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Pedepar/anoTamis:

1. Incepranifina po60Ta IPUCBSIY€HA BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIUHOI 3aja4i CTBOPEHHS 3aMKHEHOI
CHCTEMU aBTOMAaTUYHOI'O KePyBaHHS IIPOMUCJIOBUM 06JIalHAaHHSIM Ha 6a3i 3ByKOoBOi edeKTOCKo1Iii, 110 3abe3neydye
aJanTyUBHY ONTUMI3allil0 peXXUMIB eKCITyaTallil B peajlbHOMY Yaci Ha OCHOBi 6e3[1epepBHOI0 aKyCTUYHOTO
MOHITOPUHTY TEXHIYHOI'O CTaHy. AKTyaJIbHICTb TEMU. PO3BUTOK Cy4aCHOI'O IIPOMUCJIOBOTO BUPOOHUIITBA
6e3rnocepenHbO 3a71€KUTD Bifj HAAINHOCTI Ta €PEKTUBHOCTI €KCITyaTallii TEXHOJIOTYHOTrO 061alHaAHHS.
HezansiaHoBaHi 3ynIMHKY BUPOOHUIITBA Yepe3 BiIMOBU €JIEKTPOJIBUTYHIB, HACOCHUX arperaTiB, KOMIIPECOpiB,
PELYKTOPIB Ta iHIIOro 061aJHAHHS [IPU3BOASTH [0 3HAUHUX €KOHOMIUHUX BTPAT, SIKi B OKPEMUX Tajy3siX MOXKYThb
IOCSITaTU MiJIbIIOHIB 'PUBEHB 33 TOAMHY NPOCTO0. TpaauuifHi NiIxonu A0 TEXHIYHOIO 06CIyrOBYBaHHS, 10
6a3yI0ThCs Ha IJIAHOBO-TIONEPEKYBAJIbHUX PEMOHTAX 3 (DiKCOBAHOIO NEPioANYHICTIO 260 Ha GAKTUIHOMY

00CJIyrOByBaHHi I1iCJIs1 BUHUKHEHHSI BiTIMOBH, € HEOIITUMAJIbHVUMU 3 EKOHOMIUHOI TOUKM 30py Ta He 3a6e311e4yioTh



MaKCHMMAaJIbHOI €(PeKTMBHOCTI BUKOPUCTAaHHS pecypcy obJ1afHaHHS. 3ByKOBa Ae(EKTOCKOIis Ma€ yHiKasbHi
repeBaru rnepeq ajbTePHATUBHUMU METOAAMU J[iarHOCTUKY, 30KpeMa OE3KOHTAKTHICTh peecTparlii CUrHasiis,
HU3bKY BapTiCTb MiKpO(OHHOr0 06s1aiHaHHS1, MOXKJIMBICTb OJHOUACHOI'O MOHITOPUHI'Y MHOKMHHUX 00'€KTiB Ta
BUSIBJIEHHSI IIMPOKOTO CIEKTPY MEXaHIYHUX AEe(EKTIB BKIIOUA0YM NPO6IeMU MiJIINITHYKIB, AUCOaTaHC 00€PTOBUX
€JIEMEHTIB, ie(eKTH 3y6uacTuX repenayd Ta opyLeHHs: yMOB 3MallyBaHHs. OJjHaK MOTEHIial 3ByKOBO]
IePeKTOCKOIIi 3aMIIaeThCs Hepeasi3oBaHuM Yepe3 PyHIaMeHTalbHe OOMEXKEeHHS iICHYI0UUX CUCTEM — iX
[IaCUBHUI XapakTep, KOJIM CUCTeMa Jiuile iHpopMye orepaTtopa Npo BUsIBJIEHI aHOMaJIii 6€3 aBTOMaTUYHOIO BILJIUBY
Ha pe>XXUM poboTu obnanHanHs. TpanuuiiiHi nigxonu nepenoadaroTsb po3finbHe QyHKIIOHYBaHHS AiarHOCTUYHUAX
CHCTEM Ta CUCTEM KEPYBAaHH4, 1[0 YHEMOXKJIUBIIIOE ONIEPATUBHY PEAKIil0 HA 3MiHYy TEXHIYHOTO CTaHy Ta IPU3BOIUTD
[0 eKCILTyaTalii 061aHaHHS B HEONITUMAJIBHUX pekKuMax. PillleHHs PO 3MiHY pesKuMy poOOTU NPUIMAETHCS
OIIEPATOPOM Ha OCHOBI PEKOMEHJAL CUCTEMH, 110 CTBOPIOE 3aTPUMKY MK 3MiHOIO PEKMMY i peakliiio oneparopa,
10 He I03BOJIsiE€ peasli3yBaTy ONTUMAajIbHe 6allaHCyBaHHS MK IPOJYKTUBHICTIO Ta 30€PEXXEHHSIM pEeCypCy B
peasibHOMY 4Yaci. Bintak iHTerpatis akyCcTU4YHOI JjiarTHOCTHKY 6e3110CepeHbO B KOHTYP aBTOMaTUYHOT'O KEPYBaHHS B
SKOCTi CUCTEMU BU3HAYEHHSI CTaHy 00JIalHAaHHS € aKTyaJIbHOIO HAaYKOBO-TEXHIYHOIO 33]1a4€l0, BUPIIIEHHS SKO]
JIO3BOJIUTb CTBOPUTH iHTEJIEKTYaJIbHi CUCTEMHU, 31aTHI aBTOMATUYHO aIANTyBaTA PEXXMUMM €KCIUIyaTallii BilloBigHO
IIO TIOTOYHOT'0 TEXHIYHOTO CTaHy obs1afHaHHs. MeTa i 3aBgaHHs AOCIiIpKeHHs. MeTOI0 LOCIiIpKeHHS € TiIBULIeHHS
BilMOBOCTI!IKOCTi €JIEKTPOMEXAHIYHNX CUCTEM LIJISIXOM CTBOPEHHS 3aMKHEHOI CUCTEMU aBTOMATUYHOTO
KEPYBaHH4, sIKa BUKOPUCTOBYE Pe3yJIbTaT aKyCTUYHOI IIarHOCTUKMU 7151 aAallTUBHOI ONTUMI3allii KEpyBaHHS, B
YMOBax 3MiHU €KCIUTyaTaliliHOro cTaHy. [jisl JOCSATHEHHS I0CTaBIEHOi METH B POOOTI BUPILlyBalnCh TaKi 3aBaHHSI:
IIPOBEJIEHHS aHali3y METO/IiB 3ByKOBOI 1e(eKTOCKOIIii TPOMUCIIOBOrO 00JIafHAHHS Ta JOCiIKeHHs (Pi3uYHUX
M€eXaHi3MiB reHepallii akyCTUYHUX CUTHAJIB Pi3HUMU TUIIaMU Ae(EKTiB; po3pobKa Ta NOCIiIKEHHS] METOIIB
00pOOKM aKyCTUYHUX CUTHAJIB 7151 BUAJIEHHS NiarHOCTUYHO BAKJIMBOI iHpopMalii 3 3al1yMJI€HUX 3alIUCIB B
yMOBaXx IIPOMUCJIOBOTO CE€PEIOBHUIIA; PO3POOKa MeTOiB Kilacudikallii TeXHIYHOTO CTaHy 06JialHaHHS Ha OCHOBI
aKyCTUYHUX CUTHAJIIB 3 BUKOPUCTAHHSIM aJITOPUTMIB MAIIMHHOTO HaBYaHHS; CUHTE3 CUCTEMU aBTOMAaTUYHOTO
KEPyBaHHS [TPOMUCJIOBUM O0JIaJHAHHSIM, SIKA IHTETPy€e Pe3ysIbTaTh aKyCTUYHOI TiarHOCTUKU JJ151 afalITUBHO]
onTHMi3alii pexXuMiB eKcITyaralii; po3pooka aJropUuTMiB €eKCTPEMAIbHOTO KEPYBaHHSI [71s1 IOIIYKY Ta MiATPUMKU
ONTUMAJIbHUX PEXUMIB poOOTH 06JIalHAHHS B yMOBaX anpiopHoi HeBU3Ha4eHOCTi. O6'€KTOM [OCIiI)KEeHHS €
IIpOLIEC aBTOMATUYHOIO K€PyBaHHS IPOMUCJIOBUMU 00’€KTaMU 3 BUKOPUCTAHHSM 3BYKOBOI 1ialrHOCTUKM SIK
KEPYIOUMM CUTHAJIOM B IIPOLIECi HENEPEPBHOI eKcILTyartauii. [[peIMeToM NOCIiIKeHHs € aJallTUBHI CUCTEMHU
aBTOMAaTHUYHOrO KePyBaHHS, 110 BUKOPHUCTOBYIOTh TEOPil0 O6POOGKY CUTHAJIIB Ta MiTXOAN MALIMHHOTO HAaBYaHHS [IJIs1
ajanranuii pexxuMy poboTu Ha 6a3i 3ByKoBoi JeekTockorlii. MeToau nociinkeHHs. Y poO60Ti BAKOPUCTAaHO METOIU
1P PoBOi 0OPOOKM CUTHAIIB 714 (PibTpallii aKyCTUYHUX CUTHAJIB, BUOKPEMJIEHHSI OCOOJIMBOCTEN CUTHAITY, aHAi3y
iX CrleKTpasibHUX XapaKTepUCTHK. Lli MeTomu BKIIIOYalOTh B cebe YaCTOTHI IIepeTBOPEHHS, TaKi K, AUCKPETHE
nepetrsopeHHs Oyp'e Ta BikoHHe niepeTBopeHHs Pyp'e, OTpUMaHHS Pi3HOrO POy YaCOBUX O3HAK Ta €HEPreTUYHUX.
3acToCOBaHO METOM MAaIMHHOTO HaBYaHHS 11 Kiacu@ikalii TeXxHiYHOro cTaHy 06J1afiHaHHS, 30KpeMa aJIrOPUTMU
Random Forest, Support Vector Machines. Bukopucrano MeTonu ITYYHOI reHepalii 03HaK 1J1s1 CTBOPEHHS HOBUX,
VHIKaJIbHUX XapaKTePUCTUK aKyCTUYHOI'O CUTHANy Yepe3 KOMOiHyBaHHS Ta TpaHCOPMYBaHHS 6a30BUX O3HAK.

3aCcTOCOBaHO METOoIu TeOpﬁ dBTOMATN4YHOTI'O KEPYBAHHSA [JI1 CUHTE3Y CUCTEM OIITUMAJIbHOI'O KEPYBAHHS, €KCT

2. The dissertation is devoted to solving the current scientific and technical problem of creating a closed-loop
automatic control system for industrial equipment based on acoustic flaw detection, providing adaptive real-time
optimization of operating modes through continuous acoustic monitoring of technical condition. Relevance of the
topic. The development of modern industrial production directly depends on the reliability and operational
efficiency of technological equipment. Unplanned production shutdowns caused by failures of electric motors,
pump units, compressors, gearboxes, and other equipment lead to significant economic losses, which in certain
industries can reach millions of hryvnias per hour of downtime. Traditional maintenance approaches based on
scheduled preventive repairs with fixed periodicity, or on actual servicing following a failure, are economically
suboptimal and do not ensure maximum utilization of equipment service life. Acoustic flaw detection possesses
unique advantages over alternative diagnostic methods, including non-contact signal acquisition, low cost of



microphone equipment, the ability to simultaneously monitor multiple objects, and detection of a wide spectrum
of mechanical defects including bearing problems, imbalance of rotating elements, gear transmission defects, and
lubrication condition violations. However, the potential of acoustic flaw detection remains unrealized due to a
fundamental limitation of existing systems — their passive nature, wherein the system merely informs the operator
of detected anomalies without automatically influencing the equipment's operating mode. Traditional approaches
involve separate functioning of diagnostic systems and control systems, which makes it impossible to respond
promptly to changes in technical condition and leads to equipment operation in suboptimal modes. Decisions
regarding mode adjustment are made by an operator based on system recommendations, creating a delay between
the change in operating mode and the operator's response, which prevents optimal real-time balancing between
productivity and resource preservation. Therefore, the integration of acoustic diagnostics directly into the
automatic control loop as a system for determining equipment condition is a pressing scientific and technical
challenge, the resolution of which will enable the creation of intelligent systems capable of automatically adapting
operating modes in accordance with the current technical condition of the equipment. Research objectives. The
aim of the research is to improve the fault tolerance of electromechanical systems through the creation of a
closed-loop automatic control system that uses the results of acoustic diagnostics for adaptive optimization of
control under conditions of changing operational state. To achieve this goal, the following tasks were addressed:
analysis of acoustic flaw detection methods for industrial equipment and investigation of the physical mechanisms
of acoustic signal generation by different types of defects; development and investigation of acoustic signal
processing methods for extracting diagnostically relevant information from noisy recordings in industrial
environments; development of methods for classifying equipment technical condition based on acoustic signals
using machine learning algorithms; synthesis of an automatic control system for industrial equipment that
integrates acoustic diagnostic results for adaptive optimization of operating modes; development of extremal
control algorithms for searching and maintaining optimal equipment operating modes under conditions of a priori
uncertainty. Object of research is the process of automatic control of industrial objects using acoustic diagnostics
as a control signal during continuous operation. Subject of research is adaptive automatic control systems that
employ signal processing theory and machine learning approaches to adapt operating modes on the basis of
acoustic flaw detection. Research methods. The work employs digital signal processing methods for filtering
acoustic signals, extracting signal features, and analyzing their spectral characteristics. These methods include
frequency-domain transforms such as the Discrete Fourier Transform and Short-Time Fourier Transform, as well
as extraction of various temporal and energy-based features. Machine learning methods were applied for
classifying the technical condition of equipment, specifically the Random Forest and Support Vector Machines
algorithms. Feature engineering methods were used to create new, unique characteristics of acoustic signals
through combination and transformation of basic features. Methods of automatic control theory were applied for
the synthesis of opt
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VIII. 3aki04Hi BimoMocTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBi KopHnienko Bormau SIpociaBosuy

TOJIOBH pajgu



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi

OisSIIBHOCTI

Kopnienko borpaH fIpocnaBoBuy

Casysnia AHZpill AHTOHOBUY

Opuenko TersiHa AHaToJIiBHA

IOpuenko TeTsHa AHaTOJiiBHA



