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Pedepar:

1. O6'eKT moCIiIpKEHHs — [IPOLeCH MiJBUIleHHs 6€3NeKU eKCIIyaTalii 6alTOBUX KpaHiB 3 BUKOPHUCTaHHIM
iHTEJIEKTyaJIbHMX CUCTEM MOHITOPUHTIY, IIPOTHO3YBaHHS Ta CUTHasIi3alii. MeTO0 TOCIIiIKEHHS € MMiABUILIEHHS
6e3neKy excIlyaTallii 6alToOBOro KpaHy MIJISIXOM 3aCTOCYBaHHS IITYYHOTO iHTE/IEKTY B CUCTEMAaX KepyBaHHS [1J14
[IPOAKTUBHOTO 3aM00iraHHs aBapilHUM CUTYyaLlisIM, 3yMOBJIEHUM KOHCTPYKTUBHUMU JedeKTamu, IO CbKUM
(aKTOpOM Ta BIVIMBOM 30BHIlIHIX YMHHUKIB. [I7151 BUPilllEeHHS HayKOBO-MIPAaKTUYHUX 33]1a4, [IOCTABJIEHUX B

IVCePTaLiiiHOMY IOCKEeHHi, 6yJI0 32CTOCOBAaHO KOMIJIEKCHUI MiJIXijl, 110 TIO€IHY€E METOIM CUCTEMHOTO aHai3y,



TeOopii ITYYHOTO IHTEJIEKTY Ta €KCIIEPMMEHTAJILHOI ITepeBipKU. [Ipy CTBOPEHHI MifCUCTEMNU NTPEIUKTUBHO]
IiarHOCTHKY 3aCTOCOBAaHO MeTOIM 111 POBOI 0OpOOKY CUTHAJIB [J1s aHAJI3y AaHUX 3 AATYMKIB, a AJ1s kiacudikanii
TEXHIYHOTO CTaHy Ta BUsBJIEHHS AedEKTiB Ha paHHIX CTaflisIx — HepOMepeXKeBi MoZieJi, 30KpeMma baraTouaposi
nepcenTpoHu. Jijisl BUpilleHHs 3a4a4i NPOrHO3yBaHHS He6e3I€YHUX BITPOBUX HABAHTAXKEHD 0YJI0 BUKOPUCTAHO
MEeTO/M IJIMOOKOro HaBYaHHS, a caMe aIallITUBHI peKYPEeHTHI HEIIPOHHI Mepexi, 110 3[1aTHI aHasli3yBaTU 4acoBi psau
METEOpOJIOTiYHUX JaHuX. [Ij1s po3po6Ky mifcucTeMu posili3HaBaHHS CUX0Qi3iosoriyHOro cTaHy oneparopa
BHMKOPHCTAHO METOAM KOMII'IOTEPHOTO 30pY, 30KpeMa aJIrOPUTMU JAETEKTYBaHHS 00'eKTiB (Kackanu ['aapa) Ta
3TOPTKOBI HEMPOHHI Mepexi 17151 Kinacuikalii cTaHy BTOMU Ta COHJIMBOCTI. Y IUCEPTaLilHii pobOTi OTpUMaHO
HOBE pillleHHsI HAyKOBO-TeXHiYHOI 3a/1a4i 10 MifBUIIEHHIO eKCITyaTallifHoi 6e3leKy Ta HalilHOCTi 6aIITOBUX
KpaHiB IIJISIXOM CTBOPEHHS Ta iHTerpalii inTeseKkTyasbHUX MifICUCTEM NIPEeIUKTUBHOTO 0OCIyrOBYBaHHS,
PO3Ii3HaBaHHS COHJIMBOCTI Ta BTPATU yBaru oleparopa B PeXMMi PeasbHOro 4acy, IPOTHO3YBaHHS BiTPOBUX
HaBaHTaXX€Hb 3 YPaxXyBaHHSM JIOKaJbHUX METEOPOJIOTIYHMX YMOB Ta TUHAMIYHUX XapaKTEPUCTUK KpaHa.
HaykoBumu pesysibTaTamu JrUcepTalliiiHoi po60oTH € BIeplle OTPUMaHi 3aKOHOMIPHOCTI 3MiHM JiaTHOCTUYHUX
IlapaMeTpiB TEXHIYHOTIO CTaHY MEXaHi3My IIOBOPOTY 6AIITOBOrO KPaHy, sIKi JO3BOJIWIA PO3POOUTH MiiCUCTEMY
MIPeIUKTUBHOIO OOCIYTOBYBaHHS 3 BUKOPUCTAHHSIM TEXHOJIOTII IITMO0KOro HaBYaHHS HEMPOHHOI Mepexi.
YIocKoHaseHa MaTeMaTU4Ha MOJeJib MiJICCTEMU MOHITOPUHTY 11cux0Qi3ioJIoriyHOro cTaHy oreparopa 6amToBOro
KpaHy Ha OCHOBi METO[IiB MAIIMHHOI'O 30pPYy Ta MaTeMaTU4Ha MOJeJIb IPOrHO3YBaHHS He6e3NeYHUX BiTPOBUX
HABaHTaX€Hb HA OCHOBI IJIMOOKOr0 HaBYaHHS HEMPOHHOI Mepexxi. HabyB nopanbmoro po3BUTKY METOJ, MiJIBULLEHHS
Oe3neKy eKcIIyaTalii 6alToBMX KPaHiB B YaCTHHI YIOCKOHAJIEHHS! CUCTEMU KEPYBAHHS, sIKa BPAXOBY€ TEXHIYHUI
CTaH KpaHy, 11cuxo@iziosIoriyHOro cTaHy oneparopa Ta 30BHillHi (aKTOpHy i BUKOPUCTOBY€E TEXHOJIOTI ITYyYHOTO
inTenekry. [IpakTUYHe 3HaYEHHS OfepP>KaHUX PEe3yJIbTAaTiB I10JISIra€e y po3poolli apXiTeKTypu Ta aJIrOPUTMIB CUCTEMU
6e3neku. byso cTBOpeHO Tpu (PYHKIIOHANIbHI IpOrpaMHO-anapaTHi MOy 1J1s pOo3Mi3HaBaHHS COHJIMBOCTI,
MIPOTHO3YBaHHS BiTPY Ta NPEIUKTUBHOI AiaTHOCTUKHY, SIKi MOXKYTb IMIIJIEMEHTYBATHUCS SIK OKPEMO, TaK i B CKJIaTi

€IMHOI CUCTEMMU.

2. The object of the research is the processes of improving the operational safety of tower cranes using intelligent
systems for monitoring, forecasting, and signaling. The aim of the research is to increase the operational safety of
tower cranes by applying artificial intelligence in control systems for the proactive prevention of emergency
situations caused by structural defects, the human factor, and the influence of external factors. To solve the
scientific and practical tasks set in the dissertation research, a comprehensive approach was applied, combining
methods of systems analysis, artificial intelligence theory, and experimental verification. In creating the predictive
diagnostics subsystem, methods of digital signal processing were used to analyze data from sensors, and for
classifying the technical condition and detecting defects at early stages, neural network models, particularly
multilayer perceptrons, were used. To solve the problem of forecasting dangerous wind loads, deep learning
methods were used, namely adaptive recurrent neural networks capable of analyzing time series of meteorological
data. To develop the subsystem for recognizing the operator's psychophysiological state, computer vision methods
were used, including object detection algorithms (Haar cascades) and convolutional neural networks for classifying
states of fatigue and drowsiness. The dissertation presents a new solution to the scientific and technical problem
of increasing the operational safety and reliability of tower cranes by creating and integrating intelligent
subsystems for predictive maintenance, real-time recognition of operator drowsiness and loss of attention, and
forecasting wind loads, taking into account local meteorological conditions and the dynamic characteristics of the
crane. The scientific results of the dissertation include the first-ever determination of the patterns of change in
the diagnostic parameters of the tower crane's slewing mechanism, which allowed for the development of a
predictive maintenance subsystem using deep learning neural network technology. An improved mathematical
model for monitoring the operator's psychophysiological state based on computer vision methods and a
mathematical model for forecasting dangerous wind loads based on a deep learning neural network were
developed. The method for improving the operational safety of tower cranes was further advanced by enhancing
the control system, which considers the crane's technical condition, the operator's psychophysiological state, and
external factors, and utilizes artificial intelligence technologies. The practical significance of the obtained results



lies in the development of the architecture and algorithms for the safety system. Three functional software-
hardware modules were created for drowsiness recognition, wind forecasting, and predictive diagnostics, which
can be implemented either separately or as part of an integrated system.
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