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1. O6'eKT mOCHiIKEHHs — [IPOLeCH MiABUIIeHHS 6e3MeKy eKCITyaTalii 6aToBUX KpaHiB 3 BUKOPHUCTAHHIM
iHTeJIEKTyaJIbHUX CUCTEM MOHITOPUHTY, TPOTHO3YBaHHS Ta CUrHasi3alii. MeTOwo NOCiI)KEeHHS € MiBUIIEHHS
6e3MeKu eKCIlTyaTallii 6allITOBOrO KpaHy IIJISIXOM 3aCTOCYBaHHS IITYYHOTO iHTEJIEKTY B CUCTEMaX KePYBaHHSI [1JIsl
MIPOAKTUBHOTO 3a100iraHHs aBapiiHUM CUTYallisSIM, 3yMOBJIEHUM KOHCTPYKTUBHUMMU I€(PEKTAMU, JIIOICHbKAM
(aKTOpOM Ta BIVIMBOM 30BHIIIHIX YMHHUKIB. [[7151 BUPiLI€HHS HayKOBO-TIPAKTUYHUX 3314, [IOCTABJIEHUX B
IycepTalifHOMY JOCIiIKeHHI, 6yJI0 3aCTOCOBAaHO KOMIIJIEKCHUH MifXif, 10 O€JHYE METOIY CUCTEMHOTO aHali3y,
TeOopii ITYYHOT'O IHTEJIEKTY Ta €KCIIEPMMEHTAJILHOI ITepEBIPKU. [Ipy CTBOPEHHI MiACUCTEMNU MTPEIUKTUBHO]
IiarHOCTHKY 3aCTOCOBAHO MeTOIy M POBOi 06pOOKY CUTHAJIB 17151 aHAJI3y AAaHUX 3 AATYMKIB, a AJ1s kinacudikanii

TEXHIYHOTO CTaHy Ta BUsBJIEHHS AedeKTiB Ha paHHIX CTafisIx — HellpoMepeskeBi MozieJi, 30KpeMa 6araTouaposi



IepCenTPOHU. [y BUpillleHHs 3aa4i IPOrHO3yBaHHS He6e3M1eYHUX BiTPOBUX HAaBAaHTAKEHb 0YJI0 BUKOPUCTAHO
MEeTOY IJIMOOKOro HaBYaHHS, a caMe aJjalTHBHI peKypeHTHI HeMPOHHI Mepexi, 110 3[aTHi aHaJIi3yBaTy 4acoBi psiau
METEOPOJIOTIYHUX JaHUX. [ly1g pO3poOKHU MificucTeMU po3Ii3HaBaHHS [1cUX0(Qi3i0JI0oriyHOro CTaHy oneparopa
BMKOPHCTAHO METOAM KOMII'IOTEPHOTO 30pY, 30KpeMa aJITOPUTMU AETEKTYBaHHS 00'eKTiB (Kackanu ['aapa) Ta
3rOpPTKOBI HEMPOHHI MepeXi Ais Kaacudikallii cTaHy BTOMM Ta COHJIMBOCTI. Y AucepTaliiiHiil po60Ti OTpUMaHO
HOBE pillleHHs] HAyKOBO-TEXHIYHOi 3a71a4i 10 i BUIIEHHIO eKCIIJTyaTallilfHOI 6e31eKy Ta HaJlifHOCTi 6allITOBUX
KpaHiB IIJIIXOM CTBOPEHHS Ta iHTerpalii iHTeseKTyasbHUX MiICUCTEM NIPEIUKTUBHOTO 0OCIyrOBYBaHHS,
PO3Ii3HaBaHHS COHJIMBOCTI Ta BTPATU yBaru Olleparopa B PEKMMi PeasibHOro 4acy, IPOTHO3YBaHHS BiTPOBUX
HaBaHTaXX€Hb 3 YPaxXyBaHHSM JIOKaJIbHUX METEOPOJIOTIYHMX YMOB Ta TUHAMIYHUX XapaKTEPUCTUK KpaHa.
HaykoBumu pesyabTaTamu JUCEPTalliiiHOi po6OTH € BIepllie OTPUMaHi 3aKOHOMIPHOCTI 3MiHU J[iaTHOCTUYHUX
IapaMeTpiB TEXHIYHOTO CTaHY MEXaHi3My IIOBOPOTY 6AIITOBOrO KPaHY, SIKi JO3BOJIMINA PO3POOUTH MiICUCTEMY
IIPEeIUKTUBHOTO 06CIYrOBYBAaHHS 3 BUKOPUCTAHHSIM TEXHOJIOTI] IIIMO0KOro HaBYaHHS HEMPOHHOI MEepexi.
YIocKkoHasleHa MaTeMaTU4yHa MOJeJib MiICUCTEMU MOHITOPUHTY 11cux0(Qi3i0JI0TiYHOro CTaHy oreparopa 6aliToBOro
KpaHy Ha OCHOBi METO/IiB MAIIMHHOI'O 30pPy Ta MaTeMaTU4Ha MOJEJIb IPOrHO3YBaHHS HE6E3NI€YHUX BiTPOBUX
HaBaHTAKE€Hb HA OCHOBI ITIMO0KOTr0 HaBYaHHS HEMPOHHOI Mepexi. HabyB nofanbmoro po3BUTKY METO]], i BUIE€HHS
Oe3rexu eKcIlTyaTtallii 6alITOBUX KPaHiB B YaCTUHI yIOCKOHAJIEHHS] CUCTEMU KePYBaHHS, SIKa BPAaXOBY€ TEXHIYHUI
CTaH KpaHy, 11cuxo@iziosIoriyHoro CTaHy oleparopa Ta 30BHillHi (aKTOpHU i BUKOPUCTOBY€E TEXHOJIOTI IITYyYHOTO
iHTenekry. [IpakTU4YHe 3HaYEHHS OfepP>KaHUX PE3yJIbTATIB I10JIIra€e y po3pooli apXiTeKTypH Ta aJITOPUTMIB CUCTEMU
6esneku. Bys0 cTBOpeHO Tpu QPYHKLIOHAIBHI TPOrpaMHO-anapaTHi MOAYJIi [171s1 PO3Mi3HABaHHS COHJIUBOCTI,
IIPOTHO3YBaHH4 BiTPY Ta NPEIUKTUBHOI AiaTHOCTUKHY, SIKi MOXKYTb IMIIJIEMEHTYBATHUCS SIK OKPEMO, TaK i B CKJIafi

€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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