cmamno81eHO SK OCHOGHULL
KOHBeEp 00pOOKU ACMPOHOMIYHUX 300PANCEHb ) PIZHUX 00CEep8amopisx.

Knrwuosi cnoea: inmenexmyanvHuil ananiz OaHux, KOHecp 00OPOOKU, NOMIK
oanux, napamempu Kougpicypayii, 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 IoT 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: IoT for temperature control, software and hardware complex

Anomauin. Y ybomy 0ocniodxicenni po3ensioaromecs 080 npoonemu 8 po3pooyi
npucmpoio 1oT onsa xouwmponio memnepamypu ma MOHIMOPUHRY 38YK) 8CEPEOUHI
synuka.. Po3pobneno Houii docmynHuii NOpMAMUSHUU HNPOCPAMHO-ANAPAMHUL
KOMNIEKC 3 BUKOPUCMAHHAM aA8MOMAMuUYHO20 HALAumy8aHHs.
(aemonoMHO20/Mepednceso20) npu 3anycKy cucmemu.Beb-inmepgeiic mobinbHo20o
Kopucmysaya 6y8 po3poonenuil 0Jisk NIOMPUMKU RPULUHAMMA PIULEHb

Knrwuosi cnoea: loT ona xommpono memnepamypu, HpOSPAMHO-ANAPAMHUL
KOMNIEKC

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 (IoT) 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 WiF1 router is an optional device that connects ESP8266 NodeMCU
boards and the beekeeper’s Android smartphone. Thus, the basic price of the
kit 1s approx. USD 14, which is an affordable competitive level.
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Figure 1. System soft-/hardware structure

This study addresses two problems in the development of an [oT 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).

101



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

References

[1] Katumo D. M., Liang H., Ochola A.C., Lv M., Wang Q.-F., Yang C.-F.
Pollinator diversity benefits natural and agricultural ecosystems, environmental
health, and human welfare. Journal of Plant Diversity. 2022. Ne 44(5). P. 429-435.
[2] Electromania, Programming ESP8266 ESP-12E NodeMCU Using Arduino IDE.
2017. URL: www.instructables.com/Programming-ESP8266-ESP-12E-NodeMCU-
Using-Arduino-/

UDC 004.048

ASSESSING OF CLIMATE IMPACT ON WHEAT YIELD USING
MACHINE LEARNING TECHNIQUES

Dr.Sci. P. Hrytsiuk!0000-00023683-4766] 7 Babyych/0000-0001-6927-7313]
.Sci. P. , T. ,
S. Baranovsky!?000-0002-8056-29801 V[ Favryljuk!0000-0003-1149-625]
The National University of Water and Environmental Engineering, Ukraine
EMAIL: p.m.hrytsiuk@nuwm.edu.ua, , t.iu.babych@nuwm.edu.ua,
s.v.baranovskyi@nuwm.edu.ua, m.s.havryliuk@nuwm.edu.ua

OIIIHKA BILTUBY KJIMATY HA BPOKAHHICTD IMIIIEHUIII 3A
JOITIOMOI'OIO METOAUKN MAIHINMHHOT'O HABYHAHHA

Dr.Sci. II. I'pumiok, T. baduy, C. bapanoBcbkuii, M. I'aBpuiiok
1 Hayionanvhuii yHigepcumem 600H020 20CNO0ApCmMea ma iHiceHepii
npupoooxopucmysanus, Ykpaiuna

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. Y yvomy 0oxymenmi n'smes memoois, sUKOpUCmManux oisi nooyoosu
Mmooeni Oinapnoi knacugpikayii. Aunaniz pesynemamis kKiacughikayii noxaszas, ujo
Jco0en i3 memooie Kiacugikayii He mie nepedbavumu NpasuivbHUll pe3yibmam ¥
mpvox eunaokax i3 39 konmponvHux. Ceped npomecmosaHux Memooié MauluHHO20
HaguanHsa Hausuwy mounicme noxkazaiu LDA i GLM. Moodenv 0o36015€ 3a30ane2iob
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nepedoauumu  Maubymui  00X00u ma Modxce NIOMPUMYBAMU — ONMUMALbHI
IHBeCMUYIUHI MA MAPKEMUH208I PIULeHHS.
Knrwouoei cnosa: onmumanvhi ingecmuyiuni ma MapKemuH208i pilueHH sl

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

r,=a,+1a,. )
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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, —1r,. B

10,00
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

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 eps/
1s introduced.

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

{l,ifF(eps) <0.33;
epsl =

O,ifF(eps) >0.33. 3)
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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/ BE3IPOTOBOI NEPEJAYI 306PAKEHH 3
BUKOPUCTAHHSM HEHPOMEPE XK

Dr.Sci. B. Cimrocap, H. Bixyn
Lenmpanvruii Hayko8o-00CniOHuLl iHcmumym 030pPOEHHS MA BiliICbKOBOI MexXHIKU
30pounux cun Ykpainu, 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. Y yvomy O0oKymMeHmi NPONOHYEMbCA ONMUMI308AHUL NIOXIO O
nepeoavi 300padicenHs 3 0Ee3NNOMHUX JNIMANbHUX anapamis 3 SUKOPUCAHHAM
PO30LNIEHUX ABMOKOOEPI8 | Memo0i8 HA0BUCOKOI po30ibHOI 30amuocmi. Asmokodep,
posdinenuti mise BIIVIA ma nputimauem, cmuckae ma peKOHCMPYIOE 300PANHCEHHS,
3a0ua0dxcyodu eHepeio ma nponyckHy 30amuicms. Memoou Haosucoxoi po30inbHol
30amMHOCMI 3ACMOCOBYIOMbCS 8 NpulMadi 0ns 3anodicanHs empami AKOCMi 8i0
CMUCHEHHsl, NOKPAWYIOYU DPeKOHCMpYUosani 300padxcents. Kombinosanuii nioxio
nokpawye eghekmusHicms i AKicmb nepeoavi 300padceHHsl, NPONOHYIOUU 3HAUHI
B00CKOHANIEHHSI NPOCPAM OUCMAHYIUHO20 30HOYBAHHA MA MOHIMOPUHRY HA OCHOBI
BILIA.

Knrwouoei cnosa: BI1JIA, 6e30pomosi mepedici, kooep, dekodep, 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
recetving 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

Anomauin. 3a pe3yromamamu eKCNEPUMEHMAIbHO20 AHANIZY OMPUMAHO
napamempuiny Mooeib Ha OCHOBL CNOCMEPENCYBAHUX BXIOHUX | BUXIOHUX CUCHANIB.
Knrwouoei cnosa: napamempuuna mooeins, CyOHOBUU NAPOBULL KOMel

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
PI 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 PI controller were obtained:

0.65
5s+1

W(S) — e—O.Ss (1)

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 PMPa |
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Figure 1. Comparison of the NNN training process for determining SSB
object parameters on the "fuel consumption - steam pressure" channel: I-
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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FEATURES OF USING NEURAL NETWORK MODELS FOR
INTELLIGENT MANAGEMENT OF CONTINUOUS PROCESSES

Ph.D. N.Serdiuk, M. Volhust, O. Hasholok
Kharkiv National University of Radio Electronics, Ukraine

Anomauia. Poszensdacmocs  inmenekmyanvHe  ynpaeninHua — 6esnepepeHuMU
npoyecamu, 1020 OCHOBHI KOMNOHEHMU, d MAKONMC MOOeNi WMY4YHO020 IHMeNeKmy,
SAKI MOXMCYMb NPOSHO3Y8AMU NOBEOIHKY De3nepepeHUX NPoyecie.

Knrouosi cnosa: inmenexkmyanvhe ynpasninns, besnepepemi 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

[HTenekTyallbHE YOpPABIIHHSA € MIOIXOAOM 10 YIPABIIHHS, SIKE
BUKOPUCTOBYE METOJM 1 TEXHOJOII IITYYHOIO IHTENEKTY AJsl NPUHHSATTS
pillleHb 1 KepyBaHHS TIpollecaMM, SIKI TPUBAIOTH Oe3mepepBHO abo
NPaKTUYHO O€3 TMepepBH, 3 MIABUIIECHHSAM €(EKTUBHOCTI, 3HIKEHHSIM
BUTpPAT Ta JIOCATHEHHSIM OakKaHUX PEe3yJIbTaTIB.

112



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

OmgauM 13 OCHOBHMX KOMIIOHEHTIB TIPOIIECY I1HTEIEKTYaJIbHOTO
yhOpaBlliHHS € 301p JaHuX, J¢ I1HTeNeKTyallbHa cucTteMa 30upae naHi 3
IAaTYUKIB, JDKEpeN AaHUX, 0a3u JaHUX, [HTepHETY TOoIIO.

Jlami oTpuMaHni JaHi MiJIJAIOTBCSA aHAMI3Yy 3a JOIMOMOIOI0 aJITOPHUTMIB
MAaIIMHHOTO HaBYaHHSA Ta IHIIMX METOAIB INTYYHOrO I1HTEIEKTY, 00
oTpuMaTH 1HGOPMAIIIF0, 3PO3yMITH TTATEPHHU Ta TCH/ICHIIII.

Ha ocHoOBI aHanizy 1aHMX 1HTEJNEKTyajlbHA CUCTEMA IPUIMAE PIIICHHS.

Hactynuuii OCHOBHUII KOMIIOHEHT - II€ YIpaBliHHS. [HTeNeKTyajabHa
cUCTeMa BHUKOHYE YIPABIIHCHbKI Jii, BUKOHY€E PIIICHHS, KOHTPOJIOIOYH
NPOIIECH 1 CUCTEMHU, JUI IOCATHEHHs Oa)KaHUX pe3yabTaTiB.[HTeneKTyanbHa
crCTeMa MOXKE CTeXKHUTH 3a MapaMeTpaMu IpolEecy, JaTYNKaMH BUHOCY Ta
CTaHOM oOsiasiHaHHA. BoHa Mo)ke nependadyuTd MOXJIMBICTh MOJTaMKHA abo
3001 Ta momeperKaTh MPO TEXHIYHI MPOOJIEMH, IO JO3BOJSIOTH BYACHO
MIPOBECTH OOCTYTOBYBAHHS Ta 3aMO0ITTH BUPOOHUYNM 3aTPHUMKAaM.

JJis 1HTEeNeKTyalbHOTO YIPaBIiHHS O€3MePEPBHUMHU MIPOIIECAMHU MOXKYTh
BUKOPUCTOBYBATUCS PI3HI MO INTYYHOrO 1HTENEKTY, SKi 3JaTHI
aHaNli3yBaTH JaHi, 3HAXOAUTH IIa0JOHW, MpHIMATH pIIICHHS Ta
IIPOrHO3YBATH MOBEMIHKY mpoleciB. OnHa 3 HAWNOTYKHIMIMX MOAENeH
ITYIHOTO 1HTEJICKTY - HSUPOHHI MEpEexi, sIKl 3/1aTHI BUMTUCS HA TIPUKIIAIaX
1 3HAXOAUTHCS B CKIAJHUX BIJHOCHHAX MDK JaHUMHU. PexypeHTH1 HeWpoHHI
MEpeXl BHUKOPHUCTOBYIOTH JUISI aHA3y Ta OOpOOKM JaHWX, SKi
3YCTpI4alOThCs B O€3MEPEPBHUX MPOIlEcax.

Boun  wmaroTh  3maTHICTH  30epiraTd MoOmepedHi  CTaHM — Ta
BUKOPUCTOBYBATU iX Il OOpOOKH HOBUX BXIJHUX JaHHMX, IO POOUTH iX
ePEKTUBHUMH ISl pOOOTH 3 YACOBUMH PSI/IaMHU.

BupobHui mporiecn 9acTo MarOTh TEMIOPAIbHUN 3B 30K, SKI MOXKYTh
OyTH MPOTrHO30BaHI 3 BUKOPUCTAHHSAM TEMIIOPAJTIbHUX MOJECIIEH, SIKI € dyKe
MOTY)KHUM 1HCTPYMEHTOM ISl 1HTEICKTYaJIbHOTO YIPABIIHHS, OCKUIBKA
3a0€3MeuyroTh aHaji3 1 MPOrHO3YBaHHS 3MIH Y 4Yaci, 110 € KPUTHUYHUM JUIS
Oarathox Oe3rnepepBHUX TporieciB [1].

VY cyTo BUpOOHMYMX Tpolecax HeHpoMepeki MOXKYTh OyTH 3aCTOCOBaH1
JUIsl aBTOMAaTH3allli, KOHTPOJI0, ONTUMI3AIli Ta MiABUILECHHS €()EKTUBHOCTI
i MPOIIECiB.

OxkpiM 3a3HAYEHUX BHILE HEHPOMEPEXK [UIsi BUPOOHMYMX IPOLIECIB
BUKOPUCTOBYIOTbCS TaKOK MEpexXi 3 pajaiaJbHUM 0a3ucoMm VIS
arpoKCUMalii CKJIagHuX (YyHKIiH, ampokcuMariii JaHUX Ta 3JIHCHCHHS
NPOTHO3YBaHHS Yy BHUpOOHWYMX mTpomecax [2]. Takoxk mnommpeHuM
CIICHAapi€EM € BHUKOPHUCTaHHS KOHBONIOIIMHMX HEHpOHHHX Mepexi. Bonu
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MOXYTh OyTHM BHUKOPHCTaHI JUIsl BI3yaJIbHOTO KOHTPOJIO, BHSIBICHHS
nedekTiB Ha BUpoOax, aHami3y 300pakeHb TOIIIO.

[HTenekTyanbHe YHpPaBIiHHS € OAHIEI0 3 KIIOYOBUX TEXHOJOTIH, sKa
MOKE JIOTOMOTTH BHUPIIIMTH CKJIaJHI 3aBAaHHS Ta ONTHMI3YBAaTH PECYpCH
JUIS JOCSTHEHHS MOCTAaBJICHUX I[IeH. 3aCTOCYBaHHA KOHKPETHHX MOJIENEH
IMTYYHOTO 1HTEJICKTY B IHTEJIEKTYaJbHOMY YIpaBIiHHI Oe3mepepBHUMU
NpOoIecCaMy 3aJICKUTh BiJl XapaKTEPUCTHK JTaHUX, 3aBIaHb YIPABIiHHS Ta
KOHTEKCTY 3aCTOCYBaHHSI.
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OTPUMAHHS ACTPOHOMIYHUX METAJAHUX 3 ®AJIOB
FITS 3A JOITIOMOI'OIO TELESCOPE TOOL
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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.

Anomauin. Cmamms npucesuena peanizayii nioxooy iHMeNeKMyaibHO20
aHanizy OaHux wooo Memaodanux acmpoHOMIYHUX atinie i3 éenuxux apxieig. Koowcen
ACMpOHOMINHULL  (hatil  MAE  3A2ANbHONPULHAMY CMPYKMYpPY, AKA  MICMUmb
cneyianvHuil  popmam  memaoanux. Taki memaoani micmams  HeOOXIOHY
aAcmpoOHOMIYHY THGOpMayito, KA HeoOXIOHA Od HANEHCHO20 30epieanHs, aHanizy
oanux, 00pobKu, awnanizy nio uac oocnioxcents. Incmpymenm Telescope 6y8
PpOo3pobReHuti nio yac docnioxcensv y pamkax npoekmy ColLiTec i npomecmosanuii 3
aAcmpoHOMIYHUMU (patiiamu 3 KIIbKOX apxieie y pisHux obcepsamopisnx. Takoowc
npozpamue 3abeznevenns Telescope 6yno ycniuHo 8npoeadiceno ma 6CMAHOBIEHO
Ha KOHBEEPax 0OpOOKU ACMPOHOMIYHUX 300padCeHb Y Makux 00cepeamopisx.

Knrouosi cnosa: inmenekmyanvhuti ananiz 0aHux, 6eiuxi 0ami, memaoaui, 6aza
O0anux, KOH8eep 0OPOOKU.

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.

116



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

References
[1] Pence W., Chiappetti L., Page C., Shaw R., Stobie E., Definition of the flexible
image transport system (fits), version 3.0. Astronomy & Astrophysics, vol. 524, A42.
(2010). doi: 10.1051/0004-6361/201015362.
[2] Khlamov S., Savanevych V., Big astronomical datasets and discovery of new
celestial bodies in the Solar System in automated mode by the CoLiTec software.
Knowledge Discovery in Big Data from Astronomy and Earth Observation,
Astrogeoinformatics: Elsevier, pp. 331-345. (2020). doi: 10.1016/B978-0-12-
819154-5.00030-8.
[3] Khlamov S., et al., Data Mining of the Astronomical Images by the CoLiTec
Software. CEUR Workshop Proceedings, vol. 3171, pp. 1043—-1055. (2022).
[4] Luo Q., Advancing knowledge discovery and data mining. First International
Workshop on Knowledge Discovery and Data Mining (WKDD 2008), IEEE, pp. 3-
5.(2008). doi: 10.1109/WKDD.2008.153.

YK 004.048

CUCTEMA NPOTI'HO3YBAHHSA PIHAHCOBUX YACOBUX
PSIB HA OCHOBI BUKOPUCTAHHSA HEHPOHHUX MEPEX

H. IHBCI[OBI[0000'4322'1819'9633], Ph.D. 1. mHiHapeBal[0000-2389-1163-7267] ,
Ph.D. M. PyI[Hi‘leHKOI[0000'0002'7343'8076]

'Hayionanonuii ynisepcumem «Odecoka nonimexuixay, Yxpaina,
EMAIL: denoutofspace@gmail.com, irinashpinareva@gmail.com

SYSTEM FOR FORECASTING FINANCIAL TIME SERIES BASED
ON USING NEURAL NETWORKS

D. Shvedov, Ph.D. I. Shpinareva, Ph.D. M. Rudnichenko
Odessa Polytechnic National University, Ukraine
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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.

CydacHi iHpopMaIiitHi TEXHONIOTii 1 3aco0M 3B'SA3KY JO3BOJSIOTH
MPOAABIAM 1 TIOKYIIISAM aKIM 3YCTPITHCS Ha €IEKTPOHHUX TOPTOBEIBHUX
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Maiiganunkax. [li ’k TexHojorii MpU3BOAATH A0 3HAYHOTO 3POCTAHHS
KUIBKOCT1 TIOMAiM, 10 BiAOyBAalOTHCS B JCSIKY OJUHMIKO Yacy B Tally3l
enektpoHHoi TopriBmi [1]. Taki macuBu iH(popmarlli, a TakoX 3arajabHa
CKJIIAHICTh M€l 00acTi 3pOo0HIN SBHOIO HEOOXITHICTh CTBOPEHHS CHCTEM,
10 3aliMalOThCs TOPTiBIEO. 3aCTOCYBAHHA WITYYHHX HEMPOHHHUX MEpex
(ITHM) B sIKOCTI AOTIOBHEHHS Ja€ YHIKAJIbHY MOXJIMBICTh 00'€THATH 11 JIBa
Meronau. Takuwii aHami3, Ha BIAMIHY BIJ TEXHIYHOTO, HE Ma€ HISKHX
oOMeXxeHb 10 Xapakrepy BXinHOI 1H(opmarii. 11 TpOrHo3yBaHHS
(1HaHCOBUX YAaCOBUX PSAIB MOXIJIMBE BHUKOPUCTAHHS OaraTtomapoBuX
nepcenTpoHoB [2]. BukopuctaHHs Mepex 13 3BOPOTHUMM 3B'S3KaMU B
JaHOMY BHIAJKy HEAOULIBHO B 3B'SI3KYy 3 TPYAHOLIAMU HAaBYAHHS TaKUX
MEpEX 1 HEAKTYaJIbHICTIO OCHOBHHUI XapaKTEPUCTUKHU MEPEXK 13 3BOPOTHUMU
3B'I3KaMU - KOPOTKOCTPOKOBOI MaM'sITl.

VY po3pobinieHiii cuctemi mpu opraHizaiii mporiecy HaBuaHHa [IITHM,
OpU3HAYEHUX  JUII  [POrHO3YBaHHS  (DIHAHCOBUX  YacOBUX  PSIB,
BUKOPUCTOBYIOTh HACTyHnHHMH miaxi. HasBHI mpuknaau po30MBarOThbCA Ha
TpU BHUOIPKM: HaBuYajbHYy, BajigamiiiHi 1 TectoBy. HaBuanbHa BHOIpKa
NpU3HAYEHA [Js MiACTPOIOBAHHS CHUHANTHYHUX KOE(QILIEHTIB HEWPOHHUX
MEpeX 3 METOI0 MiHIMI3aIlii MOMHJIKM Ha BHUXOII Mepexi. BamimamiiiHa
BUOIpKa BUKOPUCTOBYETHCS JUIsl BUOOPY HAMKpaluX 3 JAEKUIbKOX HaBUEHUX
Mepex Ta Uil BU3HAaYEHHS MOMEHTY 3YIIMHKM HaB4aHHA. TecToBa BHOIpKa,
sgKa HE BUKOPUCTOBYBaJlacsi y MpOIlleCl HaBYaHHS, BUKOPUCTOBYETHCS IS
KOHTPOJIIO SIKOCTI MPOTrHO3yBaHHA. {11 BUOOpY PUHKOBOI MO3UIIT HaJilHE
BU3HAYECHHA  3HaKa Kypcy  OUIbII  BaXIMBO, HDK  3HIDKEHHS
CepeIHbOKBAIPATUYHOr O BiAXuieHHs. [loMuika Mepexi npeacTaBiaseTbCs y
BT (YHKINT BiJl CHHANITHIHUX KOS(DIIIEHTIB 1 MIHIMI3YETHCS OTHUM 3

rpajileHTHUX METO/IiB. Tpanuiiino BUKOPHUCTOBYIOTh
CepeIHbOKBAIPAaTUYHY MOMMJIKY (ITIZICYMOBYBAHHS IO BC1X BUXO/IaX).
1 >
EZEZ(yt_dt) ’ (1)

1€ y — BUX1]1 HeHpOHHOI Mepexi, d - GakaHe 3HAUEHHSI BUXOY.

MeToro  BUKOPUCTAaHHS NPOMNOHOBAHOI CUCTEMH  IPOTHO3YBaHHS
(d1HaHCOBUX pAIIB € OTpUMaHHS 1 MakcuMmizaliss npuOytky. Ilomumiky E
YCEPEOHIOITh M0 BCIX MPHUKIAAax HaBYaJIbHOI BHOIpKM, 1 OTpUMaHe
3HAYEHHS  BUKOPHUCTOBYETHCS  JUISl  MIJCTPOIOBAHHS ~ CUHANTHYHUX
koedimienTiB. CpsAMOBaHICTh TMPOTHO3Y 1 ICTUHHOTO 3HAYECHHS BUPaKEHA
HACTYITHOIO (DYHKITI€IO
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E=—In[l+ yd] )
Ha 6a3i Keras peanizyemo Hactynny apxitektypy LLIHM: Bxiguuii map 3
30 nHeilpoHamu (JOBXXKHMHA HAIIOrO BIKHA), MEPIIXN MPUXOBAHMUN IIap 3 64
Heilponamu, micins Hboro BatchNormalization B 3B's3ky 3 eddexTiHBU
3aCTOCYBAaHHSI MPAKTHYHO IJIs1 OyAb-sKMX 0OaraTrolmapoBUX MEpExX, MOTIM
axktuBamiiiHa QyHkimis LeakyReLU. Ha Buxomi po3micTumMo oauH HEWpOH
(mBa mnsa kmacugikarii), SIKUA B 3aJIEKHOCTI Bij 3aBAaHHs (Kiacudikarlis
abo perpecis) Oyae abo matu softmax Ha Buxo0i, 200 3aMUIIUMO HOTO O€3
HETIHIMHOCTI, 1100 MaTH MOKJIUBICTh IPOrHO3YBATH Oy Ib-SIKE 3HAUCHHSI.
BucnoBkn. HaBenmena cucrema J103BONIsIE  peanizyBaTu  0a30B1
MOXJMBOCTI 3 moOynoBu Ta HauanHs IIIHM pansa npornozyBanHs
(1HaHCOBUX YaCOBUX PAIIB B aBTOMATU30BAHOMY PEKUMI.
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FACE DETECTION METHODS IN VIDEO
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Anomauin. Pozensnymu memoou susenenus 06'ekmis y sioeogpaiinax H.264 ma
3anponoHOBAHO Memoo BUABILEHHS 00IUY 3a OONOMO2010 HeuporHOoi mepedici SSD ma
BEKMOpI& pyXy 3 HEKIOYO8UX KAOPI6 3 BUKOPUCMAHHAM Nepeaz CMUCHYMUX
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gideonocnioogHocmen. 3iCMAGNeHHs GUABLEHUX [ 6Jce BGIOCMENCAHUX PAMOK
00'exmi6 8UKOHYEMBCA 3a OONOMO20I0 Y20pCbKo2o anzopummy. Ilpu mecmysanms
aneopummy AP docsaeae 82.5% .

Knrouoei cnosea: memoou eussnenns o6'ckmie, memoou 2iuboKo2o0 HAGYAHMHS,
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.

BusiBnennst 00’ €kTiB € (yHIaMEHTaJIbHOIO MPOOJIEMOI0 KOMI FOTEPHOT O
30py 1 Ma€ MIUPOKUNA CTIEKTP 3aCTOCYBaHb.

BusiBnenns o6nuuus roauHu 3 ¢otorpadii 10CsATIIo 3HAYHOTO TIPOrpecy
Ha OCHOBI NIMOOKOI0 HaBYaHHSI.

OmHak y BUINIAQAKY BUSBIEGHHS  B1/1Ie000’€KTiB,  Oe3mocepeaHe
3aCTOCYBAaHHS JIETEKTOPIB 00’ €KTIB HEPYXOMOI'O 300pa’KEHHS 10 KOXKHOTO
OKPEMOTO BIJICOKAJIPy CIPUYUHSAE HAJJTUIIIKOBI OOYMCITIOBAILHI BUTPATH Ta
BUMAara€ TMoOCTOOPOOKM JiJIS OTPUMAHHS THUMYACOBOIO KOHTEKCTY JIJIsi
OUIBIIIOT TOYHOCT1 BUSIBJICHHS.

Tomy nyxe BaxIMBO 3a0€3MeUuTH €PEKTUBHI METOAM BUSBIICHHS
00NMYYs Ta BIACTEKEHHS Yy pEalIbHUX B1JICOMOCIIJOBHOCTAX 13 CKIIQJHUMU
CIICHAMH.

Jlns  BuUSABIEHHS BiAC000'€KTIB BHKOPHUCTOBYIOTH PI3HI  METOIU
3aXOIUICHHS  TPOCTOPOBO-YACOBHX  BIAHOCHH, SKI TOBHOK  MIpPOIO
BpPaxOBYIOTh XapaKTEPUCTUKH BiJI€O.

HaiiGinpm monyssipHIMH € METOIW TIIMOOKOro HaB4aHHS. BusBieHHs
B1/I€000'€KTIB JIAaHUMHU METOJaMU JI0JIAl0Th HEAOMIKM TpaauuiiHux [1]
METO/IB, TaKl SK HHU3bKAa TOYHICTh Ta HEMOCTATHS CTIMKICTh JO JHKEpen
mymy. Ha ocHOBI BHKOpHCTaHHS THMYacoBOi iH(opmarii Ta arperamii
O3HaK, BWJIYyYEHUX 13 BiJleoparMeHTiB, JECTEKTOPH BiJ€O000'€KTIB MOXKHA
PO3I1TUTH Ha TIOTOKOBI [2], 3acHoBaH1 Ha LSTM [3], Ha ocHOBI yBaru [4] ,
Ha OCHOBI BIICTS)KCHHS [5] Ta 1HIIMX METO/IIB.

AJie TOJOBHHMM JOCSATHEHHSIM METOJIB 3aCHOBAHMX Ha BIJICTEKCHHS, Ha
BIIMIHY 1HIIUX TPYIl METOAIB BUSIBJIEHHS 00'€KTIB, € POKYC Ha BIACTEKEHHS
00'€KTIB y BiZIcO, a YU HE TMOJINIICHHS IOKAJPOBOIO BHUSBIICHHS, IO
norpedye 6arato 0OUHUCIIOBAIIBHUX PECYPCIB.
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B poGoti 3anpornoHoBaHO BUKOPUCTAHHSI METO/Y PO3Mi3HABAHHSA OOJIWY
B B1/ICOMOCIIOBHOCTI Ha OCHOBI KaCKaJHOI CTPYKTYpU HEHPOHHOI Mepexi
SSD 3 monepenHs0 MiArOTOBIEHUMHU BaroBUMHU KoedilieHTaMu Ha Habopi
manux WIDER FACE.

OOpana HeWpOHHA Mepeka BHUSBIISIE O3HAKM 00’€KTa Ha JIEKOJOBAHOMY
kaapi. Jlaml BimcTeXyBaHHI 00’ €KTI 3ICTaBIISIOTHCS 3 HOBOBHSIBICHUMU.
3icTaBieHHs BHUKOHYETBHCS 3a JIONIOMOTOK) YrOPCBKOTO — allTOPHUTMY,
3actocoBaHoro o Marpuili loU yciXx MOXIJIMBHUX Map paMoK.

SIKII0 K 111e He IPOMIIIOB 3a3HAYEHUI 1HTEPBAN 3 OCTAHHLOT'O BHUSIBICHHS
00'exTiB, BIOOYBA€ThCA 3MIUICHHS BXKE€ BIJCTEKYBAHMX paMOK 3a
JOIIOMOr o0 1H(pOpMAaIlil 0 BEKTOpaxX pyxy 3 HEKIIOUOBUX KaJpIB.

Takum yuHOM, OTpUMYEThCs 1H(OpMaIis O 3MillleHl 00’ €KTIB, ane 0e3
BUKOPUCTaHHS 3TOPTKOBUX MEpEX Ha KOXKHOMY 3 KaJpiB, LIO 1CTOTHO
3MEHIIY€E KUTbKICTh OOYUCITIOBAIbHUX BUTPAT.

3anporoHOBaHUN METOJI BUSIBJIICHHS 00JIMY Ma€ JIBI OCHOBHI TMEpPEBary:

- 3HAYHO TPHUCKOPIOE TPOILENYyPY OTPUMAHHS O3HAK JUII CTUCHYTOI
BiJICOTIOCTIJOBHOCTI: TOBHA MEPEXY pO3IMi3HABAaHHSI BUKOPUCTOBYETHCS 3
MIEBHUM IHTEPBAJIOM MIX KaJpaMu, a JJis BCIX I1HIIMX KaJpiB 3ajisiHUAN
MeXaHI13M BIJICTeKEHHS Ha OCHOBI 1H(OpMaIIi PO BEKTOPH PYXY;

- Ha BIIMIHY BIJI ICHYFOUHX METO/IB, III0 CTBOPIOIOTH JOJATKOBY MEPEKY
JUTSI MOJICTIOBAHHS PYXYy KaJpiB, BUKOPHUCTAHO BCI IEPEBAaru BEKTOPIB PyXy
BUIBHO JIOCTYITHUX y CTUCHYTHX B1JI€OMOCII1IOBHOCTSIX.

[Insaxom Moaudikalii 00paHOr0 METOY BHUSIBICHHS O0JIMY B CTUCHYTIN
B1JICOIOCIIIIOBHOCTI JIOCATHYTO HaOUIbmoro 3HadeHHs AP — 82.5%.
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SOFTWARE APPLICATION FOR PREDICTING THE RESULTS
OF PROGRAMMING COMPETITIONS
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Annomauin. Y pooomi nageoeno po3pooKy cmpyKmypu npocpamHo2o 000amKy
O0J151 BUKOHAHHS NPOCHO3I8 3i 3MA2AHb 3 NPOSPAMYBAHHSL.
Knrouosi cnosa: npocnozysants, cnopmune npoepamy8anHs.

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

B nanuii yac Bce OibII aKTyaJbHUMH CTaIOTh HAPSIMKH BUKOPUCTaHHS
METOMIB Ta TEXHOJOTIM ITYYHOT'0 1HTEICKTY JIJI BHUPIIICHHS MPUKIIATHAX
3aBJaHb 3 METOI0 aBTOMAaTh3alli aHaJIITHYHUX Ta OOYHUCITIOBAIBHUX
MIPoIIeCiB 3 OOPOOKM Ta aHaM3y JAaHuXx [1].

3aBAsSKA BHUCOKOMY IMOTEHI[laly HHU3KM CYYaCHUX 1HTEJIEKTyaJbHUX
METO/IB aHaTI3y JaHUX, 30KpeMa METO/IIB MAIIMHHOTO HABYAHHS, CTaBaTH
MOXJIMBUM BHPIIIEHHS 3aBJaHb MPOrHO3YBAaHHS 3aJlaHUX MapaMeTpiB,
XapaKTEepUCTUK a00 TIOKA3HUKIB JIFOJACHKOI JISUIBHOCTI. Y 3B'SI3KY 3
HEOOXIJTHICTIO aHali3y JaHWX 3 pI3HUX KOMaHJI, M0 Yy CIOPTUBHOMY
MpOorpaMyBaHHI 3 METOIO OLIHKHM TMOTEHIIally YYaCHUKIB, BUHUKAE MOTpeda
y BHKOPHCTaHHI METOJIB 1HTEJIEKTYyaJbHOIr0 aHaiizy iHdopmarili, mo Oymae
PO3MISIHYTO y MEXKax J1aHoi podotu [2,3].

[IpoekT, 1110 po3pOOASETHCS, € KIIEHTCHKUM JIECKTOMHUM J0AATKOM, IO
CKIaAa€Thead 3 psiny (QYHKUIOHAIBHUX MOJYJIB, Y TOMY YHCII: MOAYJb
IMIIOPTY Ta OOpOOKM [aHWX; MOIYJb BIIOOpPaXEHHA JaHUX; MOIYJIb
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KoHiryparii Ta moOyI0BH MOJIENE; MOIYIb Bi3yali3alli rpadikiB OLIHKA
MOJIeJIeil; MOMlyJIb MPOTHO3YBaHHS JaHUX Ha 0a3i OJiepKaHUX MOJIEIICH.

Jlis CTPYKTYpHOTO Bi10OpaskeHHs 3aJI€KHOCTEH y MpoIleci 3amycKy Ta
BUKOPUCTaHHS MpPOTrpaMu pPO3poO0JIEHO JiarpaMy pO3TOpTaHHS Mporpamu,
HaBeJieHy Ha puc. 1.

User PC
Tensorflow PyQt |
Python
3.7 Skileam
Project

PyCharm §\ NumPy

]

QtDesigner
Fandas Matplotiib

Pucynok 1. /liacpama pozecopmanns cucmemu

KopuctyBau Mae MOXIJIMBOCTI IMIOPTY AAaHMX, HEpErjisay NaHuX Y
TaOJIMYHOMY BWTJIS/I, BBEJACHHS IPOIOPIli TECTOBOI MHOXHHH, BBEICHHS
3HaueHb TiNepHapaMmeTpiB MOJENIeH perpecii, BHUIAAKOBOrO JiCy Ta
HEMpoMepexKi, 3alycKy MpoIeCcy HaBYaHHs MOJIENEH, Meperysi Pe3y/IbTaTiB
pobotu Mozenen, moOyAoBH Ta meperasny rpadikiB OLIHOK MpOIECy
HAaBUaHHS Mojeieil Ta 30epeXeHHA iX y BUIVIAAI TpaiuHux (Qaiiiis;
3/1MCHEHHS BBEICHHS JaHUX JUIsl MOOYJOBU MPOTHO3Y 3 BUJAYEIO BIJCOTKA
NepeMoru 3a KOXHOK0 13 CTBOpeHMX Mozened. Bcei  3anexHoCTI
HIAKITIOYAI0TBCS 10 MPOEKTY, L0 3amyckaeTrbes y cepeaoBuuli PyCharm y
BHUTJISAAI 010J110TEK, JOJATKOBO BHKOPHUCTOBYEThCS 30BHI mporpama QT
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Designer st ctBopeHHsT po3MiTkH iHTepdeiicy. CkiagaHHs 31HCHIOETHCS
3aco0aMM Cepe/loBUINAa PO3pOOKH 0€3 BUKOPUCTAHHS JOJATKOBHX IUIAT1HIB
Ta KOMIOHYBaJbHHKIB. JlJI1 /I0NAaTKOBOrO yrpymoOBaHHS €JIEMEHTIB
VOPaBIIHHA IPOIECOM OOpOOKH JTaHMX BHKOPHUCTOBYIOTHCS KOHTCHHEPH
groupBox, 10 [103BOJIsI€E CTBOPUTH 3B'S3HICTh OCHOBHUX HaJlallITyBaHb
aTpuOYyTIB, 110 BIIMOBIIAIOTH BKJIAJICHUM BlJKETaM.

BucnoBku. Po3pobnieHuidd  mporpamMHuUB  AOAATOK  MOXe  OyTu
BUKOPHUCTAHO JUIsi OTPUMAaHHS OPIEHTOBHUX MPOTHO31B MEPEMOr YYHIB Yy
MPOBEICHUX ONIMITIaIax Ta KOHKypcax 3 MporpaMmyBaHHS.
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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. VYV  cmammi  HagedeHO  pe3yibmamu  po3pOOKU  MOOeii
0iacHoCMY8anHs CYOHOBOI CKAAOHOI MEeXHIYHOI cucmemu 3 HenOGHUMU OAHUMU MA il
peanizayii 6 IHMENeKMYAIbHIL CUCMeMi OYIHKU PU3UKY 8i0MO8 Niocucmem,
KOMNOHEHMIB, MIJNCKOMNOHEHMHUX 36 S13Ki6, WO 00360JA€ OMPUMAMU aNpiOpHY
iHhopmayito npo mexHiuHull Cman CKIaoHoi cucmemu. Buznaueno euou mexuiunoeo
cmany niocucmem, KOMNOHEHMIB, MINCKOMIOHEHMHUX 36 A3Ki6 HA  OCHOBI
O0IA2HOCMUYHUX O3HAK CKIAOHOI cucmemu Ha NPukiadi CYOHOB0I eHepeemudHoi
VCMAHOBKU Ol OYIHKU PU3UKY iX 8i10M08. [IpocHO3y8aHHs muny mexHiuHo20 CIMaHy
CKNAOHOI mexHiunoi cucmemu OY10 30iliICHEHO 3a OONOMO20I0 ANOCMEPUOPHO2O
BUCHOBKY 6 Oaueciecokux Mepedxcax 6ipyéanb. Moodenv OdiacHocmuxku ma
NPOCHO3YBAHHS PUSUKY B8IOMO8 Niocucmem, KOMHOHEHMIB, 63AEMO38 A3Ki6 MOJNCHA
po3enaoamu K KOHYEnmyaibHy MOoO0enb IHMeNeKmyaibHoi cucmemu Oia2HOCMUKU
ma NpoOSHO3YBAHHA DPUUKY GIOMOG CKIAOHUX MEXHIYHUX CUCMeM HA MepediCeaux
iHpacmpykmypax, aKa mae 6iOHOCHY HeuyMaugicmvs 00 HEeNOBHOI MEXHOJOCIYHI
Oaui.

Knrwuosi cnoea: mexniunuii cmam, cCKiaoHa mexHiuHa cucmema, pusuxk 8i0Mosu,
OiacHOCMUKA, NPOSHO3VBAHHS, ITHMENeKMYalbHad cucmema, 0aueco8cvbKa mepexca
NepeKOHaHb, HeYyMaIUugicms 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 - FI and CTS intercomponent
communications - FIC) by diagnostic features can be described as follows:

<G,S(C), L) Ryeys Ry (1)L >,
where: S(C), set FS (FC);
I,(1.),set FIC (FI);
RS(C) , RIS (1. » set of failures risk diagnostic assessments FS (FC) n FIC
(FI) CTC;
L - mapping relationships between sets S(C),I;(1.),

RS(C) , R o) > 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
S2 S3
‘ F3
L.
1 l |
S4 ‘ ‘ S5 .
, F6 ) F7 ) [ F5 , F4
8 . & B
(8 ) [ Fo [ F10 ) [ F11 S6 CF12 )
L
F13 | Fl4

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

1,2,3 —
1,3,8 Jr=0 ~ 0 .

9

R(Not workllj’_f’ o =1

b

2.3 _
R OrklE—CAS,CAS—SPP —0 =0

M
2,3 _
R(Not _wor IE—CAS.,CAS—SPP)t=0 — 1

R((Work’33), (Work,33),,) =0,1,

23
R((Wor IE_CAS,cAS_SPP):

b

(Wor. [iiCAS,CAS—SPP 1) =0,

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
s

. —
s ~

0,75

o, o
' S 71
/

0,65 '[)SC /

0,55 B])

SPP —

o F

- \
— N N
e \ TRMER NS NP l

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

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

Y. Shcherbyna, Ph.D. 1. Shpinareva
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Anomauia. Y pobomi po3zensiHymo numaHHsA NOKPAWEHHS Memooie 2eHepayii
300padceHb 3a ONUCOM 3 OONOMO2010 2MUOOKO20 MAWUHHO20 HABYAHHA OJiA
BUDIUEHH NPUKIAOHUX 3a0ad CMEOPEeHHs KOHMeHmy, mak I Ol PO36UMK)
WMYYHO20 THMeNeKmy K MexXHON02IUHOI Ty 3.

Knrwuosi cnosa: enuboke mawunne Haguanus, cenepayis 30opadxcenv, Natural
Language Processing, wumyunuu inmenexm, 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.

Mertoau rTeHepamii 300pakeHb 3a TEKCTOBHM OINKMCOM BCE OLIbIIE
MIPOHHUKAIOTH B MOBCAKIACHHE KUTTSI.

3a J0MOMOrol IUMX TEXHOJOrM CchemiansicTd TBOpYMX Hpodeciit
MOXKYTh IIBUAKO POOUTH TPUKIAAM CIEH i KiHO, a00 KOHIENTyalbH1
3pa3Ku ONIArY, a TEXHIYHI CHEIIa]iCTH OTpUMalId MOXKJIMBICTh T€HEPYBATU
TECTOBI Ta TPEHYBAJIbHI J]aH1 /I HABYAHHS 1HILKUX METO/I1B KOMIT FOTEPHOTO
3opy. lle nuime 6a30Bi MpUKIAAH, ajieé BXKE BOHU MOKAa3yHOTh HACKUIbKU
6arato cep HaIIOro KUTTSI MOXKE PO3BUHYTH TeHEpallis 300paKeHb.

OcHOBHMMH TIpOOJIeMaMH METOJIB TeHepallii 300pa)kKeHb 3a OIMUCOM €
AKICTh OTPUMAaHMX 300pa)KeHb, MIBUIKICTH TEHepalli Ta OalaHCc MIX
IIBUJIKICTIO Ta AKicTi0. CaMe 11 mpoOieMH pO3TIASHYTO B pOOOTI.
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3a OCHOBY B34Ti JIBI Cy4acHI MOl TeHepailii 300pa’keHb 3 OIHUCY
npupoaHoio MoBoro: DALL-E-2, ska po3pobnena kommnaniero OpenAl Ta
Imagen po3pobnena Google. Jlani cuctemu 1yl CTBOPEHHS 300paK€Hb
BUKOPUCTOBYIOTh Meton audysii. Cepen BiakputTiB DALL-E-2 € HOBHii
MIIXi7 J0 BXITHUX JaHUX TeHepatopy 300pakeHb y Bumiai  Prior
mozeni[1]. OcHoBHE BigKpuTTsS Imagen — BenMWKI MOBHI MOAEl JOBOJI
rapHO CHPABISAIOTHCS 3 (POpMyBaHHSM JaHUX JJIs TEHepallii 300pa’keHb
[2,3]. Buxoasuu 13 11b0ro 3ampornoHoBaHa OHOBJIEHA MOJIEb, SIKa BKIIOYAE
HaWKpallll SKOCT1 HABEICHUX BUILEC MOJICIICH.

[To-mepimie, mst Toro, moO MOKPAIIMTA PO3YMIHHS TEKCTY Ta SIKICTh
reHeparlii CKJIagHUX 300pa)keHb, 3aMpPONOHOBAHO BHUKOPUCTATH MOJCIb
BERT B mnepmomy Onomi 00poOku TekcroBoro BBoay [4,5]. Ilo-apyre,
3ampONOHOBAHO BUKOPHCTATH Preparation Momynb, 10 BUKOPUCTOBYE TaHi
TEKCTOBOI'O KOHTEKCTY Ta MIJATOTOBIIOE iX JUIsl TeHeparlii 300paxens. e
MOJYJIb HANAIITOBAaHUN EMIIIPUYHO Il OTPUMAHHS HAWOUIbII SIKICHOTO
pesynbTaty. llo-Tpete, 3ampomonoBaHo Bukopuctatu wavelet diffusion
model nns renepamii 300paxkeHp 3amicTh 3BHuaniHOi diffusion model. 3a
nociipkeHHamMu  wavelet diffusion Mozeni 103BONIAIOTH CKOPOTUTH 4ac
re’epailii 300pakeHb 1 MPU I[bOMY HE TOTIPIIUTH SKICTh 3T€HEPOBAHUX
300pakeHb BITHOCHO 3BWYaiiHOI amdy3iiHOoi Momemi. Wavelet mozmemi
MpaIoloTh  HE 3  TMIKCeIsIMH  300pakeHHs, a 3 ixHIMH wavelet
penpe3eHTalisIMU, 110 JI03BOJISIE CKOPOTUTH Yac 00poOKH [6].

[ToBHa apxiTekTypa 300pakeHa Ha puc. 1.

Image generator
(wavelet diffusion ~——Qutput
modg))

ot —»  BEAT Text Encoder

h

h

Preparation module

b

Pucynox 1. 3anpononosana apximexkmypa mooeii 2enepayii
3006padiceHs 3a ONUCOM

Jlnst TpeHyBaHHS MOJIeTli BUKOPUCTOBYEThCs nataceT Laion Aesthetics
Ta MWoro Bapiamii, OCKUIBKM II€M JJaTaceT MICTUTh HaWOUIBIN SKICHI
300pakeHHsT 13 TEKCTOBUMHM onmcamu [7]. s  OIIHKKM  AKOCTI
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BUKOPUCTOBYEThCSL K €KCIIepTHa OIliHKa, Tak 1 FiD score, mo mokasye
B1JICTaHb MI’K BEKTOpPaMH O3HAK PeasibHUX 300pakeHb Ta 3T€HEPOBAHUX.
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Annomauia. Y pooomi HagedeHo pe3ynvmamu popoOKU KOHYEnnyy CUcmemu 3

PO3NI3HABAHHA ~ MEKCMY HA  OCHOBL  30CMOCY6AHHA — eleMeHmié  WMY4YHO20
IHmMeleKmy.
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Knrwouoei cnosa: posniznasanns mexcmy, WmyyHi HetpoMepedic.

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.

Po3mizHaBaHHS TEKCTYy CbOTOAHI IIMPOKO BHUKOPUCTOBYETHCS IS
KOHBEPTAIlll KHUT 1 JOKYMEHTIB B €JIEKTPOHHUIN BUTJIS, JJI aBTOMATHU3aLlii
cucreM 00JiKy B Oi3Heci abo ans myOmikaiii TeKCTy Ha BeO-cropinmi [1].
OntuyHe po3mi3HABaHHS TEKCTY JI03BOJISIE pearyBaTH TEKCT, 31HCHIOBATH
MOIIYK cjoBa 4u ¢pa3u, 30epiraTd HWoro B OiIbIT KOMMAKTHIN (opmi,
JEMOHCTPYBAaTH a00 pO3JPYKOBYBATH Martepiall, HE BTpadyar0dd SKOCTI,
aHaii3yBaTH 1HPOPMALIIIO, @ TAKOXK 3aCTOCOBYBATH /10 TEKCTY €JIEKTPOHHUIA
nepekiia, (opMaTyBaHHs a00 EPETBOPEHHS B MOBY [2].

B paMkax mnporoHOBaHOTO KOHIIENTY MPOEKTY 3aCTOCOBAHO IITYYHY
HEHpOMEepeKy MpsSIMOi apXiTEeKTypu. BxXimHuil map mTydHoi HEHpOHHOI
MepeXl BH3HAYa€ BXIJHI JIaHl. Y HAIIOMY BHUMNAAKy II€ O3HA4a€, IO MH
X04eMO PO30OMTH pacTpoBy TpadiKy HA OKpemi JiTepH, SAKi OyIyTh
BHCTYIIAaTH B SKOCTI BXITHUX TAHWX JJIS HAIIOI HEHMpOHHOI Mepexi. Jlis
IBOTO CTBOPIOETHCS ciTka 20 x 20 misi KOXKHOI OYyKBHM 1 BUMIPIOETHCS
TOHaJIbHICTH KOXKHOTO 3 400 npsimokyTHUKIB. L{i 3HaueHHs1 ToHanbHOCTI (0 =
o111 1 YopHMA = 1) 3aMOBHIOEMO 11 TO1aJbII0I 00poOkHu B 400-BUMIpHOMY
BekTOpl. € 0OaraTto eMIIPUYHUX METOIB JUIsi BU3HAYCHHS MPABUIBHOIO
qyciia HEWPOHIB, ISl BUKOPUCTAHHA B MPUXOBAHMX IapaxX, TaKUX K
HACTYTIHI: KIJBKICTh NMPUXOBAHUX HEUPOHIB MOBHMHHA OyTH B MeXax BiJ
pPO3MIpy BXIIHOTO MIApy 1 PO3MIPY BUXIJHOTO IIapy; KIIbKICTh MPUXOBAHUX
HElpoHIB Mae OyTu 2/3 po3Mipy BXIJHOrO MIapy, IUIFOC PO3MIpP BUXIJIHOTO
1apy; KUTbKiCTh MPUXOBAHUX HEHPOHIB MOBUHHO OyTH MEHIIE MOJBOEHOTO
po3Mipy BXiiHOTO 1mapy. HaBuaHHs HEHpOHHOI Mepexi MOJSArae B TOMY, 1110
Barl 11 3B'SI3KIB KOPHUT'YIOTbCSA, MPU TPEISABICHHI HABYAIBHOI Mapu
(BX1JTHOTO BEKTOpa Ta BIAMOBIAHOIO HOMY BHXIJIHOI BEKTOpa). Y JaHid
cUCTeMl HEHpPOHHAa Mepeka HaBYAETbCI 32 METOIOM  3BOPOTHOTO
MOIIUPCHHS TOMUIKA. Ha BXi1 HeHpOHHOI Mepekl HaJIXOIUTh BEKTOP, STKHMA
BUJIA€ €JIEMEHT, B SKOMY BBOJUTHCS MalOHOK JiTepu. Lleii BekTop
CKIAJA€ThCA 3 YOTHUPHOXCOT eJeMeHTIB. [lopokHIM KT BigmoBigae
eneMeHT 0, a 3adapOoBaHOi KIITLI - eneMeHT 1. Mepexa nmpopaxoByeTbes, 1
aHaNI3yeThCAd  BUXIOHUI  BEKTOp  HEWpOHHOI  Mepexi.  Homepy
MaKCHMAJIbHOTO €JICMECHTA BIAMOBIa€ HOMEp po3mi3HaHOi miTepu. lle
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JI03BOJIsi€ MPABWIBHO PO3IMi3HATH OyKBY, HaBITh KOJIM BOHA HAJXOIUTh Ha
BX1J 3 mnepemkogamu. [lpu Bmi3HaBaHHI CjOBa MOZENb HeEHpoOMepexi
MOPIBHIOE 3HAWJICHE CTIOBO 3a CJIOBHMKOM 1 pefiarye Moro mpu HEoOX1HOCTI.
BukonyeTbCcs mepeBipka cioBa Ha HAsSBHICTh HOro B CIOBHHKY. ZKIIO € B
CIIOBHHKY - CJIOBO 30€pIra€eThCsl TaK, SIKIIO HEMAa€ - Mepexia A0 MyHKTY 2.
ko y cimoBa, MaeTbCs BIIXWICHHS TUIBKA B OJIHY JIITEPY, TO CIOBO 3
HaWOIJIBIIOK YacTOTOK TOBTOPEHHsS Oyae MOoBepHYTO. SIKI0 y ciaoBa
pi3HMILIS OlIbIIe HIXK B 1 JiTepy, TO NEPEXOUMO 0 MYHKTY 3.5KIo c10BO
Ma€ BIIXWIEHHS B 2 JITEPH, TO OyAe MOBEPHYTO CIOBO 3 HANOUIBILIOH
YacCTOTOIO TMOBTOPEHHs. SIKIIO CIIOBO HE 3HAi/IEHE y CIOBHUKY TO BOHO
3anumaeTbCa.  BucHOBKM.  [IpomoHOBaHMI  KOHLIENT  MPOTPAMHOIO
3a0e3MevyeHHs] JI03BOJISE€ 3MIMCHIOBATH TOJAJIbIIE MNPOEKTYBaHHA Ta
peatizailiro TOBHOIIIHHOI KPOCCILIAaTQPOPMEHOT CUCTEMH JIJIsi BUKOPUCTaHHS
il 3 METOIO BUPIIICHHS IPAKTUYHUX 3aBJaHb.

Jliteparypa
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Annomauyia. Y pobomi mnagedeno pe3ynibmamu po3pooKu iHgopmayitnoi

cucmemu agmomamusayii npoyecie 0O6poOKU ma aHanizy MemeooaHux 3 Memoro
NPO2HO3YEAHHA KIIMAMUYHUX SMIH.
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Knrwouoei cnosa: inmenekmyanvHutl anaiz OAHUx, MOOEIO8AHHS.

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.

Croronui lH(I)OpMaI_III/IHl TEXHOJIOT1] aKTHUBHO BUKOPHCTOBYIOTBCS B
MeTeoponorii 1 poOOTi CHHONTHKIB, TaK SIK JO3BOJISIIOTH HE TIIBKU
aBTOMATH3yBaTH 1X pOOOTY, a TAaKOX MIABUIIUTU 3PYUHICTH 1i BUKOHAHHS 1
3HAYHO ITIIBUIIMTH TOYHICTh PE3YyIbTaTY.

BukopucranHs OOYMCIIOBANIBHOI TEXHIKM 1 BIAMOBIAHUX TMpOrpam
JI03BOJISIE BHUPIMIYBATH 3aBJaHHS METEOPONIOTii 3 BEIMKOK TOYHICTIO, IS
3HAYHO OUIBIIMX TEPUTOPIN, MPU IOMY 3a OLIBII KOPOTKHM TEpMIH 1 3
3allydeHHSM MEHIIUX JIOJCHKUX pecypciB. Y 3B ;13I<y 3 IIUM JlaHa Tajy3b
BKpail CHJIBHO TOTpeOye pPO3POOKHM 3pYUYHHUX 1 BHUCOKOIPOTYKTUBHUX
mporpamMHux 3acobax [1].

VYei ememeHTH — po3pobieHoi  iHpopMmamiiiHOI  CHCTeMH €
B3A€EMOIIOB’ I3aHUMHU 3 POOOTOIO 3 METEOPOIOTTYHUMHU TaHuMu. Lle no3Bose
OTpUMAaTH MOBHUN OIS METeopoJyioriuHoi curyaii. KoskeH 13 BapiaHTIB
BUKOPUCTAHHS Mae€ CIELIali30BaHe MPU3HAYEHHS, 1 Mae OyTH OMNHCAHUMA
1HIMB1TyaIbHO, HABEJIEMO OCHOBHI 3 HUX JaIi.

[lepernsa 3aBaHTa)keHuXx Hepomepex. s meperisay 3aBaHTaKEHUX
HEHpOMepeK KOpUCTyBady IMOTPIOHO B IIamii calTy BUOpaTH ITyHKT
«Heitpomepexi».

[Ticns mepexoay Ha AaHy CTOPIHKY KOPUCTYBad OA4HTh TAOJHITIO 3 yciMa
3aBaHTaXXCHUMHM HepoMepexamu AJi1 0OpoOKH Ta aHaJi3y METEOdaHUX.

Ha wmiil cTopiHmi KopuCTyBau MOXKE 3aBAaHTAKUTH apXiB 3 ¢aiiamu
HEeHpoMmepexi, Juisi [boro Tpeba BKazaTh Ky (YHKIIIO BHUKOHYE
HelipoMmepeka, 00poOKka METeodaHuX YM iX aHalli3, Ta JIOJAaTH OMUC 1i BCIX
1IapiB.

[licns 3aBaHTa)XeHHS HEWMpPOMEpPEX i BOHA MIAJIATAE TECTYBAaHHIO B
CHUCTEMI, MICIISI YOTrO PE3YJbTaTH OIMHKA €()EKTUBHOCTI CHUCTEMU OyayTh
B1100pa’keH1 Ha CTOPIHIII.

[lepernsina 310panux meteonanux. st meperisany 310paHuX METEoJaHuX
KOpHUCTYBauy MOTPIOHO B IIAILl CAaUTy BUOpATH MyHKT «MmeTeomaHi». [licis
Nepexony Ha JaHy CTOPIHKY KOpUCTyBad OauyuTh TaOIuII0 3 ycima
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310paHMMU MeETEOJaHUMH, JAOCTynHa (GyHKUIS (iIbTpalii, copTyBaHHS.
[lepernsn po3paxoBaHUX MPOTHO31B.

Jlng meperisiny po3paxoBaHUX IPOrHO31B KOPUCTYBaudy MOTPIOHO B
Al CalTy BUOpaTH MYHKT «IEperjsaa mporHo3iBy. Ilicias mepexomy Ha
0 CTOPIHKY KOpHUCTyBad Oa4yuTh TaONMIIO 3 YyciMa TIPOrHO3aMU
METEOJaHuX Ta IMOTOJHUX SBUII, JOCTyIHA (YHKIIIS (HUIBTpAIii, OMIYKY Ta
COpPTYBaHHS.

[lepernsa ganux B Tabnuipsix. KopucTyBau Moke meperiisjiaTtd JiaHi
BHUBE/ICHI B TaOJIUIIl HA CTOPIHKAX CEPBICY.

[lepmmii psgok Tabaumi LEe pPSAOK 3 IMEHaMU CTOBIYHMKIB, MpH
HAaTUCKaHHI Ha 1M’ BUKOHYETbCS COPTYBaHHA TaOnull B ajldaBiTHOMY
HOPSIZIKY 32 UM 1M’ SIM.

[Ipu noBTOpHOMY HaTUCKaHHI Oyne BiZOOpakeHO B an(aBiTHOMY
MOPSIZIKY.

[Momyk. € posmupeHHsM 1H(GOPMAIIIHOI CHUCTEMU Ta JO3BOJISE
BIIIIYKYBAaTU JaHHI B TaOMULSAX 3a Oynb-akuM KiroueM. Kirouem moxke
OyTu OyAb-sIKUN TEKCT, OyIb-TO LU(PHU, CAMBOJIN YU OYKBH.

OnHoBieHHS MeTeonaHux. Ha cTopiHIIl meperisgy MeTeoJaHuX
KOpUCTYBad MOXKE€ HATUCHYTH KHOIIKY OHOBJICHHS METEOJAaHUX, IIe
MPUAACTh CHUTHAT Ha CEpBEP Ta BIH MOYHE BHKAYyBaTH HOBI METEOAaHi 3
pecypciB.

[Ticnst oHOBIIEHHS cUCTEMA 3aIlyCKae ajlrOpUTM TOIIYKY aHOMaJIii B IIUX
JaHUX, Jadl Ha BWIYYEHHX Ta «UUCTHUX» JaHUX CHCTEMa pOOUTH
MIPOrHO3YBAaHHS METEOAaHUX Ha HACTYMHI 3 100H 1 BXKE MO IIUM METEOIaHUX
cUcTeMa MPOTrHO3YeE MOro/HI SABUILA.

VYci ganH1 sIKi 0OpOONTIOIOTHCS HAa JAHOMY €Tarl 3aliuCyIOThCs B 0a3y
TaHUX.

BucaoBkw. Po3pobnena iH(opmariitHa cucTema MOXE
BHKOPHUCTOBYBATHCS B SIKOCTI CAMOCTIMHOTO MPOTrPaMHOr0 3aco0y aHali3y
Ta CIPOILIEHHS pOOOTH METEOPOJIOTiB, & TAKOXK SIK JOJATKOBUI MPOrpaMHUN
MOAYNb, SIKMM MOXK€ OyTH BIPOBAKEHO 10 ICHYIOUOi 1H(pOpMAIiTHOI
CUCTEMH METEOPOJIOTIYHUX LIEHTPIB.

Jliteparypa
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APPLICATION OF REINFORCEMENT LEARNING IN
SIMULATION OF MULTI-AGENT SYSTEMS
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Annomauin. Y pobomi nasedeno npoekm nioxooy 3aCmMOCY8AHHA HAGYAHHI i3
NIOKPINIEHHAM NpU MOOCNIOBAHHI 0A2amoazeHmHuUx cucmem Onsi OO0CHLONCEHHS
CAMOOP2AHIZYIOYUX 83AEMOOILL.

Knrouoei cnosa: mooentoganns, Mmawiunne HA8UAHMHS.

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.

TpynoMicTKuM 3aBAaHHAM JJisi PO3POOKH HeMpomepex 0e3 BUHUTENS €
pO3poOKa MITYYHOr'O IHTEIEKTY, SKUM Mae MpUHAMATH Pi3HI pIlICHHS B
3aJIEXKHOCTI BiJ TOTO, 110 BIIOYBA€ThCS y 30BHIIIHBOMY cepenoBuii. Kpim
camMoro Ipolecy HaBYaHHSA, y HaBYaHHI 3 y4yuTeleM, HEOOXiTHO 310paTu
Ha0lp JaHUX, 3a JOMOMOTOI0 SIKOrO BiJIOYBaTUMETHCS HaBYaHHS. Y TMEBHUX
BUIAIKax HaOpaTu moAiOHuK HAOIp JaHUX MOXKe OyTH MPOOJIEMATUYHUM, a
1HOI ¥ HEMOYKJIMBUM 3aBIAHHSIM.

B paMkax npoekTOBaHOro MiAXOMY JAJisi MOJENIOBAHHS TMPUKIATHUX
CUCTEM KOpPUCTYBad 3MOXKE 3/11CHIOBATH:

1. HanamTyBaHHS TpeHYBaHHSI HEHPOMEPEXK1 3 TOJIOBHOTO MEHIO: 3MiHa
KUIBKOCT1 €moX HeoOXiJHI HaBuYaHHA. HanamTyBaHHS BU3HAYa€ CKUIbKU
HEOOXIJTHO IMKIIIB CXpEIlyBaHHS OCOOMH MJisi 3aBEpIICHHS TpPEHYBaHHS;
3MiHa KUIBKOCTI OCOOWH, $IKIi MPOXOIATh TpeHYBaHHs. HamamTyBaHHS
BH3HAYa€ CKIUJIBKM OCOOMH TEHEepPyBaTUMEThCS KOXKHY €IMOXy MiJ dYac
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CXpellyBaHHS; 3MiHa IIapiB HeWpoMmepexi. HamamTyBaHHsS BU3HAuUae
KUIBKICTh IIapiB y HellpoMepexki. Tak caMo MOXHa HaJlalTyBaT ()YHKIIIIO
32 SKOI BBaXXaTHUMYTbCS Baru Ha KOHKPETHOMY IIapi Ta KIJIbKICTh
HEHPOHIB; 3MiHa maHcy MyTallii. HaltOymoBa Bu3Ha4ae maHC, 3 KOO MOXKE
CTaTHUCS MYTaIlisl B Te€HI, TOOTO 3 SKUM IIIAHCOM TEHY (Baru B HEHpPOMEpexi)
Oyne TNpU3HAYEHO BHIIAJKOBE 3HAUEHHsS; 3MiHAa 4YacTOTU CTpPYCY.
HanamryBanusi BU3Hayae, SIK 4acTO BiJIOYBaTUMETbCS CTPYC MOyl
ocobuH. CTpyc poOUTh BHIAJICHHS CaMHX HE Pe3yJIbTaTUBHUX OCOOWH 13
CIHCKY KpalluxX 1 3aMiHIO€ 1X BHITAJKOBUMH OCOOMHAMH 3 BUIAJKOBUM
HAaOOpOM IeH.

2. 3amyck TpeHyBaHHA HedpoMmepexi. Ilpm BubOopi mi€i  ommii
MOYMHAETBCSA TIPOLlEC HABYAHHA HEHMpOMEpeki B IrpoBOMY MPOCTOpi 3
ypaxyBaHHSIM PaHHbO BBEJICHUX HAJAIITyBaHb.

3. OOGuucieHHs pe3ynbTaTy KOXKHOI ocoOouHu. BinOyBaerbcs micis
3aBepIIeHHsT KOXKHOI enoxu. [ligpaxoByeThesi pe3ynbTaT Uil BCiX OCOOUH,
HACKUIBKU 100pe BOHU BIIOPAJIKCS 3 MOCTABIICHUM 3aBJIAHHSIM.

4. 30epexxeHHsI OCOOMH 13 HaWKpaluM pe3yinbTaToM. BigOyBaeThcs
BUOIp 0COOMH, K1 MOXKYTh IMOTPANMUTH 10 CIHUCKY KpalluX OCOOMH, 3 SIKUX
B1JI0YBaTUMETbHCS MOAJIBIIE CXPEIyBaHHS.

5. CtBOpeHHsI HOBOTO TTOKajeHHsS. BigOyBaeThcs cxpernyBaHHS OCOOMH
13 HabOpy OCOOWH, SKI HaWKpalle MPOWIUIM TPEHYBAaHHS Yy TOMEPETHIX
ermoxax.

6. Cnocrepexxenns. KopucryBad, MoKy yekae 3aBEpIICHHS TPEHYBAHHS,
MOXK€ 3IHCHIOBAaTH HACTYNHI Jii: CIOCTEPEXKEHHS MisIMH TOTOYHOTO
nokaneHHs. KopuctyBau Moke mepeMilaTHCS ITPOBUM TPOCTOPOM 1
CrocTepiraTu 3a MAissIMA  OCOOWMH, SKI Ha JIAaHWA MOMEHT TIPOXOASITh
TPEHYBaHHS; Teperis Kpamux ocoOuH. KopucTtyBau MOXKe TUBUTHCS Ha
pe3yapTaT HaWKpalux OCOOMH, SIKI MNPOXOAWIM TPEHYBAaHHS; BUKIHK
crpycy. KopucryBad Moxe BUKITUKATH 11032 IDIAHOBUM CTPYCOM TOIYJIALIIT,
JKIIO BBa)XKa€ 1€ 3a HEOOX1JHE; MOBEPHEHHS [0 TOJIOBHOTO MEHIO.
KopucTtyBau Moxe MOBEpHYTHUCH Y TOJIOBHE MEHIO JUIS 3MiHU HaJaIlTyBaHb
Ta 3allyCKy HOBOIO BapiaHTa TpEeHYBaHHs, 30epeKeHHS HEHpoMepexi.
KopucryBau Bupiniye 30eperti Kpamux 0COOHH, K1 MPONIUIA TPEHYBaHH.

7. 3aBaHTaxkeHHs Helpomepexi. KopucryBau MoOxke 3aBaHTaKUTU
paHiIe 30epexeHy Mepexy.

BucaoBku. IlpormoHoBaHWiA miaXia AO3BOJISIE MPOBOIUTH JIOCHIKCHHS
MOBEJIHKA 0araTOareHTHUX CHUCTeM Ha 0a3i BHKOPHCTAHHS IITYYHOTO Ta
00YMCITIOBATILHOTO 1HTENEKTY.
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INTELLIGENT NAVIGATION SYSTEMS FOR CHARGES AND
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Anomauyia. QOOHi€l0 3 KIOYOBUX CKIAOOBUX Oe3neku ma epekmusHocmi
BIMPUIBHO20 SAXMUHZY MA CYOHONIA8CMBA 3A2ANOM € HasieayiliHa cucmema. Y
pobomi 6ynu NpoaHaniz08aHi ICHYIOUU CUCMEeMU MA 3aNPONOHOBAHA MeMOOUKA
CMBOPEHHS YHIBEPCANbHOI HABI2AYITIHOI CUCEMU.

Knwwuosi cnoea: asmomamuuna Hagicayitina cucmema, 3acodu Hasicauii,
Raspberry PI, npomoxon CAN.

Abstract. One of the key components of the safety and efficiency of sailing
yvachting 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 PI, CAN
protocol.

[IpoGaema TOYHOCTI, BIIMOBOCTIMKOCTI Ta aBTOMAaTH3allli HaBiraIiiHUX
CHCTEM Yy CY/IHOILIABCTBI € aKTYaJIbHOIO Ta CKJIATHOIO.

CydacHi 40oBHHU (BITpWJIbHI a00 MOTOpHi) Ta pivyHi cyda (TOPTriBelbHI,
BaHTQXHI TOIIO) BHUKOPUCTOBYIOTH CYy4YacHI CHUCTEMH HaBiraiii, Mo
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noTpeOyI0Th MOCTIHHOTO HArJALY 3 OOKY eKimaky (BaXTOBi 3MiHH) Ta HE €
MOBHICTIO aBTOMaTU30BaHUMU.

Jlo xmacnmyHuX 3aco0iB Hapiramii, Imo € 0a30BUM Ha0OpOM s
YCHIIIHOTO TIPOXO/DKEHHS MAapIIpyTy BITHOCITH: pizHOMaHITHI GPS-
CHUCTEMH, T1POCKOIH, TipokoMmIiacu [1], aBToMaTn30BaHI CUCTEMHU OOpPOOKHU
iHopmarii mpo moromy Ta craH artMmocdepu, aBTOIIOTH, JOMOMIXKHI
MIPUWIAIU JJIs CIIPOIICHHS IIBapTyBaHHS CyJIHA.

CHiubHOIO PUCOIO BCIX Cy4aCHUX aBTOMATHUYHUX HABITalIMHUX CUCTEM €
BUKOpPUCTaHHS MixHapoaHoro crangapty mepexi CAN (anri. Controller
Area Network — mepesxa koHTposepiB) [2].

IIporokon CAN BHUKOPHUCTOBYETbCSI B CYYaCHHUX aBTOMOOUIAX 3
aBroniuioroM (Tesla) Ta BITpriIbHUX 200 MOTOPHUX YOBHAX.

IIporokon CAN B KOHTEKCTI KEpYBaHHS HAaBITALIHHOIO CUCTEMOIO €
oJHUM 3 HanpsMKiB [oT.

Cepen nilicHUX MPOAYKTIB, IO CHOTOJIHI HAasiBHI HA PUHKY, ICHYE psJI
NpUJIaaiB, 0 BUKOPUCTOBYIOTH MPOTOKON CAN Ta BHKOHYIOTH (4aCTKOBO)
3a7a4l npo chpomieHHo Hagirarmii. Cepen Hux € YachtSense (BUpoOHMK
Raymarine), EmpirBus (BupoOonuk Garmin) Tta cucrema SAILSENSE
(BupoOHuk SAILSENSE).

Bci Tpu cuctemu 00’ eIHY€e Maike OJHAKOBa CTPYKTYpA.

JI1s TIOBHOIIIHHOTO KEpyBaHHS YOBHOM a00 CyAHO MiJ KEpYBaHHIM
TaKuX CHCTEM HEOOX1THUU rOJIOBHUM MOJYJb Ta HAO1p maT4ukiB [3].

Pozpooka SAILSENSE Biapi3Hs€TbCs BiJ IHIIMX MOMIOHUX CHCTEM
HAsIBHICTIO 1HAMBIAYalbHOIO IHTEPHET-KaOlHETY JIJIsl KOKHOI'0 KOPUCTYBaua,
10 J03BOJISIE€ CIIOCTEPIraTH 32 YOBHOM B PEAIbHOMY Yaci.

[le akryanbHO, KoM sixTa 3HaxoauThca B mopTy. SAILSENSE Hanae
3MOT'y KOPUCTYBady BIJJAJICHO KEPyBaTU aKyMyJIsATOpaMH Ha OOpTy Ta
IHIITUMH CHUCTEMaMH, 110 MOTPEOYIOTh MMOCTIMHOT'O KOHTPOJIS Ta HATJsALy [4].

['omoBHUMM CHiTBHAM HEAOMIKOM YyCIX BHUIINE 3a3HAYCHUX CHCTEM € TXHS
HECYMICHICTb 3 1HIIMMH MPOAYKTAMU HAa PUHKY Ta CKIJIAJHICTh 1HCTANSIIT Ha
YOBEH.

[le 3yMOBi€HO THUM, WI0 OPU HEOOXITHOCTI 3aMIHMTA Ty YM 1HILY
CKJIaJIOBY CUCTEMH, YOBEH UM CYJHO MOTpeOyBaTUME CEPHO3HUX BTpy4YaHb 3
OOKy CHEeIiadiCTiB, 10 TAKOX IiAiiiMae piBeHb (PIHAHCOBUX BKIAJCHb B
YOBEH 1 CUCTEMY.

Bume 3a3HadeHi mnpoOieMH MOXKIMBO BHUPIIIMTH 33 JOIMOMOT'OFO
BUKOPHUCTAaHHS 1HIIOT METOJIUKHU PO3POOKH MOAIOHOI CUCTEMMU.
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[lepma mnpobrema — HECYMICHICTh — BHPIIIYETBCS  BUOOpPOM
YHIBEpCAJIbHOI TIATPOPMU I TOTOBHOT'O MOIYJISL.

[IporoHy€eThCS BUKOPHUCTOBYBAaTH TakKi pillIeHHS, SK  PO3poOKa
IHTECKTyaIbHOI CHUCTEMH HaBiraii Ha OCHOBI MIKPOKOMIT FOTEpa
Raspberry PI 4.

[IpobGnaemy ckmagHOi 1HCTAJALII JATYUKIB MOXKJIMBO OOIWTH 3a
JOTIOMOr'0I0  BUKOpUCTaHHsI mpoTokoiiB Wi-Fi (cTBopeHHs noKanbHOI
3aXMIINEHOT MEPEKI BUKITFOYHO JIJIsI IPUJIAJIIB CUCTEMHU) a00 BUILIEOITUCAHOTO
CAN.

TakuM 4YMHOM pO3pOOKa CHUCTEMH Ta 11 I1HCTAJSLIS CHPOIILYETHCS,
BIJIMOBOCTIMKICTh CTa€ BMILOK, a YHIBEPCAJIbHICTh JA€ 3MOI'Y CTBOPEHHS
JHACHO aBTOHOMHOI 1HTEIEKTYyaIbHOI CUCTEMH HaBITaIlli.
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SECTION 3. INFORMATION CONTROL SYSTEMS
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ITPOrHO3YBAHHA CTYIIHIO TAKKOCTI BPOHXIAJIBHOI
ACTMHU Y AITEU
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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 pezyromamu cei04amv Npo me, WO MOOeNi NIHIUHOL
pezpecii 3 HegenuKow KibKicmio pakmopie mMaoms npubIU3HO 0OHAKO8I 3HAYEHHS.
YV pesynomami 6ukonamHa Y020 OOCHIONCEHHS OYI0 OMPUMAHO  BANCIUBUL
BUCHOBOK, WO 3HAYEHHs MNOGLILHO 3MEHULYEMbCA 30 30IIbWEHHAM KIIbKOCI
peepecopie Mooeii.

Knrouoegi cnosa: mooeni 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 1y Ox Iy
X1 Allergic rhinitis 0.4494 0.4974 0.3223
X2 Atopic dermatitis 0.0562 0.2303 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 0.2479 0.4157

generation
X6 3913  3.4462 0.2646
X7 22319 1.1312 0.3116
X8 0.7536 0.8059 0.3681
X9 ) 0.5652 0.8925 0.2236
X10  Sheep wool 0.5217 0.6507 0.3373
X11  CD2510%3 cells 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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SYMMETRIC BOUNDARY VALUE PROBLEM FOR A LAYER
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Anomauyia. B pobomi HagedeHo HO8Y mamemamuuHy MOOelb PO38 S3AHHA
CMamuyHoi cumempuyHoi Kpauoeoi 3adaui 01 wapy, nociabieHo20 HACKPIZHUM
0mMEOpPOM, 3 NOKpUMUMU Oiaghpazmoro mopysmu.

Knrouoei cnosa: mpusumipni Kpatiosi 3a0aui, CUHRYAPHI THMESPATbHI PIGHANHHSL
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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

Posrmsimemo  mpyxkHmit map —AS<x;<h , —0<X,X,<0,
nocnabieHuid HacKpi3HMM OTBOpoM. Hexail Ha MOBEpXHI TOPOKHUHU
3a/IaHui BEKTOp HampykeHb (N, 7, 7). llpuryckaemo, 1Mo KOMIOHEHTH
3aJ]aHOr0 HABAHTAKCHHS PO3KIAIAI0ThCS 10 psiaiB Dyp'e 32 KOOPAUHATOO
X; Ha Ha Bi/IPi3Ky TOBUIMHI Wapy [— /, 4 ]. Hexaii na foro Topisax MaiTh
MiCII€ TaKl YMOBH:

u,(x,,x,,xth) =u,(x,x,,th) = o3;(x,x,,£h)=0. (1)

KpaiioBi ymoBu (1) BiANOB1Ial0Th BUIAJKY, KOJIM TOPLI LIAPY MOKPHUTI
niagparMor0,  JKOPCTKOK Yy  CBOiM  IUIOMIMHI Ta THYYKOW Yy
NEPICHIUKYISIPHOMY  HAalpsMKYy. 3aluIIeMO KOMIIOHEHTH  BEKTOpY
MEPEMIILECHHS Y BUTJISII

u, = uik(x19 xz)COS ViX3s
k=0
- : , 2k +1
u3:Zu3k(xl9x2)sm7/kx39(l:1’2)97/k: 2 T ()
k=0
BukopucrtoByroun 3akoH ['yka, 3anumiemMo kpaitoBi ymou (1) B popmi
Wl o 11 1 ,
200’ W{az_z(l% _l//k)}_aek _507//?% :Z(Nk _lTk),-
wl 0 l+o 0. 1
Re{e WL_[UW///{ +_91<j_07/k _(’(Pk _‘//k>] =—Z (3)
Z 2 0z 2u

KpaiioBa 3amaua (3) 3a J0MOMOror0 BiAOMOI TPaAMIIHHOI MpOIEaypH
3BOJIUTBCS JI0 CHUCTEMHU TPhOX CHUHTYJSIPHUX IHTETPAIBHHUX PIBHSIHB 2TO
pony (1711 KOXKHOTO (PIKCOBAHOTO £ ).

3 1
0,4, + Wy b + Zja)ikGide = Z (Nk —iT, )=

i=l [

147



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

3
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@G + ZI @, G, ds = _2_ Z, (4)
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6. (¢.60)= Tk (ykr{sm(w o) mw,ao)}

- 210,

K1(7/k’”>{%sm('//_ao)+le

sk )T

2i
e Yo

Gy (¢n¢, )= 67" (m){coswf ao)+—hz(w,ao)}+

2iy,

Kl(ykr){% cos(y —a, )+ {(l+0)e o) f 2 h (v, a, }

G (¢.6) =3 lonrk, (1) -1+ K (oo, - )
G31(¢.60) =720 K (rarsin (v + 7 — 21 ) —sin (yry — )] -
S Ko(rr)sin vy —w)

G;,(¢.¢0) =721 K (ryreos(yy +y —2a0)+ cosly, — )]+

S Kalrir)eos(y, v

=7zi(1+0') b =7Z'(1+G)
27 Y 2

= Pr Do :Re%, s, :Ika_

y = by qx =iqk(1+0')/07/,f,

Tyr @, - neBigomi QyHKIII, IO MIATalOTh BU3HAYEHHIO.

[Ipu dmcenbHIM peanizaimii aJdropuTMy I1HTETpaIbHI pIBHAHHA (4)
METOJIOM MeXaHIYHUX KBaapatyp [1] 3BoAMTBCA OO0 CHUCTEMH JIIHIHHHUX
anreOpaiyHuX piBHSIHL. BHCOKOTOYHA cxeMa OOYHCICHB 3aCTOCOBYBAjacCs
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aHajoriuio [2]. ns XapakTEepUCTUKU HAIMPYXEHOTO CTaHy IOBEpPXHI
OTBOPY BU3HAYAJINCA KOMIIOHEHTH T€H30pa HalPY>KECHb:

G, =0, 85N> 0+ 0,,c08’ @—20,,cosOsin 0, 0. =0,
O=y—n, 0,=—0,;5MO+0,c080 . Uucensni pesynpraT

oJlepykaHo Mpu 3HauenHi koedinienta Iyaccona v =1/3.

$00

| wl
A N

200
0.0 120.0 Cu P 00

—
",
o
.-

a) 0)
Pucynox 1. Enopu po3nooiny 6i0HOCHUX OKPYHCHUX HANPYHCEHD

Ha puc. la HaBeaeHo emiopu poO3MOAUTY BIHOCHOTO OKPYXHOTO
HalpYKEHHA O, / P nns emnruanoro  otBopy (& =R, cos o,

& =R, sm@, 0<@<27) BuponoBX KOOPAMHATH 3a TOBIIMHOK B TOYIIi
=0 vy sumanxy h/R =4 (R1 21). Kpusi 1;2;3;4 mHaBemeHo s
R2 =0.7;0.5;0.3;0.1 BiaIIOB1IHO,
Ha puc. 10 HaBemeHO emiopu pO3MOAUTY BIJHOCHOTO OKPY>KHOTO
HATIPY>KEHHS 0., / P BIIPOZOBX  KOHTYPY  EIINTUYHOTO  OTBOPY

0<@<27 B mwiommui X,/h=0 y Bumagxy (R1:1) npu h/R =4
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BianoBiHO. KpuBi 1;2;3 Takox HaBeACHO TMpH R2= 0.3; 0.5; 0.7
BIMOBIIHO. 3a  pe3yiabTaTaMHM  YHCEIBHOTO  JOCTIKEHHS  MOJKHA
CTBEp/UKYBAaTH, IO NpHU 30UIbIIEHHI TOBIIMHU MIapy, a TakKoX 31
3MEHIUEHHSAM R, CIOCTEPIra€ThCsi 3pPOCTAHHA BiJTHOCHOTO OKPYXKHOTO

HAIpyKEHHS.
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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

Anomauin. Pezynomam po3pobienozo memoody npeocmagieHo y eueaioi
NpuKacie onepayii 3 NiOHECeHHAM 00 CMeNneHs Yucel, nPeoCmasieHux y MOOYIbHIlU
cucmemi qucnenHsn. AHaniz po3e’a3Ky npukiadié Nokazaé NPaKMuyHy YIHHICMb
PO3pOONIEH020 MemOoO).

Knrwouoei cnosa: mooynvha cucmema 4ucierHs

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 used 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
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CMNS = (Cl || CZ H e || Ck—l || Ck H Ck+1 || b H cl) ln a modular Structure
C—)
(MS) —MNS ;
N 1 :
Cvs :§D+|CMNS ,if C =0,
N 1 :
Chins = _D_|CMNS i € <0,
2 (1)
: . Cons :lD+|CMNS| .
1.e. for positive numbers: 2 and for negative:
1

b

CAZVS = ED - |CMNS

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

was developed based on an analytical ratio (Cins) ™ =S (Cipns) which

defines the relation of the result Chns number exponentiating operations

Cvs in the MNS (to the degree of r) presented in the MS, from the
- r
number — MNS immediately in the MS [3]. Processed numbers —~MNS and

—> r
(CMNS ) are in the range:

1 , 1
_ED < Ch s < 5(D—l),

0<(Cihs) <D—1. .
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As a mathematical model of the process the process of exponentiating
numbers to an arbitrary degree » of a natural number in the MNS, it is
advisable to consider the mathematical ratio:

(Cins)” =(Copg)’ (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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Anomauyin. 3anpononosano GUPIWEHHS aKMYalbHOI npobiemu YnpagiinHs
QinancosuMU NOMOKAMU ) 2ATTY3i BHYMPIUHBLO2O MYPUZMY 8 YMOBAX Ol MHONCUHHUX
YUHHUKIB HEBU3HAYEHOCMI OMOUYI0U020 Cepedosula nio 4ac B0EHHO20 CMAHY 3
3acmocy8aHHAM meopii cumempii.

Knrouosi cnosa: meopis cumempii, arcopummi @opoa-Dankepcona, gpaxmopu
308HIUHBbO2O cepedosULYd

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 ckiagHOi cuTyallii, BUKIMKaHOT HeCTaOlIbHUMU (DakTopamu
BHYTPIIIHBOTO CEpEAOBHINA, TOB’s3aHOr0 3 BiiiHOKO Pocii 3 YkpaiHoto,
BBEJICHHSIM BOEHHOTO CTaHy, IO Tiepeadadae eBHI 3a00pOHU 1 OOMEXECHHS,
TypUCTHMYHA  Trajay3b  ONUWHWIACA Yy  HAJACKPYTHOMY  CTaHOBHII.
[Iporuo3yBaHHs cHTyallli HaBiTh y KOPOTKOCTPOKOBIM TEPCHEKTHBI CTa€
HEeMOXJIUBUM. [IpoTe TypucTuuHa raigy3b NpojoBxKye po3BuBaTUCs. OLiHKa
OpsIMUX 1 HENPSIMUX BTPAT 1 MOTPeOH BiTHOBICHHS YKPaiHCHKOI €KOHOMIKHU
(B cdepl KynbTypu, TYpU3My Ta CHOPTY), y TPOIIOBOMY €KBIBaJICHTI
cranoButh 0.7 mipn gonapis CIA mpsimux BTpat, 4.3 MuIpa — 3arajibHi
BTpaty, Ta 1.6 Mapa KomTiB cTaHOM Ha MOMeHT 13 uepBHsa 2022 poky [1].

BHyTpimHI 3B'S3KM MK TYpUCTUUHMMM IMOCIYTaMH Y CTPYKTYpl
TYPUCTUYHOI'O MPOJAYKTY MPOSBISAIOTHCA B iX CUMETpIi MiJ 4yac peai3auii
TypucTuyHUX mocayr. [loBemiHka BUXIAHMH 3MIHHOI, IO BiJOOpa)kae
(1HAHCOBI MOTOKH BHYTPIIIHHOTO TYpPU3MY, JIETEPMIHOBAHA KOMILIEKCOM
NPUYMHHO-HACIIIKOBUX B3a€MO3B'S3KIB MIXK HE3QJIEKHUMU (pakTopamu Ta
3QJIEKHOI0 3MiHHOK. BOHa mokiImkaHa BUAUIMTA HAMOLIbII albTEPHATHBHI
HUIAIXK PO3BUTKY 3 pi3HUX cTaHiB. Llg o0coOnMBICTP NPOrHO3yBAHHS
BUKOpPUCTaHa TIpU PO3pOOILI METOAONOrIi YHpPaBIIHHI 30€pEKEHHIM
(b1HAHCOBUX MOTOKIB TYpHU3MY 32 YMOB OOMEKEHb Ha peajiizallito Mociyr.

MeTtoro poOOTH € TIOB'SI3aHHS YOTHPHOX HAYKOBHUX PE3YIbTaTIB: CUMETPIi
CIOKMBAHHS TIOCIYI, Kay3aJlbHOIO TPOTHO3YBaHHS, 3aCHOBAHOI'O Ha
BCTAHOBJICHHI NIPUYMHHO-HACIIIKOBUX 3B'S3KIB, MaKcuMizallii (hiHaHCOBHX
MOTOKIB BHYTPILUIHHOTO TYPU3MY, 3aCHOBAHOI Ha Teopii rpadiB Ta anropuTmi
®opna-dankepcoHa, a TAKOK EKOHOMIYHHUX acIeKTiB (POPMYBaHHS MOCIYT.

Po3rnsiHyTo HU3KY HOBHX MAaT€MAaTHMYHUX MOJIENEH, METOAMYHUX
MIIXO/IB, TPOMO3UINNA Ta PEKOMEHJAIlli, TPUCBSIYCHUX PO3BUTKY Ta
VIPaBIIHHIO TYPU3MOM y KOPOTKOCTPOKOBIH MEPCIEKTHBI [2], Kay3aJIbHOTO
nporao3yBaHHs [3]. B OCHOBY BWKOPHCTaHHS CHMETpIi JJIS BHPIIICHHS
3aBJaHb MakcuMmizallli ()IHAHCOBMX TOTOKIB MPHU peaii3allli TypUCTUYHUX
MOCJIYI TIOKJIaJieHa OCHOBHA BJIACTHBICTH TEOpii cUMeETpii, a came Te, IO
AesiKl MPOCTOpOBl (irypu MOXyTb OyTH OTpUMAaHI MUISIXOM BEIUKOL
KUIBKOCTI TMOBOPOTIB HABKOJIO OCl. JIs1 BU3HAUEHHS CUMETPUYHUX 3MIH
€JIEMEHTIB 1HBApIAaHTHUX B3A€EMOJIA TOTPIOHO BHUAUIUTH HEPYXOMMUIA
€JIEMEHT — OCHOBHY TYpUCTHMuUHY mnocayry. B anroputmi ®opna-
dankepcoHa Mepeka PO3TISIIAETHCS AK MOB’sI3aHUM oprpad, opieHTOBaHMIA
B OJIHOMY HAIIPSIMKY BiJl BUTOKY JI0 CTOKY. BUXigZHUM CTaHOM MakcHUMi3alii
¢diHaHcOBUX TOTOKIB TypusMy € rpad G(V,E) 3 NpoOIyCKHOIO 3JaTHICTIO
G(u,v) ta morokoMm flu,v)=0 nus pedbep 3 u u v. Pobora mo3Bonuia
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3aIPOITIOHYBATH TMPaKTHUYHI pPEKOMEeHmalii 31 30epekeHHs ¢IHaHCOBHUX
MOTOKIB, 3MOJICNIOBATA CTPYKTYPY 1 YMOBHM peali3alii TypHUCTHYHOIO
NPOAYKTY, a TaKOX PO3POOUTH AITOPUTM MOMIIMBOTO MEPEXOAY 3 OAHI€T
TYPUCTHYHOI ITOCTYTH Ha 1HIITY i 9ac 3MiH CEPEIOBHIIIA.
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DISTRIBUTION-FREE METHOD OF FLIGHT STYLE DATA
PROCESSING
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Anomauin. Ilpoeeoeni y pobomi po3paxyHKu ONsi pearbHux OaHUX NOJbOMmMie
niomeepounu 2inomesy npo MONCIUBICIMb 00 €OHAHHI MACUBIE 3 MAIUM 0DCA2OM Y
€0UHULL OJ1 PI3HUX NOJLOMIE 0OHO20 [ MO20 CAMO20 NIIOmA.

Knruosi cnosa: macus 3 manum oociecom
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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

3abe3neuenns Oe3nexku moaboTiB moBiTpsiHUX cyaeH (IIC) e kmouoBum
3aBJIaHHSA y UMBUIBHIA aBiarlli. be3reka MOMBOTIB 3aIeKUTh 0OaraTbox
YUHHMKIB, 30KpeMma: BiA TexHiuHoro crany IIC; morogHumx Ta 1HIIMX
30BHIIIHIX YMOB; IOMWIOK TMUIOTAa MiJ Yac MIOTYBaHHS; IOMMJIOK
IHKEHEpHOI ~ aBlallifHOI CIIy)KOM MiJl 4Yac 3JIMCHEHHS TEXHIYHOIrO
oocnyroByBanHsd Ta pemoHTy [IC Tomo. KoxeH 3 HaBeneHMX QakropiB
HOCHUTb CTOXACTUYHHMI XapakKTep 1 MOXE€ BUHUKHYTU B JOBUIbHUNA MOMEHT
yacy mijf 4ac MOJbOTY. 3 METOI0 3MEHIIECHHS HEraTMBHOIO BIUIMBY LUX
(hakTopiB HEOOXITHO 3IHCHIOBATH KOMILUICKC CIICIliaIbHAX 3aXO/IiB.

CroromHi ocobimBa yBara TPUAUISIETHCS TUTAHHSAM, TOB’S3aHUM 13
BIUIMBOM JIFOJICBKOIO YMHHHMKA Ha Oe3neky mnoisoTiB [IC [1]. 3rigHo 31
CTaTUCTUYHUMU JIAaHUMH, 1I€ 3YMOBJIEHO THM, IO OUIBIIICTh MOAIH, SKI €
nepeyMoBaMu J10 aBlakatacTpod, BiI0OYBalOThCs 3 BUHU JIOAUHU. Binomo,
10 MOJIBOTHUH MOYEpK MNuUIoTa € TexHIKow minoryBaHHsa IIC, mis skoi
XapaKTepHl 1HAWBIIyaJlbHI OCOOJMBOCTI JIIOJAWHM. 3a3BUYaM ITOJBOTHHMA
mouepk minota (GopMyeThcs TpH  3400yTTI HHM TICBHOTO JOCBITY
MJIOTYBaHHS Ta € YHIKAJIBHUM 1 XapaKTepPHUM TUIBKU Jii KOHKPETHOTO
misota. OCHOBHOIO TPOOJIEMOI0 MiJ Yac MOOYJOBH MaTEMaTHIHOI MO
JHOTHOTO TIOYEPKY MIJ0Ta € Majll OOCSTH BHMIPSHUX TaHWUX Y IIPOIIECi
BUKOHAHHS KOHKPETHOr'0 MOJhOTY. TOMY B LbOMY JIOCIHIJI)KEHHI OCHOBHA
yBara TPUAUIETBCA TIEPEBIPIIl MOXKIMUBOCTI 00’€qHAHHS BHOIpOK 3a
JCKITbKOMAa TMOJbOTAMU JUISl BUIAJKY CTaJIUX CTPECOBUX CHUTYaIliil.
PosmmdpoBani mani momsotHOi iHGopmarii I[IC boiar-737-500 Oymau
oTpumMani B aBiakommnaHii. [Ipu nbomy Oyiu BUKOPUCTaHI AUISHKH peaabHUX
MOJIOTIB TIICAS BXOAY B TJicaay 10 NPH3EMJICHHS. 3axij Ha TOCaJKy
B1I0YyBaBCs y PI3HHUX aeponoprax, TOMY IOBXHHA TJIiCaAu 1 BIAMOBIIHO
KUIBKICTh JIaHUX PI3HATHCA. {7151 aHami3y JaHUX MOJIbOTHOI 1H(pOopMaIlii 0yino
00paHO aMIUITYyAu TaHraxy. OCKIUJIBKM YKOpOU€HA TJlicajja HETaTUBHO
BIUIMBA€ HA IMCUXO(I310JIOTIUYHY HAIMPYXEHICTh MNUIOTIB [2], HOLIBHO
BU3HAYMUTH 30€piraeTbCs Y HI NOJBOTHUM MOYEPK MUIOTa B PI3HUX YMOBAX
nonsoTy. st BupimeHHs 1€l mpoOsieMu 3aCTOCOBAaHO METOJ Ha OCHOBI
kputepito Kpackema-Yomrica, sSKuii € HemapaMETpUYHUM  aHAJIOTOM
onHodakTopHOro aucrepciiHoro anamzy. Kpurepiit Kpackena-¥Yomrica
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OyB 3aCTOCOBaHMIA I PEATbHUX JAHUX, OTPUMAHHUX MPOTATOM YOTHPHOX
nosiboTiB [1C 3 oHUM 1 THUM K€ TJIOTOM Y TaKii MOCIiTOBHOCTI:

1. OG’enHaHHA HasBHUX HAOOpiB JaHWX B €auHYy BUOipKy. [lms miel
BUOIPKM BHMKOHYIOTH NEPETBOPEHHS YUCIOBUX JAHUX Yy IXHIM HOMEp Yy
BUIMOBIIHIN TTOPSIAKOBIA CTaTHCTHIN. TOOTO I KOXKHOTO 3HA4YEHHS
naTaceTy HeoOXiTHO 3HalUTH HOro paHr, sKuid nozHaunuMo ¢ynkuiero R(7),
ne [ €[1; N] — nomep Bimniky y BuGipiii o6csrom N [Tpu upomy BUOIpKH
MOXKYTh MICTUTH OJHAKOB1 3HAUEHHS, TOJl PaHTH MOXYTb HE JOPIBHIOBATH
LIJIUM 4YuciaM. Y BUNAQAKY KPaTHOCTI NOBTOPEHHS BHOIPKOBOI'O 3HAYEHHS
HEOOXIJHO 3aMIHWTH BIAMOBIAHI paHTH CKOPErOBAaHHUMHU CEPEAHIMHU

3HAYEHHSMH [IUX PAHTIB.
2. BuzHadueHHS CyMapHHUX PaHTIB 3a KOXKHOIO BUOIPKOIO OKPEMO, a caMe

R.() =S R(w), . 0

7€ J BIJAIOBiJa€e HOMEPY BUOIPKH, k ; —obcsr ] -oi BUOIpKH.

3. OtpuMaHHs /I CTATHCTHKHM BiANOBiIHO 10 GOpMYI
. 2
12 & ROw),

= —3(N +1)> 2
N(N +1) ; k, ( ) @)
1 P
C.,=1- t, =Dt (¢, +1)) 3
oy =1/ Crop » (4)
Je P — KUIbKICTh TOBTOPIOBaHHMX 3HA4YeHb Yy BHOipmi, [, — KiJbKICTH

OJTHAKOBUX PAHTIB y U -1 TpyIli MOBTOPEHHS.

4. BusznaueHHs NOpPOry MNPUUHATTS pIIIEHHS Ta MOPIBHSAHHA 3 HUM
PO3pAaXOBAHOrO 3HAYCHHS /] CTATHCTHKM. SIKINO 3HAYCHHS /1 CTATHCTHKH
MEHIIIE MOPOrOBOro, MPUUMAETHCA PIIIEHHS MPO OJHOPIMHICTh JAAHHX Ta
00’€/THaHHA 3a3HaY€HUX BUOIPOK y OJIHY € OOTPYHTOBAHHM.

[IpoBeneni y poOOTI poO3paxyHKH Jisi peaJbHUX JAHUX TIOJbOTIB
MIATBEPAWIN TINOTE3Y NPO MOXJIMBICTH 00 €JHAHHS MACHBIB 3 MalluM
00CATOM y €IMHUN JIJIs1 PI3HUX MOJIBOTIB OJHOTO 1 TOr'0 CaMoro IMiJioTa.
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SIMULATION OF NON-ISOTHERMAL FRACTIONAL-ORDER
MOISTURE TRANSPORT USING MULTI-THREADED TFQMR
AND DYNAMIC TIME-STEPPING TECHNIQUE
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TPOBOBO-TU®EPEHIIAJBHE MOJIEJIIOBAHHS
HEIBOTEPMIYHOI'O BOJIOTONNEPEHECEHHA 3
BUKOPUCTAHHSM BATATOIIOTOYHOI MOJIUDIKAIIIL
AJITOPUTMY TFQMR TA METOJIUKHA ITNHAMIYHOI 3MIHA
KPOKY 3A YACOM

Ph.D. B. boraeuko
Incmumym xibepnemuku im. B.M. I'nywxosa HAH Yxpainu, Ykpaiua,

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

Anomauia. Jlocniodceno egexmueHicms SUKOPUCMAHHA  0A2AMONOMOYHOT
peanizayii 0e3mMPAHCNOHOBAHO20 KB8AZIMIHIMAIbHO20 3AIUUUKOBO20 IMeEPayiiHO20
aneopummy Onsl  pPO36’SI3V8AHHA  JUHIUHUX —CUCMeEM, WO GUHUKAIOMb  NiCls
ouckpemusayii - NOYAMKOBO-KpAtosux 3a0ay Ol  Heizomepmiunoi  0poboso-
ougepenyianbHoi Mooeni nepeHocy B607102U 8 NOEOHAHHA 3 OUHAMIYHON 3MIHON
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0082ICUHU KPOKY 8 YACI HA OCHOBI XApaKmepucmuk 30i0CHOCII K8A3IMIHIMAIbHO2O
3AMUUKOB020 AN2OpUMMY De3 MPAHCNOHY8AHHS.

Knwuosi  cnoea:  6acamonomouna  peanizayis = 0e3mMpaHcnoOHOBAHO2O
K8A3IMIHIMAIbHO20 3ATUUIKOB020 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)—) + D? (k_(H, T)—) S,
or 02T 62T ( oT aTj
C,—=2 + —c, | v.—+v.— |,
ot 8x2 822 Ox oz
0<x<L,0<z<L t>00<a,8<1,
oH OH

Ve =k (H.D)—= v, =k (H.T) =, D“Hz—(D;lHJrD;;H),

1
(-

a

1 tOH
)j —(x=¢)dg,D

_ Yom . .,
DL =) 3 )I ~(§—x)dg

(24
where ~——x 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,) = D020

defined  similarly), PE s the water head,
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H(x,z,t)=h(x,z,t) + z .

is the full moisture potential,

P(x,z,t)

the suction pressure, £ is the water density, & is the acceleration of
oo
Cm) = O(x,2,1)

gravity, Oh s the differential soil moisture content,

the volumetric soil moisture content , kx (H) , kZ (H) are hydraulic
conductivities n fractal dimension (we assume

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

S (x’ Z’t) 1s the source function, Cr is the volumetric heat capacity of

soil, A s the thermal conductivity coefficient, €y 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
L2 Vinnytsia National Technical University, Vinnytsia, Ukraine,
SLviv Polytechnic National University, Lviv, Ukraine

Anomauia. Y pooomi npoananizosano OCHO8HI cucmemu A8mMOMAMU308AHO20
npoekmysamuHs 00s2y. Pozenanymo nowammsa  cucmem  agmomamu3o08aHo20
npoexmysamns. Onucamo YHKYIOHANbHI MONCTUBOCMI THO3EMHUX 1 YKPAIHCHKUX
cucmem Ou3auHy 00sey.

Knrouoei cnosa: cucmemu agmomamuzo8ano2o npoeKmy8amnts, ananiz mKaHuH,
MpusUMIpHe MOOeN08anHs, OU3AUH JeKall, pO3pobKa Mamepiais.

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. Cucremun aBromatuzoBaHoro mpoektyBaHHsi (CAIIP) [1,2]
BUKOPUCTOBYIOThCSI ~ JIJI1 ~ aBTOMATH3allli  MPOIECIB  MPOCKTYBAHHS
MTPOMHUCIIOBHX BUPOOIB.

Ho ramyseit 3actocyBanHs CAIIP nHanexaTh MmIBeHa Ta MOJHA
IHAYCTpil, y SAKUX 3 PO3BUTKOM TEXHOJIOTIH BUHHUKIM MOTpEOU
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aBTOMaTH3allli KOHCTPYIOBaHHA OJTy Ta TPUBUMIPHOI Bi3yamizalii
pE3YNIbTaTIB KOHCTPYIOBAHHS.

Mera. [IpoanamnizyBaTu 0CO0JIMBOCTI OCHOBHUX CUCTEM
aBTOMAaTHU30BAHOI'O POEKTYBAHHSA JUIS TU3AUHY OJIATY.

Jlo BITOMHUX CHUCTEM aBTOMAaTH30BAHOIO MPOEKTYBAHHS ONATY HAJEXKaTh
«'partisi» Ta KOMIUTIEKCH Tiporpam kommadiii Browzwear 1 Tukatech.

Jlo 3aco0iB  TPOEKTYBaHHS OAATY, pO3pPOOJCHHUX  MIKHAPOIHOIO
komrmanieto Browzwear [3], nanexats VStitcher, Lotta, Stylezone, Fabric
Analyzer. VStitcher € 3aco0oM TpUBUMIPHOTO AU3alHY OAATY.

Y mpomeci au3ailHy BHUKOPUCTOBYETHCS TPUBUMIPDHUN MAaHEKEH,
napaMeTpHu SKOTr0 HaJIAITOBYIOThCHL.

[TinTpumyrotbes miadip poTopeadiCTUMHUX MaTepiajiB 1 TEKCTYP OATY,
CTBOpPEHHsI 0araTOIIAPOBHX TEKCTYp TKAaHWH, HAJIAINTYBAaHHS KOJIbOPOBUX
ram, BUKOPHUCTaHHS 30BHIIIHIX IJIariHiB, 010J10T€KH pecypciB 1 “po3yMHUX
mabnoHiB (iHCTpyMeHT SmartDesign), dopMyBaHHS KapT Hampy»KEHOCTI
TKAaHUHH, 1HCTPYMEHTH JEMOHCTpPAI[IHHOIO CKJIaJaHHS Ta I1JBIIIyBaHHS
oJIATy, CUHXpoHi3allis 3 pucynkamu Adobe Illustrator, aBTOpchbKHil 3aXUCT
PO3pOOKHU.

[Iporpamamii 3aci®6 Lotta BUKOPUCTOBYETbCS IS CTWi3allli OJIOKiB
(1raby0HIB) OAATY 3a JOMOMOTOK0 IMI00PY KOMBOPIB, MaTepialliB TKaHHH,
TEKCTYP.

300pakeHHsT AeTanedl omary (OpMYIOTBCS Ha OCHOB1 TpacyBaHHS
nmpoMeHiB. Stylezone € xmapHOH IIATGOPMOIO I JEMOHCTpaIli Ta
[IPOJAXKY MOJIEIIEN OLIATY.

Fabric Analyzer € 3aco0om aHnani3zy (i3MUYHUX BJIACTUBOCTEH TKAHWHU
(TOBIIMHA, €TACTUYHICTB).

[Hpopmariist 3YUTYeEThCS 3 TKAHWHU  CICHIAJIBHUM  TPUCTPOEM.
[IpoanamizoBaHi BIaCTUBOCTI TKAHWHH BUKOPUCTOBYIOTHCS IS TTOOYIOBH i1
TPUBUMIPHOI MOJIENI.

Bizyasni3zoBaHi TKaHMHU 3aCTOCOBYIOTHCS NPHU MOJIENIIOBAHHI OJATY Ta
MOXXYTh OYTH HakJaJeHl Ha BIPTyaJIbHUA MaHEKEH.

VY nponykuii Browzwear BHKOPUCTOBYETHCS pO3poOJieHHN Qopmar
U3M, mo BkiIOYae iHPOpMaLil0 NMPO TEKCTypU Ta (PI3WYHI BIIACTUBOCTI
Marepiaiy.

Jlo 3acobiB TpUBMMIPHOTO MOJENIOBAaHHS OJATY, PO3POOJIEHUX

aMepuKaHChbKOl0  Kommaniero Tukatech [4], wHamexats TUKA3D,
TUKAcloud, TUKA3D DE Visualizer, TUK Astudio.
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Buxopucranuss TUKA3D monsrae y B3aemonii KOpUCTyBada 3
TPUBUMIPHUM MAHEKEHOM.

Mamnekenu chopMOBaHi Ha OCHOB1 TPUBUMIPHOTO CKaHYBaHHS aKTOPIB.

BipTyansHi MaHEKEHH CYIPOBOKYIOTHCS aHIMAIII€l0, M0 BiJoOpakae
B3a€EMOJIIO JIFOMHU 3 OIATOM.

3aci6 inTerpoBanmuii 13 TUKAdesign, mo 3abe3nedye KOHCTPYIOBaHHS
11a0JIOHIB 1 TPayIOBaHHS PO3MIPY OZSATY.

HasiBaa 010/110T€Ka TKAHUH 1 03100JIEHD.

[TinTpumytrotbes iHTerpanis 13 3acobamu Adobe Photoshop ta Illustrator,
TEKCTYypYBaHHS TKaHWH, HAKJIAJJaHHS JIOTOTHUIIIB.

Takox MATPUMYIOTHCS HAJIAIUTYBAHHS KaMepH, OCBITJICHHS, BOYJOBaHI
3aco0M peHJepuHry s (OpMYBAHHS BIPTyaJbHUX (DOTO3HIMKIB OZSTY.
TUKA3D DE € Bepciero TUKA3D nnst qu3zaiinepis.

KopucryBauy HajmaioTbes BiciM  BOYJIOBaHMX  CHIIYETIB  OJATY.
TUKACcloud € yactunoro TUKA3D i 3a0e3neuye B3aeEMOAII0 pO3POOHUKIB
MoJIeNiel OIATY OHJIAMH.

Yucno kopuctyBauiB TUKAcloud y koMaH[I1 € HEOOMEXKEHOIO.

HasiBHa 0a3za maHuX [UIs LIEHTPadi30BaHOro 30epiraHHs (hailjIiB CTUIIIO
ofAry. 3a0€e3IeuyroThCsa 3ac00M 4aTy, MEeperisigy CHPOSKTOBAHOTO OASATY.
TUKASstudio BUKOPUCTOBYETHCS TSI TU3aiiHy TKaHUH.

[TixTpuMyIOTECS KOHTPOJIb KUTBKOCTI KOJBOPIB TKAHWHH, TTOBTOPECHHS
BI3€pPYHKIB, CTBOPEHHS NaJITPp KOJBOPIB, 3aCO0M MOAAHHS B’SA3aHUX 1
NIePEIUICTeHNX TKaHUH.

«I'pamisy [5] — CAIIP, opieHTOBaHa Ha AW3aiiH JIeKal OJATY, BIJ
kommadii Grazia CAD.

Cucrema CTBOpEHa Ha OCHOBI MaTEMaTHYHUX METOIB, PO3POOIECHUX Y
IacTuTyTI Mpobiem mammHoOymyBanHs AH Ykpainu (M. XapkiB) y 1970-x
pOKax.

3abe3rneuyroThes TmepedyaoBa poO3poOJICHOr0 JIeKaja BIJAMOBIIHO 0
3a7]aHOTO PO3Mipy, HAHECEHHS Ha JieKajla HaIKCIB 1 JIOTOTHUITIB, IPYK JieKaa.
VY 2000-x pokax 10 3aco0iB aBTOMaTH3allli PO3KIAJKH Ta KOHCTPYIHOBaHHS
J0JaHO 3aco0M aBTOMAaTW3alli 1HIIMX €TamiB MOLIUTTS OAATY, 30Kpema
00JIIKY BUPOOHHMIITBA.

«'pamis»  BKIIOYaEe MiACHCTEMU  Au3aiiHy  (po3poOKa  €CKi3iB),
KOHCTPYIOBaHHS Ta MOJETIOBaHHS (pO3poOKa JieKand), 1HAWBIAYyalbHHX 1
KOPIOPAaTUBHUX 3aMOBJICHb (MiATpUMKa 0a3u BUMIPIB KIIEHTIB), TEXHOIOTI1
BUTOTOBJICHHS (MIATPUMKA 0a3u BUPOOHUYMX PECYPCIB), PO3KIIAIKH JIEKaJ
(mpoexTyBaHHS pO3KIAJO0K), MEHEIKepa pO3KIaAoK (MATpUMKa Oa3u
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PO3pOOICHUX PO3KIAJO0K), TUIAHYBAHHS KOJICKIIM (KEpyBaHHS IIJITAHOM
pO3pOOKK Mojeneil), MiIaHyBaHHS BUPOOHHUITBA (YNPaBIIHHS BUITYCKOM
BUpPOOIB Ha OCHOBI PO3pOOJEHUX Mojenei), 00Ky maTepiaiiB (aHami3
CIIMCKY MaTepiajliB Jjig BUPOOHHUIITBA OATY), OOJIIKY T'OTOBOI IMPOMYKIIii
(aHami3z TOMMPEHHS TMPOMAYKIi), YHpPaBIIHHA IANPUEMCTBOM (aHaI3
BHPOOHHYMX IMOKA3HUKIB).

HasBni Bepcii «Ctyaent, «Dpinancepy», « Atenbe», «IlianmpuemMcTBoy.

BucHoBok. CucreMu aBTOMAaTHU30BAaHOT'O IPOSKTYBAHHS JIO3BOJISIOTH
HiABUIIUTH MPOIYKTHBHICTh BHPOOHUIITBA OMATY 32 PAaXYHOK 3UMTYBaHHS
XapaKTepUCTUK TKaHWH, (OpMYyBaHHS MIA0JOHIB TMOMIUTTA  OJATY,
TPUBUMIPHOI Bi3yasi3alli OJArYy, BIPTYyaJbHOIO INPUMIPIOBAHHS OJATY Ha
MaHEeKeHax.
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STUDY BRIDGE STRUCTURES DYNAMICS USING SIMULATION
ON ANSYS

Ph.D. A. Stakhova!l0000-0001-5171-6330] "pp ) A Beko?
Slovak University of Technology, Slovak Republic
EMAIL: 'anzhelika.stakhova@stuba.sk, adrian. beko@stuba.sk

JTOCJIIKEHHSI IMHAMIKH KOHCTPYKIIIM MOCTIB 3A
JOHHOMOI'OIO MOIEJIOBAHHSA HA ANSYS

Ph.D. A. CraxoBa, Ph.D. A.bekbo
Cnosaywvkuii mexnonoeiunuii ynieepcumem, Cnosayvka Pecnyoinika,

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

Anomauyia. Ompumani pe3yrbmamu po3paxyHKie 00NoMazaionb GUHAYUMU
Ppe30HaucHi yacmomu 0ns pexcumie Koaueanv. Ilpocpamne 3abe3neuennss ANSYS
BUKOPUCMOBYEMBCS OISl CMBOPEHHS. MPUBUMIPDHOL 8IpMYAIbHOI MOOeni MOCmo8oi
KOHCMPYKYIi, Wo 0038011€ OemalbHO NPOAHANI3y8amu ii OUHAMIYHY NOBEOIHK).
Jlocnioocenns cneyianbHo po3paxosye nepuii mpu pexcumu eiopayii memanesoi
MOCMOBOI KOHCMPYKYIL pycla piukKu 3 YUCETbHUMU Pe3VIbmamami, OmpuMaHumu
ons wecmu pexcumis. Ilpakmuune 3HaUeHHS Yb020 OOCNIONCEHHS NOJIACAE 8 MOMY,
WO 8OHO MOJICe CNPUSMU NPULIHAMMIO 0OTPYHMOBAHUX piuleHb wo0o OYOieHuymada,
00Cy208Y8aHH MA MOOEPHI3aYii MOCMOBUX KOHCMPYKYILL.

Knrowuosi cnosa: npoepamnuii komniekc ANSYS, xomn tomepne mooeniosanus,
MOCMOBI KOHCMPYKYIi, OUHAMIKA, 8IPMYAIbHA MOOEb

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 ANSY'S 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 ANSYS (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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IMPOEKTYBAHHS IHOOPMAIIIMHO-KEPYIOUYOI CUCTEMH
HNIATPUMKU JIAJIBHOCTI HIAIHNPUEMCTB PO3APIGHOI
TOPI'IBJII
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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

Annomauyin. VY pobomi Hasedeni  pesyremamu  pos3poOKU  NPOEKmy
iHGopmayitino-Kepyowoi cucmemu NiIOMPUMKU OISLIbHOCME NIONPUEMCING PO30PIOHOT
mop2iéii.

Knwuoei cnoea: ingopmayiiino-kepyioua cucmema, 60y0o8ana cucmemd,
OpyKo8ana 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 ocuHoBy po3pobnenoi IC mis aBToMatm3aliii JisUTBHOCTI TiAIPHEMCTB
po3apiOHOi TOpriBml ToOKiIaneHa cTBopeHa tuiata FOR 3 po3poGnenum
MporpaMHUM 3a0e3ledueHHsIM, M0 3a0e3meuye Oe3mepebiitHy poOoTy
KacoBHX amapartiB (puc.1).

HwoxHill piBeHb cucTeMU NMPU3HAYEHUH JUIsi 0OpOOKU CTAaTYCIB 1 A3BIHKIB
3 kac. [CS npairroe B pexxumi 6e3nepepBHOT 00pOOKH MOTIHA.

Hanpukian, sKio 3amuT Ha BIIKPUTTS KACOBOTO armapaTy HaJIXOIUTh BiJl
nyabTa Kach, CHUCTEMa TEHEpye 3BYKOBHUN CHUTHAJ, SKHA TMOBIIOMIISE
MIEpPCOHA PO BIIKPUTTS KAaCOBOT'O arapary, IO TaKOX CYIPOBOJKYETHCS
CBITIHHSM Ha Ta0JIO BIAMOBIJHOTO CBITJIOMIOAA Ta 3€JIEHOTO KOJILOPY Ha
CBITJIOMIO/THIM CTPIYIIL.
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Cucos Connect

| N

statistics
alemull
sBumpas

settings

FOR-manager FOR-board <

CAN-commands

Y

Extension
boards

h 4

A

statuses

commands
sasniels

Till tableaus

Pucynok 1. Cxema ¢pynxyionysanus cucmemu FOR

[limx gac poOOTH CHCTEMH TaKOX IepeadadeHa po30JIOKYBaHHS TaKHX
GyHKIM, SK: BUKIMK MEHEIKepa;, 3aMiHa KacHpiB; TOBIJOMIICHHS TIPO
3aKpUTTS Mara3uHy; MOBIAOMJICHHS CIIBPOOITHUKIB, IO UIyTh Ha MEPEPBY;
BKJIFOYEHHS CUTHAII3aIMi 1 T. 1I..

Cucrema Takox o0poOssie iHpopMaIIito 3 IIaT PO3MIUPEHHS, a caMe PO
JIOBT'Y 4epry MOKYMIIB 3 JAaTYMKIB pyXy, CUTHAJIM BIJl CIIy>KOM Oe3rneKw,
CUTHAJIM B1Jl BIpTyaJIbHUX KAaCOBUX amapaTiB Ta 1HIII.

B ICS BOynmoBaHi MIKpONpOLIECOPH, NPOrpaMHUNA KOI JUISl SIKHX
HamucaHuil MoBow mnporpamyBaHHs C B cepenoBumil po3podoku IAR
Embedded Workbench IDE.

AmapatHoto ocHOBoro cuctemu € 1iata FOR-board. Crpykrypa
amapaTHOro 3a0e3NeueHHs IJIaTH BIAMOBIAAae Tpadiuniit momeni (puc. 2).
[Tnata FOR (puc.2) peectpye, o0po0Oiisie 3MiHU CTaTyCy 1 T€HEPYE BUKIUKU
KacoBOI'O amapary.
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i mani BigOOpaXkarOThCS Ha MOHITOpPI CTaHy, a TaKOX B PIZHUX
KOJIbOpax CBITVIOAIOAIB Ha TMyJAbTI AUCTAHLIMHOIO KepyBaHHS, MpHU
BIITBOPEHHI ayAio-(aiiiiB 1 T. 1.

HamamryBanuss twuiatm pobutbes 3a gomomoror mporpamu  FOR-
manager. I[lmata FOR 3a3Buyaii po3MmillyeTbcss B CEpPBEpHIM KiMHATI
M1 ITPUEMCTBA.

nonvolatile memory

nierface JTAG

U /0 ports —> regaier HC16S

oulputports  |€¢—{ relay pci-105d3mh |
/

/

/

/

it > despswiches
m2576hvs-adj
/\ cironic elhemet port
| powersuoply ) -

N

........

Pucynok 2. Mooenv anapamnoco 3abe3neuennus FOR-niamu

Cxemy mnatu FOR-board naseaeno Ha (puc.3). Ha mati FOR npucythi
HacTynHl noptu: 8 moptiB till mns xac (tabby) - BOHM BUKOPUCTOBYIOTHCS
cniBpoOiTHUKaMH KacoBux amapatiB, mnopT CAN mns  migkiIrodeHHsS
JIOJATKOBUX IUIAT, TAaKUX SK IUlaTa PO3MIMPEHHS, HAMpUkiam, aada 16
KacOBHX arapariB;, IUiaTa JUIi poOOTH 3 JaTYMKaMHM Yepru, IuiaTa s
po0OoTH 3 pamisMu nepcoHany 1 T. 1.; mopT RS 232 nns HamaromkeHHs
¢dbynxkiit; [opt Ethernet nns migkmtouenns miaty g0 Mepexi Ethernet; nBa
ayJio-TIOpTH 7151 BUBEACHHA ayaio-daitnis; USB-mopt mis miaKIrOYeHHS 10
komm'torepa (ab6o mo matu Raspberry Pi); mopt mns SD-kaptu - Ha Hiif
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30epiraroThcs aymio-Gaiian 1 BUKOHYIOTHCS JIEAKl MPOrpamMHi TPOIEAYpH;
BICIM MOPTIB ISl CBITJIOMIOMHUX CMYT (CBITIIOAIOMIB), IO BigoOpakaroTh
CTaH KacOBWX amapaTiB I TOKYIIIIB; JIBa TIOPTH BBEICHHS/BUBEICHHS
(BXia/BUXim) JuUIsl TIAKIIOYCHHS BUKIWKY Ha 3aaHboMy Bxozi (Backdoor
Bell) a6o mmatu posmmupennas U 1/0O; nBa BUXITHUX TMOPTH Il BUBEICHHS
JIOJTATKOBUX CUTHAIIIB; ITOPT JIJIs )KUBJICHHS TUIaTH 24 B mocTiiHOTO CTpyMmYy.
Takox 1o mikpomnpoiecopa AMD Ha muiati po3milleHi: eHeproHe3aneKHa
1aM'sITh; JUKaMIICPH; 1HII €JICMEHTH CXEMHU.

usB

LED-strips ports connector
SD-card l

port

Input/Output — ’ — right
port 1 _ audio-channel
| — left
Inp:t;gu;put_ ’ audio-channel
n WLAN-adapter
Outputport 1— =
Outputport2 — =
Power supply — i
connector 24V B .5 = 88 LAN-adapter

|

CAN-port

Tableau ports

RS-232
debug port

Pucynox 3. Cxema FOR-nramu

bitoBuii ¢aiin BOymOBaHOrO MPOrpaMHOro 3a0€3MEUYEHHSI MPOrpPaMHO
BIIUTUI B  MIKpomnpolecop, 3abe3neuyroun  (yHKii:  30epiraHHs
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KOPHUCTYBAallbKUX 3HAau€Hb; BUKOHAHHS OOYHCIIEHb, 00OpoOKa 1 TeHeparlis
TOJ11¥; 3B'S30K 3 TOIATKOBUMU MIPUCTPOSIMHU 1 T. JI.

KuBnennss  Mikporporiecopa  3IIACHIOEThCS — 4epe3  cradimi3aTop
Im2576hvs-adj 1 deep-mxammepu.

Deep-mxammiepu npu3HAYeH] I MIepeHAIAITyBaHHS PEXUMIB POOOTH
IJIaTH Ha HU3bKOMY (TJITMOOKOMY) MMPOTPpaMHOMY PiBHI.

Hezanexna nam'ate 103BoJIsi€ 30epiraTy BHYTPIIIHIN 3BOPOTHUM BIJUTIK
yacy poOOTH IUIaTH HaBiTh y BUMKHEHOMY CTaHi, a TaKoX 30epiratu
CUCTEMHI CTaTyCH Ha JIeIKUI Yac y pasl 3001B KMBJICHHS IU1aTu. [HTEpdeiic
JTAG BUKOpUCTOBYEThCS IIPU OHOBJICHHI MPOIIUBKUA IpoIecopa 3a
noroMororo nporpamaropa STM32 ST-LINK.

3 BEpXHBOI CTOPOHM MOJENI JO CBITJIOAIOJAHMX MOPTIB MiAKIIOUYEHI
CBITJIONIOAHI CMYTH, II0 CUTHAMI3YIOTh KJIIEHTaM 1 TMEpPCOHAy MpO CTaH
KaCOBHUX arapariB 1 uepr.

[Toptu migkIrOYeHi 10 MiKporpolecopa yepe3 perictpu 74hc595. Ha
SD-kapti  30epiratotbcsi  aymio-paiin  cuctemu, (¢Gaiil  MOTOYHHUX
HAJIAIITYBaHb, a TAKOK BUKOHYIOTHCS JIESKI MpolecH (HampUKIIaj, OHJIAiH-
3aBaHTAXEHHS HaJIAIITyBaHb 3 cepBepa). SD-kapTa mpalitoe B MOETHAHHI 3
nam'sittio FTDI 2048-C.

TakuM YHHOM, TOproBa OpTaHi3aimis 3a JIOIMOMOI'OK JOJaTKOBOTO
IIPOrpaMHOTO 3a0€3IMeUeHHST MOXKE HAJIAIITOBYBATH MapaMeTPH 1 MOBEIIHKY
cucremMu, KoHTpomoBath ctaH [C uyepe3 BiAmajgeHUN KOMIT'IOTEpHUMN
PUCTPIH.

3BYyK BIJl TOMIH, 110 BIiAOYJIMCS BUBOAMTHCS HA JIBa ayai0-TIOPTH. Aymdio-
dbaiii po3MOIUISIIOTECS MO ABOX KaHAJIaX, 3aBASKH YOMY OJHA YaCTHHA
aylio MOXKE€ BIATBOPIOBATHCA JUIS KJIIE€HTIB, a IHINIA dYacTWHA - JUIS
nepconany. SD-kapra, USB-mopt 1 aymio-mopTu MIAKIIOYEHI 10
mikpocxemu VLSI VS10538, sika monepenHbo 00po0IIsie CUTHAINA Tepe iX
M0/IaYet0 B MIKPOIPOIIECOP.

Po3z'emu st esp wroom 32 - 11e moteHmiiHa QyHkmioHanbHICTE AP mist
miakiIroYeHHs wiat ESP.

3a nmonomorow kabemto Ethernet mmara Moxke OyTd MIAKIIOYEHA [0
InTepunery abo nokampHOi Mepexi. Till-mopTM BUKOPUCTOBYIOTHCS IS
1 JKTIOYEHHS TTaHeJIeld yIpaBiIiHHS Ha Kacax.

[li noptm mAKIIOYEHI [0 MIKpOIpoLecopa Yepe3 EIeKTPOHHI
KOMIOHEHTH mnpenporiecopa ADM20SE.
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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

Annomauyia. Jlisnonicms 1100CbK020 MO3KY HAOIUMNCEHA 00 20102PApiuHux
npuHyuUnie 06pooOKU iHgopmayii, wo, y ceoto uepeay, y3200H4CYEMbCI 3 Memooamu ma
aneopummamu 0opooxu ingopmauii 6 SRC.

Knrwouoei cnosa: anecopummu oopooku ingpopmayii ¢ 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. Mooenb mpancnopmmuoi cucmemu HA OCHOBL HEUPOHHOI MepexCi
Modice Oymu 8UKOPUCMAHA NPU CUHME3] ANCOPUMMIE ONMUMATILHO2O Kepy8aHHs
napamempamu  HOMOKY CeKYii KOHBeEpa 3 MemoN  3HUNCEHHS  NUMOMUX
eHep208umpam Ha MpaHCnOpmy8anHs Mamepiany.

Knrwouoei cnosa: netiponna mepesica, nomok ceKkyii 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 mmput 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.

Al
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Figure 1. 1. Input material flow for the SRs 2000 bucket-wheel excavator
[4]

The random variable A is introduced as dimensionless variable 7 .

Fig.2, Fig.3 show the correlation function K (:#) of a random process
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v(7) , as well as the distribution density fs(jf) and f m (7/ ) of random

variable .

The expression for the function K, (%), as a first approximation, to

confirm the assumption that the input flow A(¢), 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(8)

Figure 2. Correlation function K , (:3)

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 ¥ 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.

f(y)

Figure 3. Distribution density f (y)and f,,(7)
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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

Annomayia. Bukopucmanus napanenvnoi ma posnoodileHoi apximexmypu
NOKpawgye NPOOYKMUBHICMb NI0 YAC BUKOHAHHS 3AIENHCHO 8I0 KIIbKOCMI Npoyecopis
i Yacy 6UKOHAHHAL.

Knrouoei cnosa: napanenvha ma posnodiiena apximekmypa

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 / bit in S@GD (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: M SG message is transmitted from S to D using r

1 begin

2 dir=S&@D

3 | r[0] = Source

4 j=1

5 fori=1ton—1do

6 if dir(i) == 1 then

: i) = rlj — 1] @2
. rlj] € ol -1
j=i+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-/
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).
Data: S = source, D = destination, M SG, n=size of S and D
Result: M SG message is transmitted from S to D

1 Function Route Msg(S, D, MSG,n):

2 if S==D orn==0 then

3 | return 0

4 end

5 if S[n| & D[n] == 1 then

6

7

8

| S[n] = Din]
end
return Route_Msg(S, D, MSG,n — 1)
9 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) + h6(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), M SG: message
Result: MSG message is transmitted from S to D using r where is
an empty array with n size
Function Route (S, dir,r,left,right):

[

2 if left == right then

3 rlleft] = S @dir[l, right]*2n—right
4 return ()

5 end

6 mid =|(left + right) /2]

7 Route(S, dir,r, left, mid)

8 Route(S, dir, r,mid + 1,right)

9 End Function

10 fori=0ton—1do

1| rfi 4 1] 5 i)

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)O(n'° ) = 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 < 2n—1. running
time 1s
lg(address length)
C on 2n 2 n—1
ase 2. processors, where n € N, > address length > ,

running time is
lg(number of processors)

n n
Case 3. 2 processors, where n € N, address length > 2 , running time is

184



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

ZI:LH gladdress length)]-Ig(number of processors)) l g ('number of process OI’S')
Using a parallel and distributed architecture ’results In improvement 6n
runtime performance depending on the number of processors, runtime.
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PO3POOKY PI3HUX MOOenell, MAKUX K. MOOelb NPUliHammsi piuiens, mepedici baiieca,
mooeni Mapkosiya i3 onmumizayieto 3a xoeghiyiecnmom Illapna ma minimizayiero
PUBUKIB, @ MAKOIHC MOOeb WmyuHo2o inmenekmy. byno euxonano mooentosanHs i
NOPIBHAHHSA eheKmUeHOCmI Yyux mooeell Ha PeanbHUuxX ICIMOPUYHUX OAHUX.

Knrwuosi cnosa: wmyunui inmenexkm, moodenv Mapkosiya, mepesca baiieca,
epadieHmuutl Oycmune, ingecmuyitinull nopmaerns.

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.

Jlnst mBUAKOTO 30UIbIIEHHS KamiTany, JIIOJAWHA BKIAJA€ TpOII Yy
HEPYXOMICTb, KYIy€ PI3HI BalllOTU 1 aKIii KommaHid, ToOTO (dopmye
IHBECTUIIINHIA mnopTdenb. [ns CTBOpEHHS SKICHOIO 1HBECTHIIIHOIO
nmoptdenro MoTpiOHO TpoaHaNi3yBaTH 3HA4YHY KUIBKICTh (hIHAHCOBHX
MMOKA3HUKIB. Y Hamiiid poOOTI BUKOHAHO JOCHIKEHHSI PI3HUX METOMIB Ha
peaTbHUX JAaHUX, Cepell SIKUX: TMOKBApTaJbHI 3BITHM KOMIIAHIM, IIO/ICHHI
3BITH KypCY aKIliii, Ta ycTaHOBYl JaHl koMmmaHiil. [IpoananizoBano Ouibie
500 xommasniit B iepion 3 01.09.2017 mo 28.09.2022.

OcHOBHUMH MOzENsIMU (POPMYBaHHS 1HBECTULINHUX HOPTQEIIB 00paHO:
MOJIeJIb TPUUHSATTS piiieHsb [1], moaens MapkoBilia, ONTUMI30BaHa IUIIXOM
Makcumizamii kpurepis Illapna Ta MiHiMI3alii PU3UKOBAHOCTI HOPTQEIIO
[2], mepexxa baiieca [3], a Takok po3poOJIEHO BIIACHY MOJIENh Ha OCHOBI
METOAY I'PaJiEHTHOTO OyCTUHTY [4] 3 elleMEHTaMU IITYYHOT'O 1HTENEKTY JJIs
MPUAHATTA pillieHb o0 (popMyBaHHS MOpTdeno. Yci MOAeHl y Hamii
CUCTEMI IPALOI0Th OKPEMO, IO JO3BOJISE MTOPIBHIOBATH iX €()EKTUBHICTH Ta
odupatu  ONTUMAJIBHUKA  MeToh  Juis  NoOyloBHU  HPHOYTKOBOTO
1HBECTULIIHHOrO TMOpT(ento. AHaTI3yBaJIUCh Taki TMOKa3HUKU sK: Netinc
(uuctuit mpubytox), EBITDA (moka3sHuk mnpuOyTKy A0 BiapaxyBaHHS
BUTpaT MO BWIUIATI BIJICOTKIB, moaaTkiB, amoptu3zamii), FCF (BuibHui
rpomoBuii 1oTik), Current ratio (koedimieHT mikBiAHOCTI). Ili TMOKa3HUKH
BAXKIIMBI IS YCIX MOJENeH, OKpiM Mozeni MapkoBira, sika BUKOPHUCTOBYE
JUIIe IiHY akmid st GopmMyBaHHS mopTdento. BakiuBUMU MOICHHUMHU
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nokazHukamu €: Close (1iHa 3akpuTTs Kypcy akimii) 1 Marketcap
(xamitamizauis). Haiikpaimi pe3ynbTatd TOKa3aja MOJAETb IITYYHOTO
IHTENIEKTY 13 HalOUIbI TPUOYTKOBUM 1HBECTUIIIHHUM TIopTdernem (Tabm. 1).
Bucoki moka3HMKH epEeKTHMBHOCTI TIOKazajda MoAelb Mapkosinma 3
OINITHMI3AIIEI0 MIUIIX0M Makcumizallli koedimienra [Hlapma. Yci i\ momeni
chopmyBanu HeNpuOyTKOBI mopTdem. OTpuMani pe3ynbTaTH HiATBEPAIH,
mo po3poosieHnit Metoq Ha ocHOBU IIII mae Buiry edheKTHBHICTB, HIXK
KJIACHYHI METOJIM, a IHBECTHLIMHUN mnopTdenb MpUHIC HAWBUILY
npuOyTKOBICTh cepell 1HmMX nopTdeniB. Cam noprdens € 30a1aHCOBAHUM,
0 CBIOUUTH IpO Horo HafaiiHicTh. llepeBara po3poOieHoro Meroay Ha
ocHoBl Il momsirae B ToMy, 110 BiH aHaI3y€ PUHOK B IIUIOMY 1 MOXE
MOPIBHIOBATH KOMIIaH1i MK CO0010.

Tabmuusa 1. IlopiBHSHHS OTpUMAaHUX 1HBECTHIIIMHMX NOpTdENTiB Ha
OCHOBI Pi13HUX MoOjiefiel (BKa3aHi JIMIIIE KIIF0YOB1 00’ €KTH)

Kosmasis T Gempm) SMBCEDLI0Sh.  SAIDOHORORNOLo
Ilpoumert  Moxiz II pouent  Hoxig II [pouert  Joxig

TSLA -64.24 1.4 -89.94 3.9 -250.54 - -
STLA -4.77 23 -10.97 0.2 -0.95 10.72 -51.13

™ -8.15 333 -271.40 2.7 -22.01 - -

ADBE -87.1 1.4 -121.94 2.1 -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

NVDA  -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 7.20 91.35

Total profit -105.67 96.75 195.93
Jlitreparypa

[1] Zgurovsky, M. Z., & Zaychenko, Y. P. (2017). The Fundamentals of
Computational Intelligence: System Approach. Springer International Publishing.
https://doi.org/10.1007/978-3-319-35162-9

[2] H. Msrkowitz, Portfolio selection: Efficient Diversification of Investment, 1991,
p. 51-356.
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[3] J. Pearl, S. Russell, Bayesian Networks, in: M.A. Arbib (Ed.), Handbook of Brain
Theory and Neural Networks, Cambridge, MA: MIT Press, 2003, pp. 157-160,
https://ftp.cs.ucla.edu/pub/stat_ser/r277.pdf

[4] Freund Y., Schapire R., Boosting: Foundations and Algorithms (Adaptive
Computation and Machine Learning Series), 2014.
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BU3HAYEHHSI MAPAMETPIB EJJEKTPOHHUX KOMIIOHEHTIB
HA BA3I KJIACU®DIKAIII 3 BEUBJIET-IEPETBOPEHHSIM TA
JIJAHIIOI'IB MAPKOBA
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EMAIL: galina.sherbakova@op.edu.ua

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

Anomauia. Jlocniosceno memoouxy 3acmocysanHs kiacughikayii 3 eetigiem-
nepemeopeHHIM NpU a8MoMamu308aHOMy nepeddadeHti napamempie el1eKmpoHHUX
KoMnonenmie Ha 0a3i nanyrocie Maprosa. Taxuil nioxio 003601umb CKOPOMUMU Ydac
BUPOOHUYUX ICNUMIB ON  eleKMPOHHUX KOMNOHEHMI8, W0 obuparoms 07
BUKOPUCMAHHA 8 00820 NPayI0Ioill anapaniypi 8i0no8ioanbH020 NPUSHAYEHHS.

Knrwwuosi  cnoea: rxnacugixayis,  eetienem-nepemeopenus  (BII),  wym,
eIeKmpoHHa 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.

s Toro, mo0 CKOPOTUTH BHUTPATH dYacy 1 3JICHICBUTH BHPOOHHUI

ICIUTH TIPU OIIHII BUXOAY MapaMeTpiB €IEKTPOHHUX KOMIIOHEHTIB 3a MEXI1
nojisi  JONYCKY BHUKOPHUCTOBYIOTh  ABTOMATHM30BAaHE IPOrHO3YBAHHS
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napamerpiB BupoOiB [1,2], Hampukiaa, TpH BiIOOpI KOMIIOHEHTIB IS
anapaTypyd BIANOBIJAIBHOIO Mpu3HayeHHs. Yepe3 ckiaaHy, 3 Oaratbma
eKCTpeMyMaMu (BITHOIICHHS CHUTHaji/3aBaga A0 10 mo amrmiiTyml)
MMOBEPXHIO ()YHKITIOHATIB SKOCTI B POOOTI MPOIOHYETHCS BUKOPHUCTATH HA
OJTHOMY 3 €TaIliB PO3pOOJICHUH IJII TAKUX YMOB MeTO/ Kiacudikamii Ha 6asi
BeiiBner neperBopeHHs (BII) [3]. OcobmuBocti kmacudikarii 3 BIT Oymu
MepeBipeHl eKCIepuMeHTaIbHO. SIK 3HaueHHsA peamizamiii (QyHKIIOHATY
QO(x,c) npy OILIHII 3aBaJOCTIMKOCTI METOAY B POOOTI MPHUIHATO KIJIBKICTh
00'exTIB, 1110 TOMHUIKOBO KiacudikyroTecs 3a aonomorow C. Ilpouemypa
knacugikanii Oyna MojauieHa Ha JBa €Tald: PEeXUM HaBUaHHS Ta poOOUMid
pexum. OOpanuii MeTo Kiacu@ikamii T03BOJIMB MPOBECTH MO KJIACIB Y
MPOCTOP1 O3HAK 3 BHCOKOIO CTIMKICTIO J0 Mepemkoa. s qocmiKeHHs
3aBaJIOCTIMKOCTI MeTony Oyiia MpoBeAeHa Kiacu(ikaiis A ABOX KIACIB y
IpOCTOpPl O3HAK B YMOBax IHepemkoa (poOouuii pexuM) Ta OIliHEHa
3QJIEXKHICTh 3MIHM CyMapHOI WMOBIPHOCTI MOMUJIOK MEPIIOrO Ta JAPYroro
pony P 31 301JIBIIICHHSIM OIIIHKHU BIJIHOCHOI1 BEJIMYUHU
CepeIHbOKBAIPATHYHOT'O BIIXWIECHHS TMapaMeTpiB Kiacy. B pesynbrati
3actocyBaHHs kiacudikamii 3 BII cepenniil puszuk 3menmuBces Big 3 go 30
pa3iB 3a 3MIHM OIIIHKA BIJHOCHOI BEIUYHHH CEPETHHOKBAAPATUIHOTO
BiAXuieHHs B mpoctopi o3Hak Bix 0,04 no 0,23 (mias AOBXHHH HOCIS

BEUBJIET (PYHKIN] L= l4). JlocmipKeHHsT TMOKa3aju, 10 BHOIp JOBXKHHU
HOCISI T03BOJISIE€ 3a0€3IMEYNTH CTIMKICTD JO MEPENIKO/ 1 MOXHOKY, HEOOX1H1
JUTSI BUPIIIEHHS BKa3aHOI MPHUKIAAHOI 331241,

[ligxix BumpoOyBaHO MpU OINHII IMOBIPHOCTI BHUXOAY TIapaMeTpiB
PE3UCTOPIB 3a MEXI1 MOJISI AOMYCKY JUTsl CHHTE30BaHOo1 BUOiIpku. [Ipu nmbomy
Oyna mpoBeldeHa OI[iHKa NPUHAJICKHOCTI PE3UCTOPIB Kiactepam JUIs
MomeHTy 4acy t5 (10000 romuH), TOPIBHSAHHSA 3 TPAHMISIMH JIOMYCKY 1

n
OII1HCHA ﬁMOBlleCTB P =—, J¢ N — KUIbKICTb 00’€KTIB 3 BIPHO

BU3HAUEHUM HOMepoM Kiacy; /N — 3arajbHa KilbKicTh 00’€kTiB. Jljis
nocmimkenas ug  umosipuicte P =0,7, mo Bignoimac Bumoram
NPAKTUKUA. Y BUMNAJAKY, KOJM JJisi BUPIMICHHS 3a4ayl Oyiau BHUKOPHUCTAaHI
Kiactepusallis 1 kimacudikaris Ha 6a31 OIIHKH TPaJIi€HTY, P wmxue B 1,3
pasu, IO MIATBEP/KYE 3OUIBIICHHS CEPEAHBOTO PHU3HWKY BITHOCHO

JocHiKyBaHoro niaxoxay. lLleil pe3ynbTar 103BONISE peKOMEHAYBaTH 1€
MeToJl kinacudikallii s BiIOUpaHHS BUPOOIB E€IEKTPOHIKU, MPU3HAYECHUX
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JUIS BUKOPUCTaHHS B JIOBrO MPAIIOIOYill amapatypi BiJIOBIAaJIbHOTO
MIPU3HAYCHHS.
Jliteparypa
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THE ANALYSIS OF MODELS OF THE BLOCK-CYCLIC
STRUCTURES OF THE DCT-II CORE FOR THE SYNTHESIS OF
FAST ALGORITHMS
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AHAJII3 MOJIEJIEN BJIOKOBO-IIUKJITYHUX CTPYKTYP
AOPA DCT-1I JIA CUHTE3Y HIBUAKUX AJI'OPUTMIB

Dr.Sci. 1. IIpoubko, P. Puxkmac
Hayionanonuu ynisepcumem «J/Ivgiecoka nonimexuika», Ykpaina

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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Anomayia. Aunaniz mooenei 6nouno-yukaiunux cmpykmyp sopa DCT-II
00360JI5€ 8 Npoyeci CUHMe3y aneopummie 3abeneyumu eqrekmueHy npoepamHy abo
anapamuy opeaHizayilo nepemeopeHb HA OCHOBI YUKIIYHUX 320PMOK Ol KOHCHO20
KOHKPEMHO20 PO3MIp).

Knrouosi cnosa: ancopummu, yukiiunu 320pmxu

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:

2n+ Dk

l, k=01,..N—1 (1)
2N

X2 (k)= Zx(n)c s[

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 (LZ)Hk (Lk) :(hH’hlZ""hlLl)(h219h227"‘h2L2 )"'(hkLlﬂhkLZ""hkLk)a (2)

where /;; are integer elements of cycles H;(L;) with size L; elements (i =
2,....kj=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+L;)
of the first elements z; ;c;; 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 ¢;; 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-II yields 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 M.
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HIABUIEHHA AKTYAJIBHOCTI HOLIYKY HAYKOBUX
CTATTEM B IHTEPHETI HA OCHOBI KOMBIHOBAHOI'O
BUKOPUCTAHHA PI3BHUX METO/1B
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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 nowtyky Haykoeux cmamei 6 Inmepnemi
MOJce 3HAYHO NONecUUMU 3a80AHHS NOWLYKY aKmyauvbHoi iHgopmayii ma
niosuwenns it AKocmi.

Knrwwuosi cnosa: rombinosanuii nioxio 00 NOWYKY HAYKOGUX cmameli 8
Inmepuemi

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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AUTOMATION SYSTEM FOR THE RECOGNITION OF MEDICAL
DRUGS USING MACHINE LEARNING TOOLS
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Annomauia. Y pobomi nasedeni pezyiomamu po3poOKU Npoekmy cucmemu
asmomamu3zayii po3ni3HABAHHS MeOUUHUX JNIKI8 3acobamu MAWUHHO20 HABYAHHS,
30KpemMa Wmy4Hux Helpomepeoic.

Knrouosi cnosa: posniznasanns obpasie, mawunne HAGUaHHs.

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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PosmizHaBanHs o00pa3iB Ta TEKCTOBOIO KOHTEHTY € aKTYyaJbHOIO
JOCITIPKYBAHOIO TaTy3310 B MalllMHHOMY HaBuaHHi [1]. Bee Oubine cucrem
BUKOPUCTOBYIOTh aJITOPUTMHU Kjacudikarlii IJis aBTOMAaTH3aIli MPOIECIB.
OpHvM 3 HAWTrOJOBHIMIMX HANpPSIMKIB MAIIMHHOTO HABYaHHS € INTY4HI
HerporHl Mepexi [2]. s meauanoi chepr 3acTocyBaHHS PO3II3HABAHHS
MOKE TIOJIATaTH y BIJHECEHHI BHUXIJHUX JAaHUX JI0 TEBHOrO Kjacy 3a
JIOTIOMOI'OI0 BUJIJIEHHS CYTTE€BHX O3HAK, IO XapaKTEepPU3yIOTh Il JaHl 13
3arajbHOi MacHl HECYTTEBUX JaHHUX, 30KpeMa 300pa’keHb JIKIB.
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Pucynox 1. Jliacpama oisinbnocmi 0151 pO3Ni3HABAHHS NIKI8 ) cucmemi

[IporioHoBaHa cucTeMa siBIIsi€ COOOK BE0-3aCTOCYHOK, SIKMU CIIYKHTh
IJIs1 pO3Mi3HABaHHS JIKIB 3a 300pa)KEHHAM 3a MiHIMaJIbHHI Yac.
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Ha Bxim maHoi cucteMu HaAXOAUTh 300pakKeHHS, SKE KOPHUCTyBay
3aBaHTaXXye B JOJATOK, a Ha BHUXOAl OyJe OTpUMaHO pe3ylabTaT
pO3MI3HABAHHS Y BUTJISAII 300paKEHHS 3 BiJICOTKOM KaTeropii, 10 SKOi BOHO
Oy710 BiJTHECEHO.

KopucrtyBadeBi mocTynHi HacTymH1 (QYyHKINT: 3aBaHTaXXKEHHS 300payKCHHS
JIKIB I pO3Mi3HABaHHS;, BHOIp THUIY HEHUPOHHOI MeEpexl It
po3mizHaBaHHs; BHOIp (YHKIITI akTuBalii; Teperyisii 3BITY HaBYaHHS
HEHMPOHHHUX MEPEeX; MEPEryis pe3yabTaTy pO3Ii3HABaHHS, 3aBAaHTAKCHHS
PO3MI3HAHOIO 300paXKEHHS; 3aBaHTaXEHHA 3BITY B .pdf.

Posrnsinemo crieHapiit po3mi3HaBaHHS 300paKeHHS B CHCTEM, 3a7Uis
AKoro Oyna po3poOieHa aiarpaMa JisuibHOCTI (puc. 1).

KopucTtyBau BiKpuBae CHUCTeMy Ta MOTpaIUIsie Ha TOJOBHY CTOPIHKY.
Bin natuckae kHomky “Browser files” nnsi 3aBaHTakeHHsS 300paskeHHS.
[licns Toro, sk BCi BXIJHI JaHlI NPUCYTHI, cHUCTeMa OOpoOisie naHi [0
MeBHOro (¢opmaTry 1 3amyckae OOpaHy HaBYCHY HEMPOHHY MEpEexy 3
oOpanoto pyHkIti€ero aktuBailii Ha Web Service.

[Ticna Toro, sk oOpaHa Mojeib BiampalioBaia, Web Service moBeprae
pe3ynbTar  pO3Mi3HABaHHS, KOPUCTYBAdyeBl B1IOOpPA3UTbCA  MOTOYHE
300pakKeHHSI 3 Ha3BOK Kjacy, 10 sKoro Oymo kimacudikoBaHo oOpaHe
300pakeHHS JIIKIB Ta BIJICOTOK PO3Mi3HABAaHHS.

BucnoBku. CTBOpeHa cHCTeMa CTBOPIOE MOXIIMBICTH OTPUMAaHHS
knacugikamii  300pakeHHsT ~ JIIKIB B aBTOMaTHYHOMY  PEXHUMI,
BUKOPHUCTOBYIOUHM [UJIs peai3aiii HEWpPOHHY MeEpexy, sKa OoTpumaia
HANOUIbIILY TOYHICTH Ta MiHIMAJIbHI BTPATH MIPU HABYAHHI T TECTYBAHHI.

Jliteparypa
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[2] Hompoupbka-Ilnaunnga [l. 1. 3acrocyBanHs HEHPOHHOI Mepexi sl BUPIIICHHS
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AHAJII3 ®AKTOPIB YPA3JINBOCTI A3C HIOJ0 ABAPIPIHPIXU
IHOUAEHTIB 3A JOITIOMOI'OIO METOAY AHAJII3Y IEPAPXIN
TA PAHXYBAHHA

Ph.D. O. IBanop![0000-0002-8620974X] 1yr- Sej. . Apeipii2!0000-0001-8130-9613]
Ph.D. C. Cmux3[0000-0001-7020-1826] ' B () syjjj prppe#[0009-0000-5527-77501
K. Bessien® 10009-0001-71353562]
Hayionanvnuii ynieepcumem « Odecvka nonimexuikay, Yxpaina
EMAIL: lesha.ivanoffi@gmail.com’, e.arsiriy@gmail.com?, smyk@op.edu.ua’,
vadimol08 1 @gmail.com®, kirillbelyaev2921@gmail.com’

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

Anomauyia. Pozenaoaemuvcs npodniema eusnavenus kpumepiig ypaziueocmi A3C
w000 HACNIOKIB MOMNCIUBO20 ABAPIUHO20 IHYUOEHMY, WO BKIUAIOMb 6MPAYeHi
AHCUMMISL, eKOHOMIYHI, COYIANbHI MA eKOJ02IYHI HACAIOKU AB8aAPIUHO20 [HYUOEHM).
s eusnavenHs e6az Kpumepiig 3acmoco8yiombCs Memoo aHanizy iepapxiti ma
eKCNEepMHI OYIHKU (PAHIICYBAHHSL).

Knrowuosi cnosa: b6azamoxpumepianvuuti Memoo NPUUHAMMS piieHb, Memoo
amanizy  ie€papxii, aémMo3anpasHi CMAHyii, MemoO PAHICYBAHHS,  ABAPIlHI
IHYyUOenmu.

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 BHKOHAHHS CHUIBHOTO — YKpaiHO-OPUTAaHCHKOTO
HAyKOBOI'O TIPOEKTy cmiBmpami Mk HarioHanbHUM — yHIBEPCUTETOM
«Opnecpka TmoNiTeXHIKa» Ta yHiBepcuteroM Micta Iloptremyr (Benuka
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Bbputanis) nocHipKyeThCsl TMUTaHHS BUKOPUCTaHHS OaraToKpUTepialbHOL
METOJIMKM Ha OCHOBI HEYITKOI JIOTIKM Mg KaprorpadyBaHHS PHU3UKIB
aBTO3allpaBHUX CTaHIIIKA 1 BIAMOBIMHOI onmTUMI3alli pimeHs. Y poborti [1],
IO MOCTYryBajla OCHOBOIO NPOEKTY, MPOBEIECHO MOJAENIOBAHHSA T€OJaHUX
30H pu3uKy A3C s 3 iHIMICHTIB.

MeTta pocaizkeHHs TIONsATae B TOMY, 00 pO3pOOUTH KpuTEpii
ypaznuBocTi A3C 1mo/10 IMOBIPHUX 1HIUACHTIB 3 TOYKY 30pY MOMIIMBHUX
HACNIIIKIB aBapii, a TakKOoXX BUKOPHCTATH METOJ aHalidy iepapxiii Ta
EKCIIEPTHUX OLIHOK (paHXyBaHHs) JUIsl OLIHKM BKJIAJy KOXHOI 3 TpPYyIH
KpUTEPIiB.

OcHoBHa 4yacTMHAa. ABTOpamMu Oyino po3pobinerno 40 xkpurepiis
ypaznuBocTi A3C, 110 BKJIIOYAIOTh BTPAUYECHI KUTTS, a TAKOXX €KOHOMIYHI,
COILIlaJIbHI ¥ €KOJIOT14HI HACHIAKH (TIepemTiK JOCTYIMHUN 3a TIOCWIIaHHIM [2]).
Metonomnorist BukoHanHs MAI 111 Haloro JOCHiKEHHSI TPYHTYEThCS Ha
knacuyux poborax T. Caati [3]. ¥V Tabnumi 1 HaBoAMMO pe3ynbTaTH
BUKOHaHHSI MAI 1151 1 iHIMACHTY, TTOBHI € 32 OCUJIAHHSM [2].

Tabmuua 1 — Pe3ynapTaT OOYMCIEHHS MPIOPUTETIB (PAKTOPIB IS

IHITUICHTY BUOYX TapOMOBITPSIHOI cymiti 3a goromororo MAI

Exonom. | Ilpiopurer, | Comiai. [Ipiopurer, | Exoror. [Ipiopurer,

dakropu | % dakropu % bakropu %

Bubyx naponosimpsnoi cymiuii Haghmonpooykmie 3 ymeopeHHsaM yOapHoi X6ui

El 3,55 Cl 20,00 Exl 22,99

E2 24,42 C2 14,75 Ex2 1,42

E3 16,87 C3 22,97 Ex3 1,42

E4 10,94 C4 3,31 Ex4 4,51

ES5 10,94 C5 2,60 Ex5 1,92

E6 10,94 Cé6 9,21 Ex6 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 Ex10 25,34

— — — — Exl11 20,34

Haii6inbi 3Hauyny gakropu BUAUICHO HAMIBXKUPHUM. J[Jig OMUTYyBaHHS
EKCIIEpPTIB HaMH CTBOPEHO BeO-(opMy (Bepcisi YKpaiHCbKOIO MOBOKO [4]).
[Ticns o3HaliOMIIEHHS €KCIepTa 13 3MICTOM IPOEKTY 1 HaJaHHsS 3oy Ha
00poOKy, HHMM 3arOBHIOIOTHCSI CTAaTHUCTHYHI JaHl mpo cebe. Jlami BiH
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MEPEXOIUTh 10 PaHXKyBaHHsS KPUTEPIiB Ha BUOIP, OLIHIOIOYU iX BaromicTh
Bij 1 (HaiiMeHin Baromuid) 10 10 (HaiiO1Ib1I BaroMHMid).

Ha nanwmii yac 6yno onmurtaHo 16 ekcrepTiB 3a JOMOMOIow BeO-(hOpMH.
HaiiGiapm Baromi (hakTopu BUAUICHO HAIIBXUPHUM (Ta0I1.2).

BucHoBku. OtTpuMaHi pe3yabTaTH JalOTh 3MOTYy Hajajal MPOBECTH
B1101p Ta OIMIHKY Bar oOpaHUX KPHUTEPIiB y iX BKIasl B ypaznuBicTh A3C. A
11, Y CBOIO UEpry, JI03BOJISE€ MEPEUTH N0 BUPIIICHHS OaraTOKpUTEpiabHOI
po0IeMHU Ha OCHOB1 HEYITKOI JIOTIKH 11l BUOOpY ypaznuBux A3C.

Tabmuusa 2 — Pe3ynbTraté €KCIEPTHUX OLIHOK (DAaKTOPIB ypas3IMBOCTI
A3C nicns 3anoBHeHHs BeO-(hopmu (1MOBHICTIO [2])

Exonom. Paur Cornai. Paur Exosor. Paur

dbakTopu dakropu bakTopu

Bubyx naponogimpsanoi cymiwii HaghmonpoOoykmie 3 ymeopeHHIM YOapHOi X8ui

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

ES5 7,67 C5 3,36 Ex5 3.5

E6 5,75 C6 4,73 Ex6 3,5

E7 7,5 C7 6,73 Ex7 4,83

E8 5,33 C8 6,55 Ex8 5,92

E9 5,5 C9 5,73 Ex9 4,92

E10 3,83 C10 5,64 Ex10 6,25

— — — — Exl1 6,33
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PROBABILISTIC RELIABILITY ANALYSIS FOR PUMPS OF
SAFETY RELATED SYSTEMS AT NUCLEAR POWER PLANTS

Dr.Sci. V. Skalozuboy [0000-0003-2361-223X] © 1y Sej, Yu. Komarov!0000-0002-4696-6551]
A. Verinov, Ph.D. S. Kosenko!?000-0002-7082-56441 'y Bypdev, H. Hayo,
V. Kochnyeval0000-0001-7397-3573]
National University "Odessa Polytechnic"
EMAIL: skosenko@op.edu.ua

IMOBIPHICHU AHAJII3 HAJIMHOCTI HACOCIB CUCTEM,
BAKJVIMBUX JJIA BE3IIEKHU AJEPHUX EHEPI'OYCTAHOBOK

Dr.Sci. B. Ckasio3y6os, Dr.Sci. 10. Komapos, O. Bepinos,
Ph.D. C. Kocenko, /I. bynaes, X. Xaiio,
B. KouneBa

Hayionanvnuii ynisepcumem "Ooecvka nonimexuixka”

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. 30iliCHeHO NOPIGHAHHSA NOKA3HUKIE HAOIUHOCMI 2PYN HACOCI8
(6enuuuHU cepeOHbO2O Hanpayrw8anHs 00 IOMOBU, OYIHEHOI O HUNCHbOMY KOPOOHI)
0J151 LOMOYHO20 Nepiody 3 8IONOBIOHUM NOKAZHUKOM, OMPUMAHUM Ol NONEPEOHbO2O
nepiody. Bionogiono 00 pesynrbmamié SUKOHAHO20 aGHANIZY MA PO3PAXYHKOBUX
OYIHOK — eKCnIyamayitnoi HaoiuHocmi  chopmynvbosano pekomeHoayii  uooo
MOACIUBOCTI NPOOOBHCEHHS MEPMIHY eKCNIyamayii 00Na0HAHHS.

Knrwowuosi cnosa: iimosipuichuti amanis, HaoiuHicmv, 0Oe3neka, s0epHi
eHepeoyCmMAaHoBKU

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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IMPOEKT CUCTEMMU LIEHTU®IKAIIIL AHOMAJIIHA Y
THTEPAKTUBHOMY BIPTYAJBLHOMY CEPEJIOBHIIII
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ANOMALIES IDENTIFICATION SYSTEM PROJECT IN AN
INTERACTIVE VIRTUAL ENVIRONMENT

Ph.D. M. Rudnichenko!, Yu. But 2, Ph.D. T. Otradska?
National University “Odessa Polytechnic”, Ukraine
’Interregional Academy of Personnel Management, Ukraine

Annomauia. Y pobomi nasedeni pezyromamu po3poOKu npoekmy cucmemu
idenmugbikayii aHomaniu y iHMEpaKmueHoOM)y BIPMYAIbHOMY cepedosuuli Ha 6asi
3aCcmocy8aHHs MAUUHHO20 HABYAHHSL.

Knrouoei cnosa: nowyk anomanii, inmenekmyanoHuil ananiz 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.

Haii6iap1moro mpo01eMor0 y BHpIMICHHI IOTO 3aBAaHHS € CKJIAJHICTD
Cy4JaCHHX IHTEPAKTUBHHUX CHCTEM. bBIUIBIIICTh ICHYIOUHMX aJITOPUTMIB 1
TOTOBUX DPIIIeHb Oyl po3po0jeHI 3 METO0 OOpOOKHM CTPYKTYpOBAaHHX 1
OMHOTUIMHMX JaHUX [l], TOAl SIK IHTEPAKTUBHI CHUCTEMHU MOXYTh SIBISITH
co0010 BEMMYE3HUI HAOIp CKIAAHMX 1 PI3HUX THUIIB JIAaHUX. 31 3pOCTaHHIM
MOMYJISIPHOCTI 1HTEPAKTUBHUX CHCTEM, 30KpEeMa IrpOBUX MporpaM, Taki
CUCTEMH CTAIOTh BCE CKJIAJIHIIIUMU 1 BCE OUIBIIUMU. AKTYallbHICTh POOOTH
nojsirae 'y 3a0e3MeueHH] MOUIYyKY Ta JIOCHIDKEHHI 1ICHYIOUHMX aJlTOPUTMIB
MAIlIMHHOT'O0 HaBYaHHS TS 3a/1a4 1IeHTU(]IKaIii aHOMaTii B 1IHTEPaKTUBHHUX
cucteMax s aBTOMaTu3alii mporecy TecTyBaHHs [2]. B pamkax
MOCTABJICHOTO 3aBJaHHA pOOOTH HAWKpAIIO KaTeropi€ro JaHuX s
HABYAHHS AJITOPUTMY TOLIYKY aHOMaJIli € Bi3yaJibHl JaHi, OCKIJIbKA MOXKHA
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310paTi BEJIMKY KIIbKICTh "HOpMalbHUX" JaHUX JUis HaByaHHA [3].
OcHoOBHUM (HOKYCOM JTOCITIIPKEHHSI CTaHE BUSBJICHHS HEKOPEKTHUX TEKCTYP,
AK1 € aHOMaJbHUMU JIJIs1 HA0OpY 0OpaHOro IrpoBOro OTO4YeHHS. Po3pobieHa
alarpaMa BapiaHTIB BHKOPHUCTAHHS MOIYIIO 1AcHTH(IKAIII aHOMAaTii
HaBejieHa Ha puc. 1.

B pamkax mpoeKkToBaHOI CHCTEMH KOPHCTYBa4 3MOXKE 3I1HMCHIOBATH:
3aBaHTAXCHHA HABUYAJIbHUX JAaHUX Y BHUIVISAL 300pakeHb OyAb-sSKHX
dbopmaTiB Ta po3MipiB; HABUAHHS MOIYJIS MOIIYKY aHOMAaJIii 3a JIOOMOT'0F0
BUOpPAHOr0 aJropuTMy; OTPUMYBATH 3BIT NP0 3HAWACHI aHOMAJil
BI3yaJIbHOTO XapakTepy Yy BHUOpaHOMY HaOOpl MJaHMX; 30epeKeHHs
OJICP’)KAHUX PE3YNbTATIB Yy BUIJISAAL 3BITYy; OTPUMYBATH BI3yalli30BaHy
MIOCJIIIOBHY CXEMY POOOTH aJITOPUTMY.

BucnoBku. CTBOopeHa cucrema MoOxe OyTH 3acTOCOBaHa s
aBTOMaTH3alli MpOoIecy MOIIYKYy aHOMallbHUX JaHUX B IHTEPAKTUBHOMY
CepelOBMILl, 30KpeMa Yy BIpTyaJlbHOMY OTOUYEHHI PO3POOHHKA YH
TECTYBaHHS KOMII IOTEPHUX 1rOp.
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Pucynox 1. /liaepama sapianmie uxopucmanms cucmemu
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BITPOBA/I’KEHHA KOMBIHOBAHUX METOIIB 3 AHAJII3Y
PU3UKIB ITPU PO3POBLI ITPOTI'PAMHOI'O 3ABE3IIEYEHHSA
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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

Anomauin. Cepeo 3pocmarouoco nonumy 00 pPO3POOKU ABMOMAMU308AHUX
3aco00i8 3 aHai3y pu3UKie ma akxmopie ix YymeopeHus, aKkmyaibHuUM ma Cy4acHuM
nIOX000M € 3aNnpoBad*CeHHsI KOMOIHOBAHUX aDO 2IOPUOHUX ANOPUMMIE WMYYHOL
Mepedici 6 noeouanui 3 baecoscokumu mepescamu oosipu. Koowcne 3 piutens
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0038075€ adoanmysamu  6XIOHI (DVHKYIOHANbHI 8UMO2U MA BUSHAYUMU CIAAOKI
CMOPOHU PO3POOIAEMO20 NPOSPAMHOLO DIULEHHS.

Knrwuosi cnosea: baiticcoscvku mepedici 008ipu, pusuku pospooKku npocpamHoco
3a6e3neuenns.

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 1 miarpumka nporpamuoro 3abesneuenns (I113) — e ckimamuuit
BHCOKOTEXHOJIOTIYHUN TPOIEC, SKAHW BHMAara€ BHUKOPHCTAaHHS HOBITHIX
TEXHOJIOT1#, CydacHOro oOJagHAHHS, BHUCOKOKBaJ1(piKOBAaHMX PO3POOHHUKIB
Ta 1H.

BukopucraHHsT TakuxX CKIAJOBUX HaJla€ KOHKYPEHTOCIIPOMOKHOCTI
ctBoproBaomy 113 [1].

[TOHATTS PU3UK MPOEKTY OB’ A3YETHCS 3 MOKIIMBICTIO TIOHECTH BTPATH B
X0/l BUKOHAHHS TIPOEKTY.

[{i BTpaTH MOXYTh TMPOSBIATHCS B 3HWKCEHHI SKOCTI KIHIICBOTO
MIPOJIYKTY, TEPEBHUIIICHHI BapTOCTI WOT0 PO3POOKH, 3aTPHUMII 3aKIHUEHHS
pO3poOKHK 200 B 3pHBI NPOEKTY (TOOTO, BIIMOBI 3aMOBHHUKA BiJ] POEKTY).

BenuunHa pu3uKy BU3HAYa€ThCA JOOYTKOM CEpMO3HOCTI HACIHIJIKIB
HeOa)kaHO! MoAil B MPOEKTI (pIBHEM BTpaT) Ta WMOBIPHOCTI HACTAHHS LII€T
rmomii.

Jlo aKkTyaldbHUX MPUYMH 3aCTOCYBAHHS CYYAaCHHMX 3acO0IB 3 OLIHKHU
pusuKiB Tpu  po3podmi II3 cmig BimHectn [2]: CKIaAHICTh IPOEKTIB;
CKOpPOYCHHS TEpMiHIB, (IHAHCOBI  BTpaTH;, SAKICTh Ta Oe3meKa;
cCrelkxonaepu Ta O4iKyBaHHS.

3 omHOro OOKy, cepel aKTyaJbHHX Ta (DYHKIIOHAIHHUX PIMICHh — €
3aCTOCYBaHHS  INTYYHUX  HEUPOHHHX  MEpexX, SKi  JO3BOJISIFOTH
aBTOMAaTU3yBaTH BEJIUKY KUIBKICTh MIPOLIECIB, COPOCTUTH pOOOTY JIOAUHH, a
TaKOXX MOKPALIUTH MPOILEC 300py Ta 30epeKEeHHS BXIHUX JTaHUX.

3 iHmoro 00Ky MOXJIMBE 3acToCcyBaHHsI balieCOBChKOI Mepeku JTOBipH.
Ile IHCTpYMEHT, SKHM JOIOMAara€ OIIHIOBAaTH PHU3WKH B PI3HUX Taly3sX,
BKJTIOYAIOYH PO3POOKY MPOTPAMHOTO 3a0€3MeUCHHS.

206



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

[loennanusa baiiecoBChbKOI Mepexi OBIpH Ta ajJrOpUTMIB HEHPOHHOI
MepEeXi CTBOPIOE MOTYXKHUHM MiAX1] AJIs BUBHAUCHHS PU3UKIB MPU PO3POOII
IpOrpamMHoOro 3a0e3rne4yeHHsl.

baitecoBcbka Mepexa JOBIpH JIO3BOJISIE TIPEICTaBUTH 3B'S3KH  MIXK
pi3HUMH (pakTOpamMu Ta iX BINIMB Ha PU3UKH Yy BHUTIJSAAl rpady, Ae BY3IH
MIPEACTABIISAIOTH (haKTOPH, a pedpa — 3aJICKHOCTI MK HUMHU.

Heiliponna mepexa, 30Kkpema TJIMOOKI HEHPOHHI Mepexi, Moxe OyTh
3aCTOCOBAHA JIJIA aHAIi3y BEJIMKUX OOCSTIB JAHWX Ta BUSABJICHHS CKJIQJHUX
3B'S3KIB.

@DyHKIIOHAJIbHA JIOTIKA POOOTH TAaKOro T1IOPUAHOrO MIAXOAY BKIHOYAE
HACTYIHUN aJTOPUTM JI1iA:

- IloOymoBa ctpykTtypu bailecoBCbKOi Mepexki MAOBIpU: CHOYATKY
po3poOnsieTbess  baiiecoBcbka Mepeka, A€ BY3JIHM BiOOpakaroTh pi3HI
(baxTopH, K1 BIUTUBAIOTh HA PU3HKHU.

- BukopuctanHs HEHpOHHOI Mepexi JUIsl aHami3y JaHux: 30UparoThCs
1CTOpUYHI JIaHl TPO Pi3HI PU3UKH, IO CTOCYIOTHCS PO3POOKHU MPOrpaMHOTO
3a0e3nedyeHHs. Ha OCHOBI IIUX JaHUX CTBOPIOETHCS Ta HABYAETHCS TNIMOOKA
HEHPOHHA MEpexa.

- IloemnanHs pe3ynbTaTiB: BUXiAHI JaHi 3 ballecoBCbKOi Mepexi Ta
MIPOrHO3H, 3p00JICHI HEHPOHHOI MEPEKEr0, MOXKHA TIOETHATH, HATPUKIIA,
BUKOPUCTOBYIOUM aHCAMOJTIOBaHHS.

Ie# miaxin 103BOJISIE TIOETHATH CTPYKTYpOBaHMM aHaii3 baitecoBChKOI
MEpeXi 3 MOXKIIMBOCTSAMH HEUPOHHOI MepexXi il BHUSBICHHS CKJIATHUX
3aJIe;KHOCTEN B JIaHUX.

PesynbratoM Oyne Oinbll TOYHAa Ta KOMIUIEKCHA OIlIHKA PHU3HKIB,
MOB'SI3aHUX 3 PO3POOKOI0 MPOrPaMHOTO 3a0e3NICUCHHS.

Jliteparypa

[1] Lytvyn V. The risk management modelling in multi project environment / V.
Lytvyn, V. Vysotska, O. Veres, 1. Rishnyak, H. Rishnyak // In 2017 12th
International Scientific and Technical Conference on Computer Sciences and
Information Technologies (CSIT), Vol. 1, 2017. - p. 32-35.

[2] Hsieh C. Y. Patterns for Continuous Integration Builds in Cross-Platform Agile
Software Development / C.Y. Hsieh, C.T. Chen // J. Inf. Sci. Eng., 31(3), 2015. —p.
897-924.
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AHAUJII3 BIVIMBY MOB INIPOI'PAMYBAHHS HA HIBUAKOAIIO
AJITOPUTMIB COPTYBAHHA

Ph.D. O. Tpodumeno!! 0000-0002-6608-3668]
Ph.D. FO. [pokon2I0000-0001-7626-0886] | oppiiiuysc3[0009-00094223-9291]
13 Hayionanvnuii ynisepcumem “Odecvika iopuduuna axademia”, Ykpaina
? Hayionanvnuii ynigepcumem “Odecvka nonimexuixay, Yxpaina
EMAIL: 'egt@ukr.net, *yulial 3.prokop@gmail.com, *chuguystyr@gmail.com

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
? National University “Odessa Polytechnic”, Ukraine

Anomauin. Y pobomi 6uKOHAHO NOPIGHANbHUL AHANI3 HAUOLILUL NONYIAPHUX
aneopummie copmysauus (0ynvoOauiKorw, ecmaesxor, eubopom, Lllenna, 3nummsm,

Hatbinew 3ampebysanux Ha puuky IT-npayi mos npoepamysamns (Python, C++,
Java, JavaScript, PHP ma C#).
Knrouoei cnosa: ancopummu copmysamHs, Mo8u npocpamy8aHHs

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

VY GaraTtbox mporpamax COpTYBaHHSI € YAaCTHHOIO MPOIEeCy 0OpOoOICHHS
JaHUX.

KoxeH 13 4YMCIeHHHX aJarOpUTMIB COPTYBaHHS Ma€ CBOK CHEHU(IKY
poOOTH Ta 3yMOBJIEHI HEIO MEPEBATU 1 HEOMIKH.

Bubip HaliOL1bII ONTUMATIBHOIO AJITOPUTMY 32 NEBHUX JAHHUX T4 YMOB
pPO3pOOKHM MOXKE CTaTH HETPUBIAIBHOK 3a/laucio, a HEBIAJINi BHUOIp
ITOPUTMY BIOPSIKYBAHHS MOXE CIPUYMHHUTH MPOOJIEMU 31 IIBHIKOJIEIO
IIPOrpaMHOT0 0OPOOJICHHS TaHUX.
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Bukopucranus O-nortamiii (Big O) € mommupeHo0 NpaKTHUKOI Cepe
MpOrpamMicTiB ajsi BUOOPY €(heKTUBHUX aITOPUTMIB Yy HIMPOKOMY Ko chep
PO3pOOKH: BiJl IHTEPHETY peuei, HAyKu MPO JIaHI Ta aHAIITUKUA JaHUX 0
MAIlIMHHOT'O0 HaBYaHHS Ta KiOepOe3neKy.

[Toustrs Big O BkHUBaeTbcs Ha TMO3HAYEHHS YacoOBOI CKJIAAHOCTI SIK
3QJICKHOCTI MK 9acoM pOOOTH aJITOPUTMY Ta OOCATOM BXITHHX JaHUX a0o0
HEOOX1JHUM OOCSITOM IaM’ATi B HAUTIpIIomMy BUnajky [1].

Taki 3ajmexHOCTI OOTpYHTOBAaHO BHU3HAYEHI [JI BCIX  BIJOMHX
JIITOPUTMIB COPTYBAHHS, 1 BOHM HE 3aJIeXKaTh BiJl MOBU MporpaMyBaHHS [2].
BoaHouac Ha npakTulll € eBHI HEOJAHO3HAYHOCTI Ta CKJIAHOII IpHU BUOOPI
TOr'0 YM 1HILIOTO aJTOPUTMY COPTYBAHHS 3a MIEBHUX OOCTABUH.

Amxe Ha BUOIp €()EKTUBHOIO ajJrOpUTMy COPTYBAHHS BIUIMBAIOTH PI3HI
YUHHUKH: 0OCATH HEOOXITHOI Ui poOOTH alropuTMy Ta OOCSTH HasBHOI
anmapaTHOi MaMm’siTi, KUIbKICTb Ta pO3MIp BXIJHUX JaHUX, CTYMiHb IX
BIIOPSIJIKOBAHOCTI, BapTICTh OIEpallii MepecTaHOBKM 1 HaBiTh MOBa Ta
CepEeOBHILIE IPOrPAMyBaHHS.

UYucnenHi myOikaiii CB1I4aTh, 110 Y HAYKOBLIB € MOTpeda AOCHIIKEHHS
4acoBOl CKJIAJTHOCTI aJIrOPUTMIB COPTYBAHHS 3a1jsl €(pEKTUBHOrO BUOOPY
TOr'0 YM 1HILIOTO aJITOPUTMY 32 TIEBHUX YMOB Ta JaHHX.

[Ipote mepeBakHO AOCTIHKCHHS 00MEXKYIOThCS KIJTBKICTIO PO3TIISTHYTHX
aJTOPUTMIB COPTYBaHHS BiJ TPHOX JIO I’ SITH.

TakoX IOCHITHUKH OOMEXYIOThCS ab0 B3arajali HE BPaxOBYIOTH 1 HE
MOPIBHIOIOTH OCOOJIMBOCTI MPOrPaMHOI peajizalii Ta MBUIKOAIT PI3HUMH
MOBaMU Nporpamysanus [3,4,5].

Y po0oTi BUKOHAHO TOPIBHAJBHUN aHaN3 HAWOUIbII MOMYJSIPHUX
aITOPUTMIB CcoOpTyBaHHS (OynapOamikoro, BCTaBKoro, BuOopom, Illemra,
3IUATTAM, HMIBUAKE, MAPAXYHKOM, 32 PO3PsIIaMHU, KYTIO0) NP IMITJIEMEHTAIIi1
iXx 3acobamu HaWOUTBII 3arpeOyBaHmX Ha puHKy [T-mpami MoB
nporpamyBanns (Python, C++, Java, JavaScript, PHP ta C#).

[Mpuxitagauii aceKT OCIHI/DKEHHS TOJsrae y BHUSBJICHHI TOTO, SK
peainizallis KOHKPETHOIO MOBOIO MpPOrpaMyBaHHsl BIUIMBa€ Ha (DaKTUUHUUN
Yac BUKOHAHHS aJTOPUTMY JUIsl MACHUBIB ICEBIOBUIMAAKOBHX UYUCEN PI3HUX
pPO3MIpIB.

3’sicOBaHE J103BOJISIE CTBEPKYBATH, 110 MIBUJKO/IS aITOPUTMIB 3HAYHO
3aJIe)KUTh BiJl MOBU peatizallii.

Tomy HemocTaTHRO OyBa€e Tpu BUOOPI alTOPUTMY KepyBaThcs uire Big
O HoTar€xo.
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BaxxnuBo BpaxoByBaTu crnerudiky MNEBHUX KOMOIHAIld alrOpUTMIB,
MpOrpaMHMX 3aco0iB Ta OCOOJIMBOCTEN HAOOpPY JaHUX, aJKe, K MOKa3ajio
JIOCTI/DKCHHS, pI3HI MOBH TMPOrpaMyBaHHS 3 PI3HOI IIBHIKOMIEIO
peaTi3yloTh AITOPUTMH Ha PI3HUX HaOOpax JaHUX.

[Tomexyam pi3HHIS Yacy CKIIaJa€ ACCSITKH 1 COTHI pa3iB y MeXaX OJTHOTO
anropuTMy abo B MeKax OJHIET MOBH.

BpaxyBati 1€ BaJIMBO, KOJM BHHHKAE IOTpeda IeperpynyBaHHS
BEJIMKMX OOCSTIB JaHMX, 100 iX MO)KHa Oyino Jermie INIykaTh Ta
MaHIMyJIFOBaTH HUMH, HANIPHUKIAJ, Y 0a3axX JaHHX, Y IMONIYKOBHX CHCTEMaXx,
y 0araThbOX HaAyKOBHX Ta 1HKEHEPHUX 3aCTOCYBAHHSX.

Amke e(deKTUBHICTh alTOPUTMY COPTYBaHHsS CYTITEBO BIUIMBAE Ha
3arajbHy IPOIYKTUBHICTH CHCTEMHU.

Jliteparypa
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METO/J BUBOPY HAMKPAIIIOT'O MAPIIPYTY KOMAHJIOIO
BOJIOHTEPIB III/{ YAC PIINEHHA OIIEPATUBHUX 3AB/IAHDb
TPAHCIIOPTHOI JIOTICTUKH

I1. Topneniol0000-00029052-2595] ph 1y, B, BoutThomKkop!%000-0003-2777-3137]
Hayionanvnuii ynisepcumem «Ooecvka nonimexuikay, Ykpaina
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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

Anomauyia. Oonum 3 8axCIUBUX 3A60AHb, AKI NOCMAIOMb Neped B0I0HMEPAMU
nio Yac HaA036UYAUHUX cumyayil (MpUpoOHi CMUXIUHI Tuxa, 8iticbkosi 0ii) € 3a60aHHs.
mpancnopmuoi  nocicmukuy. 3a cmadilbHux YMO8 MpAHCHOPMYBAHHS, 3A80AHHS
MPAHCROPMHOI 02ICMUKY CKIAOAEMBbCS. 8 NOWLYKY ONMUMATILHO20 MApupymy Oiisl
nepeseseHHs  J02iCmuyHo20 00’ckmy. B ymosax Hao3euuaunux —cumyayiu
8i00Y8aEMbCsL  OUHAMIYHA 3MIHA YMO8 MPAHCNOPMYBAHHS, WO  YCKIAOHIOE
PO38 A3GHHA 3A80AHHA MPAHCNOPMHOL Jo2icmuKy i nompedoye nobyoo8u HOBUX
Mooenell ma mMemoois.

Knrwwuosi cnosa: mpauncnopmua nocicmuka, niOmpumka NpuuHAMms piuieHv,
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 pasi AMHaAMIYHHUX 3MiH YMOB TPaHCIOPTYBaHHS JIOTICTUYHUX 00’ €KTIB
(JIO) HeoOXimHO oOMEpaTHBHO BpPAaxOBYBaTH IIBHUIKI 3MIHM CTaHy
3oBHIIMHKOr0  cepenoumia (3C). Takum YuHOM, MaeMoO 3ajauyy
TpancnoptHoi jJorictuku (TJI) B onepatuBHux ymoBax (OVY), sika mosnsrae B
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3HAXOJUKEHHI Halkpamioro Mapmpyry 3 MoxamBux (A ={4}, i 1 m -

MHOKMHA MapIupyTiB (amprepHatuB) poctaBku JIO noexunoro L. ) 3

ypaxyBaHHSIM OliHOK anbTepHaTuB 3a kputepismu (K ={K }, j=1,n -

MHOXKMHA KpHUTEpIiB I OIMHKA MOXJIMBHX MapmipyTiB). Jlanma 3amaga
BIJIHOCUTBCS JI0 3a7a4 OaraTOKpUTEpiaJbHOrO0 BHOOPY, JUIS PIIICHHS SKHUX
BUKOPUCTOBYIOTh OaraTOKpUTEpiaibHI METOAU MPUMHATTS pimieHb [1], ski
JO3BOJISIIOTh  BPaxOBYBAaTH pi3HI (aKTOpHM Ta BH3HAYMTH HaWKpaIIui
MapuipyT (HM) 3 MOXKIUBHX.

B [2] 3anpomoroBana koHIenTyanbHa Moaens (KM) npuiHATTS pimieHb
koMaHau BojoHTepiB (KB) B ymoBax muaamiunux 3miH 3C, B skiii KB

npescTaBiuseTbest  kopreskeM  <VIM .., VIM,, VTM .,
VTM ,i =1,m,j=1,n,> ne VIM,,, - wxoopmuatop KB,
VIM,, VTM,- wunew/uneam KB, sKi 3Haxomstbcs Yy IIyHKTI

BlI[HpaBJ'ICHHH Ta cnoxkuBaHHsa JIO BII[HOBII[HO VT M - CKCIICPTH-
_J

BOJIOHTEpPHU, SIKI CIIOCTEPIraloTh 3a BIAMNOBIAHUMHU z[iJmHKaMH MapupyTy

JIOB>KHHOIO Ll.j Ha sKi po36uri MoxiuBi Mapupyrn A;. Bianosigso 1o
KM oninky n, - ux xpurepiie (K, ={K,}, j =Ln;) wnamae

VIM,,, . ouiuky n, - wnx xpurepiie (K, ={K,}, j,=1n,)
HAJAI0Th €KCIIEPTU-BOJIOHTEPH, TO/1 3arajJbHa MHOXKHWHA KPUTEPIiB € CYMOIO
nBox MHOxHH kputepiiB: K = K, + K,

B po6oti 3amponoHoBaHO MeToJ BUOOpY Haiikpamioro Mapuipyry KB
mia gac pimenas 3aBaaHas TJI B OV, sgkwmii BKItodae B ceOe HACTYITHI

€Tanmy: BW3HAYCHHS MHOXWHU allbTEpPHATHB Ta KPHUTEPIiB; BHUOIp Tpymu
EKCIIEPTIB — BOJIOHTEPIB IS OI[IHKW aJdbTEPHATUB 32 KPUTEPISIMU; OIIHKA

ekciepramu-Bosiontepamn  kputepiie K, ={K,}, j,=1ln, -
@4, (K;,); pO3paxyHOK arperoBaHoi OWIHKH KpHUTEpiiB Ha OCHOBI

. , . :
OLiHOK @, (K jZ) Ta YACTOTH Cy = 3 SKOKO 3'SBIACTHCA BilNOBiAHA
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Z@A,. (sz)Csz

. . . _j2=1 . .
OLIHKA 32 KpHUTEpleEM sz L Py (sz) = . , i=1m;
)y

1

BuOip HM 3a gomomororo meroay mSmart [1].

Po3pobnernii B po0OOTI MeETOm JI03BOJISIE  BpPAaxXOBYBaTH  OIIHKH
albTEpHATUB 32 BEIMKOIO KUIBKICTIO KpuTepiiB B OV mig 4dac pileHHs
3aBaanb TJI 1 Moxke Oyt BUKOpHcTaHo nipu po3poOdiii MmooisHOoi CIIIP ams
HiATPUMKN TPUKAHSTTS PIIIICHb KOMaHJIOI0 BOJIOHTEPIB.
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AHAJIT3 ITPOBJIEM YIIPABJIIHHA IT-ITPOEKTAMU
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ANALYSIS OF IT PROJECT MANAGEMENT PROBLEMS

Ph.D. O. Trofymenko, Ph.D. N. Loginova
National University “Odessa Law Academy ", Ukraine

Anomauyin.  Ynpaeninnwa  IT-npoekmamu  cmuxkacmvcs 3 YUCTEHHUMU
cKkaaoHowamu. 3a OaHUMU CIMAMUCMUYHUX OOCTIONHCEHb YACKA NPOEKMIB, 30AHUX
BUACHO Opeanizayiamu npogheciinoco 00CIY208Y8aHH 6 KOMNAHIAX-8UPOOHUKAX
npocpamHozo 3abesneueHus 6 cepedHvomy cmanosums 74,1%. Il]o ceiouums npo
me, Wo KOJHCEH Yemaeepmuil NPOEKM 30A€EMbCsL 3 NOPYULEHHAM MEPMIHIE 30aHi.

Knwuosei  cnoea:  ynmpaeninus — IT-npoexmamu, KOMNAHII-8UPOOHUKUX
nPOSPAMHO20 3a0€3NeUeHH s
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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  ympaBninaa  [T-npoexktamMu  CTHKa€eTbCs 3 YHCIEHHUMU
CKJIQJHOIIAMU. 3a TaHUMU CTaTUCTUYHUX JTOCHTIIKEHb [ 1] yacTka MPOEKTIB,
3JaHUX BYaCHO oOpraHizauisiMu 1pogeciiHOro oOCIyroByBaHHS B
KOMIIaHIAX-BUPOOHUKax mporpamHoro 3abesneueHHs (I13) B cepeanbomy
cranoButh 74,1%. Illo cBimuuTh Mpo T€, MO0 KOXKEH YETBEPTUN MPOEKT
3[IA€THCS 3 MOPYILIEHHSAM TepMiHiB 31a4i. [Ipu nupomy mopoky B IT-npoextu
1HBECTYIOTBCSl COTHI MUTbspIIB monapiB. Tak, goxia ciToBoro puHky [13
2022 poky nepeBumuB 600 miapa momapie CIIIA, a 3a mporaozamm y 2027
poli Horo 3HayeHHs csarHe mo3Hauku y 800 mapa momapis CIIIA [2].
3HIKEHHS] PpU3MKIB HEBYACHOI 3/1a4l [T-MPOEKTIB THUM CaMHUM J103BOJIUTH
3a0LIaINTH BeJIMYe3H1 KowTH. [IpoTe 1151 3a1aua He € TPUBIATBHOO, a/KE Ha
Hel BIUTMBAIOTh YMCJICHHI 1 TIPU IbOMY JIOBOJI Pi3HI 32 MPUPOO0 aACHEKTH
ynpasiaiaas [T-poekTamu.

Yacmi 3minu. OnHa 3 HaRO1IBIIMX TIpo0sIeM B ynpasiinHi [ T-nmpoextamu
OB ’s3aHa 3 YacTMMHU 3MmiHamu. Tak, 3a gaHuM® gociikeHb [3] 48%
PO3pOOHMKIB SIK OJHY 3 OCHOBHMX NPUYHMH MPOBAJIB MPOEKTIB 3 PO3POOKHU
[13 Bkazasu Ha 4YacTi 3MiHM a0O MOTaHO 3aJ0OKYMEHTOBaHI BUMOTd. Piu y
TIM, 1110 YIIPOJIOBXK KUTTSA MPOEKTY HE PIAKO 3MIHIOIOTHCS MOr0 KOHIIETIIIT,
00CsATM, BUMOTY 1 HaBITh KUIBKICTh 3aBJaHb, SIKI MOTPIOHO BUKOHATU 3a
oquH copuHT. lle Moke mpu3BeCTH J0: NEPEBAHTAXKEHUX CIPHUHTIB,
3aIMIIICHUX ITPOEKTHUX 3aBJaHb, MUMOBLIHLHOTO TIOJIOBXKEHHS CIIPUHTIB, 1,
IK HACIIOOK, JEsKI JKUTTEBO BaXJMBI 3aBJaHHA  3aJMIIAIOTHCA
He3aBepiieHUMU. ToMy KEpIBHHKOBI IMPOEKTY BaXJIUBO IOCTIHHO
neperisiiaTd Macitabu MOXKIIMBUX 3M1H, OOTOBOPIOBATH 1€ 3 KIIOYOBUMU
3aIllKaBJICHUMU CTOPOHAMH, BH3HAYaTH HOBI MOXIIHUBI TMPIOPUTETH
MOJAJIBIION0 PO3BUTKY NPOEKTY, E€PEKTHUBHO PO3MOAUIATH 3aBAAHHS 1
BUYACHO HAJIaBaTH TOYHY 1HPOPMALIIO KIIEHTY PO CTaH MPOEKTY.

Ilpobnema KomyHixayii Midic 4UCIEHHUMU CMEUKX0A0epamu NPOEKmY .
[amor0 mommpeHo TPoOaEeMOr0, 3 SKOW CTHKAEThe [T-mpoekT, €
BeJIMYE3HA KUIBKICTh 3ay4eHUX MapTHEPIB, 3aMOBHHKIB 1 TTOCTAYAIbHUKIB.
[Tpubnuzno 29% mnpoeKTiB 3aBeplIylOTbCcd HeBAadero [4] depe3 morany
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KOMYHIKallil0 4ucieHHux crerkxonaepiB. KepiBuuku IT-npoekTiB maroTh
n00pe KepyBaTh KOMYHIKAIl€ID, 00 YHUKHYTH KOHQUIIKTIB y KOMaH]II,
3a0e3MeYNTH CBOEYACHE BUKOHAHHS Ta JOCATTH IIIEH MPOEKTY.

Bnaue IT-ingppacmpyxmypu Ha Oesneky ma YnpaeuiHHsA OAHUMU €
VHIKQJIBHOIO Ta BoaHo4Yac crenudiuyHoo mnpoodiemoro IT-mpoekTis,
nmopiBHAHO 3 1HIMME cepamu. Ockinbku IT-iHppacTpykTypa cKnagaeThes
3 armapaTHOro Ta MPOrpaMHOro 3a0e3NeUYeHHS, TO BHECEHHS Oy/Ib-sIKMX 3MiH
Mae OyTH BUBa)XEHHUM, 11100 BOHU HE CIPUUYMHWIIN PU3MKH JJIS OpraHizarii
YH JAHUX 11 KJIIEHTIB.

Ilpobaemu y3e00acenoi pobomu uucnennux IT-xomnonenmis. llle
OJIHIEIO CIIEUU(PIYHOIO MPOOIEMOIO, 3 SIKOK CTUKAIOTHCS KOMaHIU PO3POOKH
IT-nipoekTiB, € CKIaaH1 3aJIeKHOCTI MK [T-KOMmoOHeHTamMu: 00J1aTHAHHSM,
nporpaMHUM 3a0e3neueHHsM, Mepexkamu, AaHuMu. Ha mnpaktumi IT-
MPOEKTU HEMUHYYE CTUKAIOTHCS 3 MOMUJIKAMHU Ta MPoOJieMaMHt iX B3a€MOIT,
HE Ka)XXydd BXKE IPO UKCICHHI OHOBJIEHHs, Bepcii Ta Bumycku II3. Sk
MPUKJIAJ, HEOOXIJHICTh Y3rOPKEHOI B3a€EMOJIl PIZHUX KOMIT I0TEPIB,
NPUHTEPIB, IUIAHILETIB, CMApTQOHIB 13 PI3SHUMHU BEPCIAMU OIEpaliiHUX
CUCTEM, JIpaiiBEpiB Ta YTWIIT y paMKax BEJIMKOI OpraHizalii, ¢ NpalioTh
TUCSY1 PI3HUX TPUCTPOIB MOAIOHOTO POTY.

Coyianvne Oucmanyiroganns. He B oOCTaHHIO dYepry MNPUIHHOIO
3pOCTaHHS KUTBKOCTI MpobsieM yrpasiiaas [ T-mpoekTaMu 3a OCTaHHI POKH €
ColllaJiIbHEe JUCTAHIIOBAHHS, CIPUYMHEHE TMaHJEMI€I0 KOPOHABIPYCY
COVID-19, 1 nepexomom 1o BigmaiaeHoi poootu. Jocmimkenus KPMG [5]
nmokazyTh, 1Mo COVID-19 cyrreBo BrummHYB Ha moHaa 58% KomIaHii
CBITY, 1[0 MPU3BEJIO 10 3aTPUMOK 200 CKaCyBaHHS YMCICHHUX MPOEKTIB.

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/936785/software-professional-services-
worldwide-projects-delivered-on-time/
[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.
URL: https://www.statista.com/statistics/627648/worldwide-software-developer-
survey-project-failure/
[4] Success in Disruptive Times. Expanding the Value Delivery Landscape to
Address the High Cost of Low Performance. URL: https://www.pmi.org/-
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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

Anomauia. Ilpedcmasnena cucmema IHMENEKMYAIbHO2O 3A0€3NeUEeHHS.
JiaeHOCmMuKYU  ma  MOHIMOpPUHSY  eleMeHmie  MmypOOHACHIMAayie  CYOHOBUX
enepeemuunux ycmamxysanov (CEY) 3a oonomocoro nanyroecie Maprosa. Hoeusnoro
PO3p06NEHOI MemoOon02ii AGNAEMbCA 3AMIHA OUCKDEMHUX YACOBUX [HMEPB8Alis
npoyecy 0iazHOCMuKY NOCHIO0BHICIMIO MeXHIUHUX 00 ckmis. B makili nocmanosyi
nanyroeu  Maprosa npedcmagnsaioms co00l0 CUHMEMUYHY  61ACMUBICIb  SKA
aKymyno€  pi3HOpIOui  pakmopu.  Pamoomizayis — cmoxacmuunux  npoyecie
0iacHOCMYBaHHA ~ mMA  MOHIMOPUHZY — €leMeHmi8  CYOHOBUX  eHep2ermuyHUX
YCMamKy8anv 00360JIA€ NIOBUUWUMU HAOIUHICMb.

Knrwuosi cnosa: cucmema inmenekmyanvHo2o 3abe3neyeHHs 0iacHOCMUKYU ma
MOHIMOPUHZY elleMeHmie mypOoHazHImayie CyOHOBUX eHepeemUYHUX YCMAmMKY8aHb

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

MeTow JocCJiuKeHHST € MaTeMaTHYHE MOJICTIOBAaHHS IPOIIECIB
J1arHOCTYBaHHSI MOHITOPUHTY TEXHIYHOT O CTaHy CJIEMEHTIB
TypbonarHiTauiB CEY BuxopucroByrouu nanmoru Mapkosa. Jlanioru
MapkoBa XapakTepU3yrOTb CTOXACTUYHUK MPOLEC B SIKOMY YMOBHHM
PO3MO/ILJT UMOBIPHOTO MaOYTHROTO CTaHY IUX MPOIIECIB 3aJEKUTh TIIbKU
B1Jl TENEPIIIHBOIO CTAHY IIUX MPOILIECIB.

B [1-3] po3risiHyTI METOOJIOTIYHI aCIEKTH BUKOPUCTAHHS AUCKPETHUX
JaHIIoriB MapkoBa npu po3poOLl yNpaBiIlHCBKUX CTPATEriyHUX pILIEHb B
PI3HOMaHITHUX Taly3sX ekoHOMikH. B [4-5] Moaens MapkiBCbKOTO MpoIiecy
BUKOPUCTOBYEThCS 3a Ui BUSBICHHS BEKTOPIB CTaHy [ONUTY Ta
MIPOIO3ULIH.

B sxocti matepianiB JIOCHIKEHHS BUKOPUCTOBYBAJIUCh IapameTpu
JI1arHOCTYBaHHsSI €JIEMEHTIB TypOOHArHiTayiB Ta MHMOBIPHICHI OLIHKH
BIJIMOB, OTPMMaHMX Ha OCHOBI BEJIHMKOI'O CTaTUCTUYHOIO MaTepiary
eKCIUTyaTalii TPaHCHOPTHUX CYIAEH B YMOBAaX HEBU3HAUYEHOCTI BILUIUBY
30BHIIITHHOTO CEPETOBHIIIA.

B saxocti MeromiB  JOCHIKEHHS BHUKOPHUCTOBYBAJIWCH JIAHIIOTH
MapxkoBa. Jlanimrorn MapkoBa H03BOJISIFOTH 3reHepyBaTH mofii. TexriuHe
pillieHHs  JUIi  OIIHKK  TIOCIIIJIOBHOCTI ~ BHUKOPHUCTAHHS  TPOLECTYP
J1arHOCTYBaHHsSI KOHKpPETHUX eneMeHTiB TypOoHarHitadiB CEY B pamkax
Teopii MapkoBa TOCTYIIOIOTH BHOIp  HaWKpamoi  aJlbTepHATHBH
BHKOPHCTAHHS amapaTty Teopii IMOBIPHOCTI.

S

Bynp sixkuit cran ~J moxe OyTH JOCSATHYTUH 13 OyJb SIKOTO CTaHy
KIHIIEBE YUCJIO MEPEXO/IIB.

[lpu ™MopentOBaHHI BaXKUX TEXHIYHUX OO €KTIB OpraHizaliiHO-
TEXHIYHUX CHCTEM KIIOYOBHM MOMEHTOM € BIJOOpaXeHHS CTPYKTypH
B3a€MO3B’S3KIB  Ta mepexomiB. Hesanexxni BHMPOOYBaHHS — SBIISFOTHCS
OKpeMHUM BHIAAKOM JaHiora MapkoBa. [lomii BBakalOThCS CTaHOM
CHCTEMH, a caMi BUIPOOYBaHHS — 3MIHOIO CTAaHY CUCTEMHU.

P.

[lepexinHi IMOBIPHOCTI = JI He 3aJIe’KaTh BiJl MOMEHTY 4acy, a 3aJIeKaTh

S

I 3a

Tijpku Big/ Ta
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Jlaniror MapkoBa Oyze OJHOpPIAHUM, KOJIM YMOBU MMOBIPHOCTI Pﬁ

e

nepexofy cucTeMu i3 crany ! B cran / He Oyme 3aleXuTh Bif HOMepy
BunpoOyBaHHs. IMOBIpHICTh PJ I Oyne nmepexiHO MMOBIPHICTIO.

VIMOBipHiCTB ij (n) MOXKe OyTh 3HaijieHa 3a (HOpMYJIOr, KOTPY
Ha3WBAIOTh PIBHICTIO MapkoBa

P;(n) = TP(m)P(n —m)

ne " — KinpKicTh KPOKiB HEOOXiMHMX CHCTEMI I Mepexony i3 crany ! B

CTaH J ) n — YUCJI0 napaMeTpiB KOHTPOJITO

by sxuii cran SJ MOXK€ OyTH JOCATHYTHH 13 Oyab SKOTO CTaHy 3a
KIHLIEBY KUIBKICTh IEPEXO/IIB.

VIMOBipHiCTb Tepexody i3 OJHOro cTaHy B iHIIMI OJHAKOBAa B
HE3aJIe)KHOCTI BiJl TOTO CKUIBKM MPOMIKHUX CTaHIB MOXK€ OYyTH MPOWIEHO
IJIs1 JOCSITHEHHS KIHLIEBOT METH.

XapakTepHOO  OCOOJMBICTIO  MOJENIOBAHHS  1HTEJIEKTYaJbHOIO
3a0e3MeueHHs]  JIarHOCTUKM 1 MOHITOPUHTY  €JIEMEHTIB  CYJHOBUX

(S)

i. Tyr ' — HoMep momepeaHbOro

CHEPreTUYHHUX YCTaTKyBaHb SBIISETHCA TE, 1[0 YMOBHA WMOBIPHICTh Py

P.(S)=P,

crany, / — HOMep HACTYITHOrO CTaHy.
MIMOBIpHICTB TIEPEXOIB MOXKE OyTH TIPEACTaBIeHa B BUTIISAI PIBHOCTI

HE 3aJICKUTh BiJ CTaHy, TOOTO

P(xo=15) = qo(S)Vse
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v

ne - KBaHTOpP BCEOIYHOCTI, S _ mvckperrnii cran, d0- iimoBipHicTh

3HAXO/IPKEHHSI CUCTEMU B MOMEHT 4acy o= O, Xo — touka BIJITTIKY.

Bennuuna E SBJISIE COOOKO KIHIIEBE YHCJIO CTAHIB
E={e,e,..e.}

NMOBIpHICT,  TIEpPEXONY CHUCTEMH BHUPAXKAETbCA  4YEpe3  CTall0
J1arHOCTYBaHHS €JIeMeHTIB TypOoHarHitauis CEY

P(:xn+1 = Sn+1|xn = Sn:) = P(:SyzvSn+1:)v(‘s‘n+1'5n)

Bukopucrannss naHumroriB MapkoBa il BUSIBJIGHHS  IIPOLECIB
IHTENIEKTyaJIbHOro 3a0e3MeueHHs] JIarHOCTUKU 1 MOHITOPUHTY eJIeMEHTIB
TypOoHarHiTauiB CEY 3yMOBJI€Ha BUKOPUCTAHHSAM HACTYHUX IOJIOKEHbD.

CHcTeMa JiarHOCTYBAHHS 3HAXOAUTBCS B CTAHAX D1:92 = On.
[lepexoan MOXJIMBI TUIBKM B MOMEHTH 4acy, KOTPl XapaKTEPU3YIOTh €TalH
MOHITOPUHTY, TOOTO BBaXAalOThCS KpOKaMU. ApryMEHTOM JIAHLIOTY
MapxkoBa € HOMEp KpOKY.

Jlarmror MapkoBa B 11001l MOMEHT 4acy MOXKe OyTH oxapaKTepH30BaHa
BEKTOpPaMH TI0 CTPOUIIl MaTPHIl NepexiTHuX WMoBipHOCTEH (1).

SIKIIO TIOMHOXXHUTU BEKTOP-CTPOKY, sIKa XapaKTepH3ye PpPO3MOALI
MMOBIPHOCTEH Ha NIEBHOMY €Talli J1arHOCTYBaHHS Ha MATPULIO MEPEX1THUX
HMOBIpHOCTEH OTPUMAEMO PO3TOALT HMOBIPHOCTEH Ha HACTYITHOMY €Tarl iX
peamizariii B HarsaaH1id Gopmi Ta Ha pi3HUX eTanax MOHITOPUHTY.

BucHoBok. Po3po0ieHa KOHIENTyaJlbHA MOJIEIb 1HTEIEKTYaIbHOTO
3a0€3IeYeHHsT MOHITOPUHTY €JIeMEHTIB TypOoHarHiTadiB enemeHTiB CEY,
HaIpaBJeHa Ha BJOCKOHAJIEHHS MEXaHi3MIB JI1arHOCTYBaHHS Ta MPUUHSITTS
pillieHb Ha OCHOBI JIaHITIOTIB MapkoBa.

CtBopeHa imiTaimisi Mojaenl B BUIJSAL  oprpada, B  KOTPOMY
MPEJICTABIIAIOTh CTaH MPOLIECY, a pedpa — nepexiJy MK HUMH.

HoBu3HOI0 1aHHOI MOZIEN] € T€ IO B IKOCTI apTyMEHTIB J1arHOCTYBaHHS
BUKOPHUCTOBYETHCS HE YacC, a MOCIIIOBHICTh CTaHY A1arHOCTYBaHHS 1 HOMEP
miary sSikuii BijoOpakae 1HTEpBald TUCKpPEAUTALli MOHITOPUHTY €JIEMEHTIB
typOonarditaya CEY B ckinagHMX yMOBax eKCITyaTartii.
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PO APXITEKTYPY TA IIIXIJ 1O MOAYJISIPI3ALIII
AHJIPOI]l 3ACTOCYHKIB

Ph.D. O. Ilorienko
Hayionanvnuii ynieepcumem « Odecvka nonimexuikay, Yxpaina

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.

Keywords: android, architecture, patterns, components.
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Anomauin. byno 30ilicneno cnpoby nepeensnymu o@QiyitiHo peKoOMeHO0BAHT
apximexmypui wabnonu 011 AHOpPoOi0 3acMOCYHKIB, 30Kpema, MexXauizmie OJis
peanizayii wabnrony MVVM, 3 memorw HadauHs po3poOHUKam Ointbuie KOHMpPOIIO
HAO HCUMMEBUM YUKTOM KOMNOHenm. Poboma euxopucmogye ioei 3 iHuux cy4acHux
apximeKkmyphux piuieHv 01 IHMEPAKMUBHUX CUCMEM, 3ATULUAIOYUCL NPU YbOM)
AKHAUONUICUE 00 OIYIIHO PEKOMEHOOBAHUX PilieHb.

Knrouoei cnosa: anopoio, apximexmypa, wabionu, KOMIOHEHMU.

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. 1 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 iitiate 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 a tree.

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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LARGE LANGUAGE MODEL TRACKING AND COMPARISON
FRAMEWORK PROJECT
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Annomauyia. YV pobomi Hnasedena ides ma OuzaiH @pelumeopky 0
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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 LLMs, the stochastic nature of LLMs, 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 1s 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 i1s 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.
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Abstract. The work describes the constructed model of mass service system
simulation based on the example of a sorting station.
Keywords: modeling, simulation, mass service.

CydJacHi MIX0au 0 CTBOPEHHS IMITAlIMHUX MOJIEICH SBIISIOTH COOOI0
3aco0r TTOOYJIOBU CIIPOIIIEHOT0 OAaYeHHS UM CIIPUHHSITTS PEaIbHOI CUCTEMHU
3 Macor oOMexeHsb [1].

BBonutu Taki oOMEXEHHsS HEOOX1JIHO, TaK SK peajbHI MPOIECH, IO
NPOTIKAIOTh B MPUPO/L CYCNUIBCTBI, HACTUIBKM CKJIJHI 1 MOB'I3aH1 3 TAKOO
BEJIMKOK KUIBKICTIO OTOYYIOUMX (DaKTOpiB, L0 MOOYIOBA BCEOCSAKHOI
MOJIei - 1€ CKiIajHa 3aja4a [2].

AKTyalbHUM € 3aCTOCYBaHHS 3acO0iB MOJICNIOBaHHS JAMCKPETHO-
MO/IIEBUX CUCTEM JUIS IPEBEHTUBHOIO aHAMI3Y iX peallbHOTo cTany [3].
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Po3pobnena Mozaens mpu3HadeHa IS AOCTIHKEHHS crenu@ika podoTH
CKJIaay copTyBaibHOI cTaHIli. OCHOBHI ormepallii: po3BaHTaXCHHS,
3aBaHTa)KCHHA Ta 30MpaHHS 3aMOBJICHb.

Po3pobnena Mopenp Mictuth 10 OKpeMO CTBOpPEHHMX areHTIB Ta
CTUMYJISIIIHHANA MOJYJTb TOCITIKCHHS:

1. Dock (BanTakHMIT MaiiJaHYHMK) — II€ OKpeMa CYTHICTb, SIKa MICTHUTh
GyHKIIT Ta 3MiHHI 11 OOpOOKM JaHUX MOAENI TI0 BaHTAXKHHX
MalJaHIuKaX.

2. Forklift (BunkoBuil nepeBaHTa)kyBau) — L€ € areHT, SIKUH 1MITye
pOOOTY BHIIKOBOTO MEPEBAHTaKyBava 3aMOBJICHD JUISI TOCTABKU BAaHTAXIB 3
MICIISl PO3BAHTAXKEHHS JI0 MICIIS 3aBAHTAXKCHHS.

3. LoadingTruck (3aBaHTa)xyBajbHa BaHTaKIBKa) — areHT, HEOOXITHUI
JUISL. MOJICNIIOBAHHS BaHTAXKIBOK, 10 MNpUOYBaIOTh MO0 CTaHIIi 3 METOIO
OTPUMAaHHS 3aMOBJICHb.

4. Order (3aMOBJIEHHSI) — CYTHITh, SIKA MOJICJIOE JISIKUI CKJIaJl TOBapiB
Ta Ma€ CBOI BJIACTUBOCTI, (PYHKIII1 Ta 3MIHHI.

5. Pallet (mamera) — cCyTHICTB, fIKa CIYrye MICLUEM HepeOyBaHHS
OKpEMOI'0 3aMOBJICHHSI HAa COPTYBAJIbHIM CTaHLIII.
6. ResourceHandler (oOpoOHuK pecypciB) — areHrt, SKHi BHUHYE

000B’SI3KM TIOCEpEIHMKA T Yac 3AIMCHEHHS Omepariil TpaHCIOpTYBaHHS
3aMOBJICHHS JI0, TTO Ta 3 COPTYBAJIbHIN CTaHIIII.

7. Truck (BaHTaxk1BKa) — areHT, 110 31MCHIOE MOJICTTIOBAHHS BaHTaXKIBKU
3a BKa3aHOIO TPAEKTOPIEIO.

8. Type (Tum) — CyTHICTh, IO XapaKTEPHU3YE KIIbKICHI Ta SKICHI
napaMmeTpu JOCTIIKYBaHOT MOJIEII.
9. Unloading Truck (po3BaHTaxkyBajbHa BaHTaXiBKa) — areHT,

HEOOXITHUHA JJIT MOJCIIOBAHHS BAHTAXIBOK, IO BIIOYBalOTh 3 CTaHIIIi 3
METOI0 TIEPEBE3EHHS OTPUMAHUX 3aMOBJICHb.

10. Main (rosoBHUIT) — areHT TOJIOBHOI'O KJIacy MPOrpaMHOI CUMYJISIIT
poOOTH Mo, IO MICTUTh PECYpCHY CTPYKTypy OO’€KTiB MoOAeli Ta
IE€HEPYE TOIOBHUM NPOrpaMHUN KOI.

11. Simulation:Main (Moxynb cUMYJSIi) — CTUMYJSIIAHUA MOAYITh
BUKOHAHHS IMPOLIECY JOCHIKEHHS CTBOPEHOI MOJENi, SKU 3a0e3nedye
1HTEpdeiic popmu cTapTy poOOTH MOJENI.

BucnoBku. J[ana Mozienb 103BOJIsIE JOCTIIKYBATH PIBEHb 3aBaHTAKEHHS
COPTYBAJIBHOI ~ CTaHIIi  3aBASKA  MPOBEACHHIO  OOYMCITIOBAILHOTO
EKCIIEPUMEHTY, 110 MOKE OyTH BUKOPUCTAHO JIJIsl BUSBIICHHS CIA0KUX MICIb
y poOOTi pO3TISIHYTOTO 3aKIay.
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JlocmipkeHHss  po3po0JIeHOI  MOJENl  JI03BOJIIE 3HU3UTH  KUIBKICTh
MOMWJIOK B Oprasizauii poOOTH COPTYBaJbHOI YHM CKJIAJICBKOi CTaHIII,
3aBASKM MOXJIMBOCTSIM MPOBEACHHS IMPEBEHTHBHOIO aHami3y  ClaOKux
MICIIb CUCTEMH.
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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, sofiware testing.

PerenvHe omnpaltoBaHHs nMuTaHbk KBamiikallli KaapiB cTajaa HEB1I €EMHOIO
YACTHHOIO 1 BAXKJIMBOIO CKJIAJIOBOIO YCHIXY AISUTBHOCTI KOXKHOI KOMIaHii.

[Ipore Bce vacriiie Cy4acCHUMHU KOMIIAHISIMH 3 PO3POOKH MPOrpPaMHOIO
3abe3neuenHss (II3) moBomuThcs  mpuiiMaTH  pIlIEGHHd B yMOBax
HEBU3HAYEHOCTI, KI MOXYTh NPUBECTU 10 HemependaueHuX HacIiJKiB 1,
BI/IMOB1/IHO, HEOAKaHUM pe3ysbTaTaM 1 30uTkam [1].

CBoeuacHe BUSIBJICHHS, a TaKOX aJieKBaTHA 1 HAMOUIbIII TOYHA OIliHKA
KOMIIETEHTHOCTI PI3HUX MpalIBHUKIB TAaKUX KOMIAHIA € OfAHIEI 3
HarajpHUX MPOOJIEM CYy4acHOTO aHaMi3y.

J171st IbOTO AOLLIBHUM € 3aCTOCYBAHHSI HEUITKOI JIOT1KH.

Bukopucranus, 30kpeMa, Teopli HEUITKMX MHOXXHH J1I03BOJISIE OMKUCYBATU
HEYITKI MOHATTS 1 3HAHHS, ONEPYBATH LIMMM 3HAHHSIMHU 1 POOUTH HEUITKI
BHUCHOBKH.

OCHOBOIO JUIsl IPOBENEHHS ONEpallli HEYITKOrO JIONYHOIO BHCHOBKY €
0a3a mpaBuJI, 110 MICTUTh HEUITKI BUCIOBIIOBaHHA Y popmi "Skmio mock" i
GYHKINT TPUHAICKHOCTI SIS BIAMOBITHUX JIIHTBICTHYHHUX TEPMIB [2].

AHami3 JiTepaTypHUX DKepen IoKazaB, M0 PIBEHb KOMIIETEHTHOCTI
tectyBaibHUKA [13 (opmyeTbcs BHXOASYM 3 COIlaIbHO-OpTraHi3alliiHMX,
poeciiHrX 1 TICUXOJOTTYHUX ACTICKTIB.

VY cBOIO, Yepry KOXKEeH acMeKT BKJIIoYae B ceOe Pi3HI SKOCTI, HAHOUIBII
aKTYyaJIbHUMH 3 SIKUX €:

1. ComianpHO-OpraHi3aiiiiHi SKOCTi (comiaabHUN piBeHB). JligepcTBo.
KomynikabenpHicTh. CTpecocTiHKICTh. BiamoBiganbHICTb.

2. Tlpodeciitni skocti (mpodeciitnuii piBeHb). Jloriko-aHamITHIHUN
ckiag po3ymy. TexHiuHa 1ikaBicTh. KpeaTuBHICTH 1 00pa3HICTh MHUCIICHHS. .
CamoocBiTa.

3. TlcuxonoriynHi sKOCTI (MCUXOJIOTTYHUM piBeHb). EmorriliHicTs. Boss.
MopanbHicTh. MoTHBaIIISL.

Ha 6a3i BusiBneHux (akTopiB € MOMXKJIMBUM MOOYA0Ba HEYITKOI MOJEII.
JIHrBiCTMYHI 3MiHHI (PAKTOpPIB HEUITKOI MOJENl aHali3y Ta OLIHKHU
COILIIaJIbHO-OpTaHi3aIli HHOTO piBHA KOMIIETEHTHOCTI (COPK)
TecTyBasibHUKIB [13 HaBeaeHo y tadm. 1.
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3 MeToro TOOYIOBHM HEYITKOI MOJEN JUIsl  JIHTBICTUYHUX 3MIHHHX
BUKOPUCTOBYIOThCS TepMu «Hmsbkay, «Cepents» ta « Bucokay.

BucnoBku. Po3pobneHy HeEWiTKy MOJeNb OLIHKH KOMIETEHTHOCTI
TecTyBaIbHUKIB [13 MOXKHa BUKOPHUCTOBYBATH IS BpaxXyBaHHS B3a€MOJIIT 1
B3aEMO3AJICKHOCTI BCIX (DaKTOpiB, IO BIUIMBAIOTh HAa PIBEHb SKOCTI
BUKOHAHHS BHUPOOHMYMX pOOIT 3 TMEPEBIPKU SKOCTI MPOTPaMHOTO
3a0e3MneueHHs 1 3HU3UTH 4acoBl BUTPATH Ha (HOpMaTi3alliio JIHTBICTUYHUX
3MIHHUX.

Tabmuua 1 — JlinrBictuuni 3miHHI QaktopiB COPK 1 ix ¢yHkmil
NPUHAJIEKHOCTI

Hazga o OO0acTh BUBHAYCHHS
JTHTBICTUYHOL Tepmu smikHof byHKIIIT
C (cumBonBHA (hopma) :
3MIHHOI PHHAJICKHOCTI
Husbske Y, 0,0.25
JligepcTBO Cepenne Y, 0.25, 0.65
Bucoke Y, 0.55,1
Hwusbska Y, 0,0.3
KomMyHikaOenbHICTh Cepenns Y, 0.2, 0.65
Bucoxka Y, 0.5, 1
Hwuseska Y, 0, 0.25
CtpecocTiiKiCTh Cepenns Y, 0.2, 0.65
Bucoka Y, 0.6, 1
Huzpka Y, 0,0.28
BiamosimanpHICT Cepennst Y, 0.25, 0.6
Bucoka Y, 0.5, 1
ComiansHO- Huzpkuii Y, 0,0.21
oprasi3amiifHui CepenHiii Y, 0.18, 0.59
pIBEHb Bucoxkuit Y, 0.55, 1
Jliteparypa
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Anomauin. B yiii pobomi nposedena po3pooka memooy nepeHecenHs MiMIKU Ha
macky obnuuys 6 peanvHomy 4aci. [na yvboeo O6yIu onucami ma NOSACHEHi ICHYIOYI
MOOeNl ma HEeUPOHHI Mepexci, Wo BUKOPUCTNOBYIOMbCA Ol 0OPOOKU ma 2eHepayii
300pasicendb, K 0OnomMazaroms 8 supiuieHti nocmasieHoi 3adaui. byau docnioceni
OCHOBHI CKNA008I Ybo20 Memoody, MaKi AK GUSHAYEHHS KIIOYOBUX MOYOK,
anpokcumayisi pyxie, 2eHepayis NPOMIJCHUX Kaopie, Oemali ma MamemamuyiHa
CKA008a YUX emanis.

Knrowuosi cnosa: animayis 300padiceHv, 320pmKOGI HEUPOHHI Mepedici, KItou08i
MOYKU.

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 poboTa mpucBsSYeHA BUBUCHHIO, PO3POOINl MOJIEl MEPEHOCY MIMIKH
Ha OOIMYYsl Ta BUKOPUCTaHHS i1 Juisi poOOTH B peaJbHOMY Yaci 0e3
3aroTOBJICHUX JDKEPEl.

AHiMaIlist 300pa’keHb € BAXXJIMBOIO CKJIAJIOBOIO 0aratboxX raiay3ei, TaKux
K KOMIT I0TepHa rpadika, BII€0O MOHTaX, CIELIaJIbHI €PEKTH Ta BIpTyajbHa
pEaTbHICTb.

Mertoro miei podotn € po3poOka e(HEKTUBHOIO Ta THYYKOTO METOMY,
SKUW JIO3BOJIAE TIEpPENaBaTH PEATICTHYHI PYyXH 3 JDKepena Ha IIhOBE
300paKE€HHS B peaIbHOMY Yacl.

OpHi€ro 3 OCHOBHMX Ipo0JieM B aHIMallll 300pakeHb € mepeaada pyxy,
30epirarouu Mpu bOMY BUTJISIT IIILOBOT'O 300paKEHHH.

Tpanuiiiiai METOAM MOTJIM BUKOPUCTOBYBATH MPOCTE KOMIIOBAHHS PyXY
3 JpKepenia Ha IIijIb, ajie IIe TMPU3BOAUTH 10 BTpATH alapaTHHUX JeTaieh Ta
peamictuaHocTi [1].

Mopnenb, 1o Oyae po3riasgaTHCA NpH3HAYCHA JUISl BUPIMICHHS ITi€q
mpoOJIeMH, JTO3BOJISIOUM TIEpPeIaBaTH peajliCTUYHUN pyX 3 DKeperna Ha
IIJTBOBE 300pakeHHs, 30€pIratour MpH IbOMY HOT'0 BUTJISI.

Bona 0a3yetbcs Ha po3nuieHH1 1H(opMarlii npo pyx Bij iHopMmalii mpo
BUIIIAA [2].

Kpim mi€i mpobiieMu BUpINIyeThCs MpoOieMa MOCTIHHOTO HaBYaHHS
Mepex1 JIs aHIMaIIiit 300pakKeHHs, TaK K MOJIEb, PO3TIISHYTa B il poOOTI
HABYAETHCS OJIUH pa3 Ta MOXKE BUPIIIYBATH CBOIO OCHOBHY 3aJlauy NIEPEHOCY
MIMIKH 7151 OyIb-KOT0 o0mmaus [3].

BucHoBkH. OyB po3poOJIeHHI alropuT™M ISl TIEPEHECEHHS MIMIKKA Ha
MacKy B peaJlbHOMY 4aci.

[Iporpama € kpoc-maThopMHOIO Ta MOXKe OyTH 3aImyleHa Ta KOPEeKTHE
MpaIfoBaTH Ha OY/b-AKiN OomepalliiHii cucTeMi.

Mopenb € THYYKHM amapaToM, 10 3a0e3mneuye 30epexeHHs JeTanen Ta
KOHTEKCTY IIIJIbOBOTO OPWTIIHAIBHOIO 300paKeHHS IIiJ Yac aHiMalli B
peasnibHOMY yaci.lle 103Boisie 30epertu peaicCTUYHICTh Tiepeadl pyxiB.
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Anroput™m Moxe OyTH BUKOPUCTaHUN HE TUIBKH JIJIS TIepeadl MIMIKH Ha
o0My4s, a ¥ TpuU TIEBHOMY HABYaHHI, MOXX€ BUKOPUCTOBYBATHCS JUIS
nepeaadi pyxiB BChOTO TUIa B peaTbHOMY Yaci.

byB po3pobieHnii mpocTrii Ta 3p0o3yMiIui 1HTEp(]EHC, IO J03BOIUTH
JIETKO BHUKOPUCTOBYBATH MOro JIOJSM TOMEPEAHHOrO JIOCBINY B Tally3i
IMTIMOMHHOTO HABYAHHSI Ta KOMIT FOTEPHOT0 30Ppy
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PO3PAXYHOK PU3HUKIB I1PA PO3POBIII 3 BUKOPUCTAHHAM
WEIGHTED RISK ASSESSMENT TA INFLUENCE POINTS
ANALYSIS

M. Bbarypa, O. Ilorienko
Hayionanvnuii ynisepcumem « Odecvka nonimexuikay, 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

Annomauia. Y pooomi Hageoeni aneopummu po3paxyHKy pusukie 0Jisi NpoeKmis,

8 3AU1eJHCHOCHII 8I0 KITbKOCMI 3a80akb ma ix npiopimemy.
Knrwouoei cnosa: pusuxu, éacu pusuxis, oyiHKa 8axiciu80Cmi, OYIHKA 8NIUBY.
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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 anropurmu €
THCTpYMEHTaMH JIJIs OIIIHKHM PU3UKIB Y TIPOEKTaX a00 MpUHHSATTI pimeHs [1].
Weighted Risk Assessment (Barosa Oriinka Pu3ukiB).

[eit MeTom 3aKOYAETHCS B MPU3HAYCHHI Bard JUIsl KO)KHOTO PU3UKY Y
3B’S13KYy 3 BUHUKHEHHSIM HOTr'0 BaXKJIMBOCTI Ta MIMOBIPHOCTI [2].

Kpoku: BusHaueHHs pHU3MKIB: 1AeHTH(IKAIIS PU3HKIB, TOB'SI3aHUX 3
PO3POOKOIO MIPOEKTY.

Orminka BaXJIMBOCTI Ta BHM3HAUEHHS Baru: M KOXHOTO PHU3UKY
BU3HAYAETHCS HOr0 BaroBe 3HAUEHHS Y BIAHECEHHI JO BIUIMBY Ha TPOEKT.
Hampuknan, mkama Big 1 mo 5, me 1 - Hu3bKA, 5 - myXe BaKJIMBO.
CopTyBaHHSI PU3HUKIB: PU3UKH COPTYIOTHCS 32 BAaror0 BiJl OUTHIN BaXKJIUBHUX
710 MEHII BaYKTUBUX.

[InanyBaHHS 3aXO0/iB: TUIAHYBAHHS 3aXO/lIB JJIsl 3MEHIIICHHS pU3UKIB [3].
Influence Points Analysis (Ananiz BrmuBoBux Todok).

Lett meTon mossirae B iAeHTH(IKAIT "BILTMBOBUX TOYOK" B CHCTEMI, IO
Ma€ HalOUTBIINI BIUTMB Ha Pe3yJIbTar.

OcHOBHa i€l - 30CEpPEAUTHCS Ha OOMEKEHIM KUIBKOCTI KIIFOYOBHX
TOYOK 3aMICTh OLIIHKH BCiX pu3uKiB. Kpoku:

1. Bu3HaueHHsI BIUIMBOBUX TOYOK: OOMPAETHCS OOMEXKEHA KUIBbKICTh
3aBJaHb a00 acHekTIB MpOEKTy, $KI MalTh HAWOUIBIIMN BIUIMB Ha
YCHIIIHICTb.

2. OLiHKa Ba)KJIMBOCTI: OLIHIOETHCS BAXKIHMBICTh KOXKHOI TOUKH BIUIUBY
Ha TIPOEKT.

3. OuiHKa pU3MKIB: A1 KOXHOI TOYKA BIUIUBY BHU3HAYAETHCS
WMOBIPHICTh BUHUKHEHHS PU3HUKY 1 HOTO BaroBuii KOS(MIIiEHT.

4. IlnanyBaHHS 3aX0/liB: TUTAHYBaHHS 3aX0JIIB JIJIsl 3MEHITICHHS PU3HKIB.

OOuBa METOAM MAIOTh CBOI MIEPEBAru 1 HEJAOIIKH.

Bubip MDK HHMMH 3aJ€KWTh BiJ KOHKPETHHX TIOTpEO MPOEKTY,
JOCTYIHHUX PECYPCIB Ta KOHTEKCTY.
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KOHIEMNNIA BUSBJEHH S CXUJIBbHOCTEM YUYHIB HA
OCHOBI AHAJII3Y IX ITOBEAIHKOBHUX ITATEPHIB
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CONCEPT OF DETECTING STUDENTS' TENDENCIES BASED ON
THE ANALYSIS OF THEIR BEHAVIORAL PATTERNS

N. Predein, D. Shibaev, G. Tsirulnikova
'Odessa Polytechnic National University, Ukraine
’Odesa College "Server", Ukraine

Annomauyia. Y pobomi onucamHo nponoHO8AHY KOHYENYil0  GUAGIEHHs
CXUTbHOCMEU YYHI8 HA OCHOBT aHAI3Y IX NOBEOIHKOBUX NAMEPHIS.
Knrouoei cnosa: ananiz namepmis, uae1eHHA 3HAHD.

!

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 CIOCTEPITA€ThCSl aKTHBHA 1H(POpMATU3ALIS 5K
BUPOOHMUMX, 1 HaByYaibHUX TmpotieciB [1]. Ile 3ymoBII€HO HEOOXiAHICTIO
3a0€3MeueHHs BIAIAJICHOrO PEKUMY pOOOTH (paxiBLIB Ta YYHIB, & TaKOXK
NOCTIHHUM  PO3BUTKOM Ta BJOCKOHAJEHHSM pUHKY 1HQOpMAIiiHUX
texaooriit (IT) Ta cucrem, 4ilbHE MiCIIe B IKOMY 3aiiMalOTh BEO-T0JaTKH.

3 MeToro 3a0e3MmeueHHs] MAaKCUMAaJbHOTO CTYIEHS THYYKOCTI y BHOOpI
HEOOXIJHOrO KOpUCTyBadaM (yHKIIOHANTY 3'sBWJIacs Ta OTpuUMala
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aKTUBHUH PO3BUTOK MOJEIb BHUKOPHCTaHHS METOMIB Ta 3aco0iB
iHTenekryaapbHoro anamizy gaHux ([AJl) st ominku 3a16HOCTEH Ta
CXUJIBHOCTEM Y4YHIB [0 MaTepiajiB Ta TeMaTUK HaBuYaHHA [2].
[IpormoHOBaHMI KOHIIENIT IPYHTYETHCS HAa METOMUII 3aCTOCYBAHHS MOJEIEH
MammmHoro HaBuaHHsa (MH) mis ominku Ty iHGOpMaIiHHOTO METa0o13My
(TIMy), sikuii HaBYA€THCS MIJISTXOM MPOBEACHHS TPOIECIB 300py Ta aHAIZY
TEKCTOBUX IIOCTIB KOPUCTYBadiB COIIAJbHOI MeEpexi 3 MOAaJIbIIUM
BH3HAYEHHSAM iX corioHigyHoro tumy. CormioHiyHuM miaxin [3] momsrae y
BU3HAYEHHI THIMOJOri OCOOMCTOCTI B IIUTICHIA CHUCTEMi, IO OIUCYE
1HUBIIyaldbHl SKOCTI Ta OCOOJIMBOCTI JIFOJUHU, 3 SKUX CKJIaJatoThcs 16
TUIIB ocoducrocTi. KiIro4oBMMM eTamamMy HpPONOHOBAHOIO MIAXOAY 3
(opMyBaHHSI KOHLIETILIT €:

1. Ouminka TIMy yuHs 3a HOr0 TEKCTOBUMHM ITOCTAMMU.

2. OuiHKa CXWIBHOCTI y4HS J10 KaTeropii MaiOyTHBOI mpodeciiiHol
TISUTBHOCTI.

[Tepimmit eTan BKJIrOYa€ HACTYIIHI 3aBJIaHHS:

1. 361p Ta hopMyBaHHS CTPYKTYPH JAHUX KOPUCTYBAIBHULIBKUX IOCTIB.

2. Ilepenobpodka chopMOBaHOrO HAOOPY JaHUX.

3. Hopmamizamis ganux nojadi Ha BXia moaeasmM MO.

4. OrmiHKa TOYHOCTI Kiacudikarii.

Ha ocHoBI omy01iKOBaHUX TEKCTOBHX TMOCTIB YUHIB ITPOBOJMTHCS IXHIN
MApCUHT 1 TepeoOopodKka 3 MeTor (GopMyBaHHS CTPYKTYPOBAHOTO HAbOpy
nanux. Ilicms IbOrO MPOBOIUTHCSA OYHMIICHHS JIAHWX, BHIAJICHHA Ta
GbiapTpallis He 3HAUYIIUX CMMBOJIB Ta 1HINI JOMOMIXHI onepariiHi aii ams
CTBOPEHHS OYMIIICHOI0 MacUBY JJaHUX MOCTIB Ta MiTOK. Ha 6a3i oTpumanux
pe3yibTaTIB BUKOHYETHCS HOpMAaTi3amis JaHUX [IISXOM IPOBEACHHS
MPOLIETYP BEKTOPHU3aIlii, OIIHKK Ba)KJIMBOCTI CJIIB Y KOHTEKCTI TEKCTOBHX
MOCTIB, HOpPMaJi30BaHI JaHI TOJAIOThCA Ha BXIa g0 Moxaened MO 3
MOIAJIBIIIAM TIPOBEICHHSM OIIHKH 1X TOYHOCTI

BucnoBku. IlpormoHoBaHMM Miaxia € AOHIIBHUM Uit (OpMyBaHHS
MpolieciB 00pOoOKHU Ta aHaII3y JAHUX 3 BUSBJICHHS CXWJILHOCTEH MaWOyTHIX
¢daxiBiiB B 06sacti mpodeciitHoi JIMCHOCTI 3riAHO 10 iX (YHKIIOHATBLHUX
MOXKJIMBOCTEH Ta TUITY 1HPOPMaLIMHOTO METa00I13MYy.

Jliteparypa
[1] Biktumupie M.P. Tenneniii po3BUTKY T€XHOIOr1H OOpOOKM BEIMKUX JaHUX Ta
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ABTOMATHUYHE BUSHAYEHHS OB’€EKTIB HA 30PA’KEHHAX
BUKOPUCTOBYIOUYM HEMPOHHI MEPEXI

K. Yeb6an, Ph.D. C. Kocenko, Ph.D. M. Pynniuenko
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AUTOMATIC DETECTION OF OBJECTS IN IMAGES USING
NEURAL NETWORKS

K. Cheban, Ph.D. S. Kosenko, Ph.D. M. Rudnichenko
Odessa Polytechnic National University, Ukraine

Annomauia. Y pobomi nageoeno aneopumm ananizy 300pasdcenb ma 6U3HAYEeHHs.
nesHUx 00’ €KmMi6 Ha HbOMY BUKOPUCMOBYIOUU HEUPOHHY MEPEHC .

Knwuosi cnoea: awnaniz 306pasiceHb, MamemMamuyHi anieOpummu, HOULYK
00 exmis, Hetipouna mepexca, 3SHM, LIIHM

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

AHani3 300pakeHb 3a JOMOMOTOI0 HEHPOHHUX MEpPEeXK € OIHIEI 3
HAWTIOMIMPEHIIMX Ta TOTY)KHUX 3aCTOCOBYBaHHMX OOJacTell MaIllMHHOTO
HaBYaHHSI.

IlepeBara 11pOro MmiIX0y NOJAra€e B TOMY, 110 HEMPOHHI MEPEXk1 BMIIOTh
ABTOMATHUYHO BWSIBJISTH BJIACTUBOCTI Ta O3HAKU Ha 300paKEHHSAX, M0 1X
poOuTh eheKTUBHUMH Y PO3Mi3HABaHHI 00'€KTiB, Kiacudikarii 300pakeHb,
CErMEHTaIlli, reHepallii KOHTeHTY Ta 0araThOX I1HINWX 3aBaaHb[1].

Po3pobka Takoi Mepexi moTpedye ASSKHX 3HaHhP MAaTEMAaTHKH, TaK 5K
BOHA € BAXJIMBUM acCIIEKTOM MAIMHHOIO HaBYaHHSA. PO3yMmifouM OCHOBHI
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MaTeMaTHUYHI KOHIICTIIIi1, 10 JIeKaTh B OCHOB1 pOOOTH HEMPOHHUX MEPEK, a
TaKOXX B3a€MOJIII MEpEeX 31 300paKEHHSIMU MOXKHA MOYMHATH BUSBICHHS
0COOJIMBOCTEMN pO3POOKH.

Hwxde HaBegaeHo Aeski crienudidHi 0COONMMBOCTI aHAMI3y 300pakeHb 3a
JIOTIOMOT' 00 HEMPOHHHMX MEPEkK, sIKI OyJ0 BHSBJIECHO B PE3yJbTaTi aHAI3Y
el o0acTi:

- 3ropTouHI Iapu AJi BUSBIICHHS O3HAK: 3rOPTOYHI HEHPOHHI MEpexi
(CNN) € OCHOBHOIO apXiTEKTypow st 0OpoOkM 300pakeHb. BoHu
BUKOPUCTOBYIOTh CIICLIAIBHI IIApH, SKI MPOMYCKAIOTh 300pa)KEHHs uepes
¢bipTpH (s11pa), 1O AOMOMAratoTh BUSIBUTH Pi3HI TEOMETPUYHI O3HAKHU, TaKl
AK peOpa, KyTH, TEKCTYpH TOLIO.

- lepapxiunicTh BusiBjieHHs 03HaK: Y CNN KOKeH HaCTyIHUH 1Iap MOXKe
aHaJ13yBaTh OUIbIN aOCTPAKTHI Ta CKJIAJHI O3HAKU Ha MIJCTaBl BUSBJICHUX
nornepeAHIMuU mapamu[2].

Hanpuknan, nepuni mapu MOXYTh BHUSIBISTH Kpai Ta KOJIbOPH, a
HACTYTIHI - POpMU 00'€KTIB.

- Ayrmenraris aanux: s migBUIIEHHS POOOTOCIPOMOMXKHOCTI MOJIET1
MO>KHA 3aCTOCOBYBATH ayrMEHTAIlII0 JaHUX.

[le o3Hauae 3acTOCyBaHHsS HEBEIUKHX 3MiH JO 300pakeHb y MpOIIeci
HAaBYaHHS, TaKWX SK 3CYyBH, OOepTaHHsS, 3MIHa KOHTpacTHOCTI Tomio. Ile
JI0TIOMara€e MOICIIl BYUTHUCS PO3ITI3HABATH 00'€EKTH B PI3HUX YMOBAX.

- Ilepenoc BuBuUeHUX O3HaK: Mojeni, HaBUEHI Ha BEJIMKUX HaOoOpax
nanux (Hampukian, ImageNet), MOXKyTh BHSIBJISTH 3arajibHi O3HAKH, SKi
KOpHCHI JJis 1HIMX 3a7a4[3]. TakumM 4uHOM, BUBYEHI O3HAKH MOXYTh OyTH
MepeHeceH1 Ha HOBI 3aJ1ayi, HaBITh SKIIO JIOCTYITHI OOMEXKEHI JaHi.

- CemaHTnyHa cerMmeHTaris: Jleski Mepexi MOXYTh BHKOHYBATH
CEMaHTUYHY CETMEHTaIilo, Je€ KOXKEH IIKceIb Ha 300pakKeHHI
MIPU3HAYAETHCS IEBHOMY KJ1acy 00'€KTY.

Ile xopucHo mana aHamizy 300pakeHb 3 TOYHIIIOK JIOKaJ13aIll€l0
00'€KTIB.

Ha 6a3i naBenenoi Bumie iHdopMmaiii Oyno chopmoBaHO 0a30BuUit
apXITEKTYpy CHUCTEMH JUIsl pO3MI3HAHHS MEBHUX OO’ €KTIB HAa 300pa’KEHHI.
Po3srisinaeTscss came BUSIBJIEHHSI TEKCTY Ha 300pa)KE€HHI Tak sIK 1€ POOUTh
OPOAYKT img2txt as mpukiaay. Cuctema He € CKIaTHOI Ta THYIKOI0, X04a
anroput™ (puc. 1) Moxe MITIATH 1 M Taki PIlICHHS, B 3aJIGKHOCTI BiJ
moTped Ta 3aIuTiB.

BucnoBku. HaBenena cuctema Moxke OyTu 3acTocoBaHa st
aBTOMaTHU3allli BU3HAYEHHS T[IEBHUX OO0’€KTIB Ha 300pa’KEHHAX JUIs
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MOJAJIBIIIONO IX aHaji3y Ta BHUKOPHUCTAHHS Yy pI3HOTO POAYy JOJATKax.
Hanpukan, BHKOpHUCTaHHA JAaHOI CHUCTEMH MOXKE 3HAYHO PO3IIUPUTH
(GYHKITIOHAI TOJATKIB 3 BeleHHs (DiIHAHCOBOI 1CTOPIi KOPUCTYBaya, JOaBIITH
MOXJIMBICTh CKaHyBaHHS (DI3MYHHUX 4YEKIB, a/pKe piaKo OaHKW abo 1HIII
CTPYKTYPH JAaI0Th JOCTYII JIO 1CTOPIi TpaH3aKIlIiH KOPUCTYBadiB

Kopuctysau
mporpaMH

Baox BBOIy JamEX

h

Baox 3Gepirasss indopmarnil

- basa EaswanpHHX
3obpaxeHb

- basa sofpaxess a1s
pOosmIsHABAaHEA

A
BrIoK po3mizHABaHHA

Baox 31101 Sxox [IIHM
BI0K >
nomepesERo: B:Jc:x monspeTmol
oSpoSxm xasorx OSPONIEN T
v e
Bxox oSTECIeN=E
VMOSHES Bxox moOyxoms
IMOBIPHOCTES IIEN
oM
L 4 A 4
Baox BIOK poImiz=asanHs
POIMIZHABANES

A

BaIoK BHBeIeHHA PesyasTaTy
pPOSHISHABANHS

Pucynok 1. Apximexmypa cucmemu nOULyKy negHux oo '€kmie Ha
300padcenni. ITHM — wimyuna netiponna 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 nagedeHo 0a308i NpUHYUNU OpeaHizayii 2010C08020
inmepgheticy v iH@opmayitiHili cucmemi, ONUCAHO alcOpUMM NOOYO08U MAKO20
inmepdheticy ma 0esKi Knouoei 0coonusocmi npoyecy.

Knrouoei cnosa: conocosuii inmepgetic, arcopumm nooyoosu.

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 pgomaBaHHsS TOJOCOBOrO IHTEpENCy g yIpaBIiHHS
nporpaMamMy BHMAara€ KOMIUIEKCHOTO MiJXOAYy Ta INIMOOKOro PO3yMiHHS
MIPUHITUITIB TIOOYIOBH Ta POOOTH INTYYHOTO IHTENEKTY B3araji Ta TaKHUX
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HOro eneMeHTIB, SIK MOJENi JUIS TMEePETBOPEHHS TOJIOCY JIIOJUHHU y TEKCT
BIIACHE.

Takox 19 TOYHOCTI pPOOOTH CKIAJHUX CHCTEM 3 IOAIOHUM
iHTepdericoMm HeoOX1THO BHKOPHCTATH JTOMAATKOBI MOAEII Ta METOIW IS
CIIBCTaBJICHHS JiH, 110 BUMAarae peajaizyBaTh KOPUCTYBad 3 (PyHKITIOHAIOM
MIPOrPaMH.

Anroputm pobGotu Al Mozeni Juisi po3mi3HaBaHHA Ta TpaHchopmarlii
JIOJICBKOI MOBHM Y TEKCT € CKJIQJHUM OaraTopiBHEBUM NPOIECOM, SKHI
MO>KHA YMOBHO OITUCATH TPHOMAa KPOKaAMHU.

Crnepiry BUKOHY€EThCS ayaioo0poOka. Ha nibomy erami ayaio3anuc MOBH
00poOJISIETBCST 3a JOMOMOrOK HA0OpY I1HCTPYMEHTIB, SIK-TO 3ariylICHHS
IIyMYy Ta YCYHCHHS Bi/UTYHHSI.

TakyuM 4YMHOM MOKPAIIYETHCS SKICTh ayA103alUCy, 1O MIJBUIIYE PIBEHb
3pO3YMIJIOCTI TEKCTY JJISI MOJIEII.

HactynmHum KpoKOM BUKOHYETBCS PO3Ii3HABAHHS MOBH.

Ha wnpomy erami Mojelb BUKOPUCTOBYE 3a/laHi QJITOPUTMU IS
BUJIUUICHHS 3 TIONEPEIHHO HAJAHOTO ayAio3amnucy OKpemHux ciiB. Ha
OCTaHHBOMY €Talll MPOBOJUTHCSI CHHTE3 TEKCTY.

TakuM YMHOM, Ha OCHOBI 3HAaHb MPO JIGKCHMKY Ta TpaMaTHKy MOJIENb
CHHTE3y TEKCTy (opMye 3 BHU3HAUEHUX CIIIB ITOBHOIIIHHE 3MICTOBHE
oB1TOMJICHHS [1].

Taki Mozesni po3mi3HaBaHHS TEKCTY € IMBUAKUMH, TOYHUMHU Ta JIETKUMH
Yy BUKOPUCTaHHI ISl IIIUPOKOT'O KOJIa CIIO’KUBAYIB.

i Mogeni MOXyYTh OyTH 3aJIiHI Y CUCTEMaX pO3Mi3HABaHHS TOJIOCY, JUIS
NepeKyialy Ta CTBOPEHHS CYOTUTPIB, y TOJIOCOBUX IOMIYHHKAX TOUIO.
Anroput™m po3poOKH (PyHKITIOHATTY TOJI0COBOTO iHTEphEHCY MOKHA YMOBHO
PO3IIIUTH HA I’ SATh CTaITiB.

Ha mepmomy eram ckitagaeThCcsl MOBHUM CIMCOK (DYHKIIHM, 10 OymyTh
BHKOHYBAaTHCh, Ta BH3HAYAETHCSA OfHA ab0 JeKiabkKa KOMaHI, SIKUM Oy/e
BIIMOB1AaTH 3aJIaHUN (PYHKITIOHA.

Ha gpyromy erami MmiIKIIOYAeThCS  BUILE  ONKMCaHa  MOJENb
posmi3HaBaHHS MOBHU. Jlesiki pkepena peKOMEHIYIOTh BHKOPHCTOBYBATH
BXKe icHyroul 010mioreku, Taki Ak Google AI Speech-to-Text, Amazon
Transcribe, 1Flytek Speech API, Sensory Cloud Speech-to-Text, VoiceBase
Speech-to-Text Toro.

Takox y 1IbOMY BHITaJIKy HEOOXITHO MPHUIUIUTH YBary OCOOJIHBOCTIM
0107110TEK, 11100 BOHM MaJll JIOCTAaTHIA pIBEHb TOYHOCTI y POOOTI 3 TUMHU
MOBaMH, SIK1 LIKaBJIATh pO3poOHUKa [2].
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Tak, HampwKiIaj, aHrIicbka MOBa 3aBXIW Ma€ BHCOKI ITOKa3HUKH,
OCKUIbKA € OAHIEl0 3 MOB  MDKHApOAHOTO  CHUIKYBAaHHSA  Ta
HAWBUKOPHCTOBYBAHIIIIOK CEPE]l PO3POOHHUKIB.

A OT CJIOB’STHCBKI MOBH, SIK-TO YKpaiHCbKa YW MOJbCbKA, MOXYTh MaTH
3HAYHI TPOTajiH{A, OCOOJMBO y TpaMaTUIYHOMY Ta IyHKTYalllHHOMY
nuTaHHsx. Hampuknan, momens Big Google He KOPEKTHO BHM3HAYa€ HABITh
KIHEI[b OJTHOT'0 PEYEHHS 1 MEPEeXiJl 0 1HIIOro I YKPaiHChbKOI MOBU Ta HE
Mae Takoi MpoOJieMU MTPHU TECTYBaHHI aHTJIIHCHKOI.

Tpertiii eran BUMarae J10laBaHHs AJITOPUTMIB MAILTMHHOTO HaBYAaHHS JJIs1
CHIBCTaBJICHHS (PYHKIIIOHAIY 3 KOMaHJaMu KopucTyBauda. Ha npomy erami
BUKOPHUCTOBYIOTBCSI MOJIENI KJIacH(ikallli Ta HEHpOMEpexi.

Hanpuknan, HaiBHUI OalieCiBCbKMI Kilacu(piKaTOp MPOCTUH y peasti3aii
Ta e(pEeKTUBHUM, aje YyTIUBUU OO0 IIyMy; METOI OINOPHUX BEKTOPIB
epeKTUBHMM Uil  PO3MOJUIEHHsS, ajie  4YymIMBMM 10  BHOOpY
rineprnapaMeTpiB; HeWpoMepexi Mokazain cede SKICHUMU Tpu poOoTi 3
MOBOIO, aJI€ MOXKYTh OYTH PECYPCHO 3aTSKKUMU 17151 IEIKUX MPUCTPOIB [3].

UYerBepTuii Ta ’ATUI €TAIM CKIAJAIOTHCA 3 peani3allli BAKOHAHHS /i1 3a
KOMAaH/IO0 Ta TECTYyBaHHS i MOKpAILEHHS! OTPUMAHOI 0 KOy BiAMOBIIHO.

JUis  OTpUMaHHS Kpalloro pe3ylbTaTy pPEKOMEHO0BAHO 3pOOUTH
KOMaHIA MaKCHUMaJbHO JIAKOHIYHUMH, VyHHKATH JIaJeKTH3MIB  Ta
’KaproHi3MiB, TPOBOJAUTH HABUYAaHHS Ta TECTyBaHHSI 3 BUKOPUCTAHHAM
PI3HUX TOJIOCIB Ta aKIICHTIB.

BucnoBku. Ilpomec  opranizamii  rojocoBoro  iHTepdeiicy y
iH(doOpMaIliiiHIN cHUCTEM1 € CKJIaJAHOI0 Ta 0araTomapoBOl0 PoOOTO, IO
norpedye BpaxyBaHHS 3HAYHOI KUJIBKOCTI JieTaJIeH.

B mepmy wepry BuUMaraeTrbcs diTKa IIOCTaHOBKAa 3ajadi Ta TMiaoip
ONTUMAJIbHUX 1HCTPYMEHTIB NJisi BHUKOHaHHsA 3aBliaHHsA. (Cxema, ommvcaHa
BHIE, € (DYHIAMEHTOM I MOOYMOBHM TaKOro iHTepdeicy y Oyab-sKii
1H(hOopMaIliitHIl cucTeMi.
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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.
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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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