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Abstract. The article is devoted to improving automation systems for vibroacoustic monitoring of the stability and
safety of structures. The aim of the study is to develop and experimentally validate digital models of wave processes for
data processing tasks in vibroacoustic monitoring used in the practical assessment of the state and safety of engineering
structures. Methods: analysis of experimental data; software-based construction of digital models; laboratory experi-
ments; and modeling of transverse wave propagation. The analysis demonstrated the relevance of conducting laboratory
studies of wave processes to verify theoretical models and to identify characteristic features and hidden patterns in the
dynamics of wave propagation in various media. A functional scheme of a laboratory plant for generating vibroacoustic
oscillations was developed and tested at the authorized training center of the French electromechanical corporation
Schneider Electric at Dnipro University of Technology. Algorithms and software were created for modeling the propaga-
tion of excitation and reflected transverse waves. Monochromatic harmonic oscillations were generated with subsequent
frequency increase, and pulse excitation and switching waves were simulated. Experimental results showed that when
interacting with an absorbing boundary, the amplitude of the transverse wave decreases while the waveform and main
characteristics of the wave process remain stable during further propagation. A significant pattern for vibroacoustics was
observed: wave propagation has a deterministic nature with superimposed stochastic components caused by complex
reflection conditions. A new approach to vibroacoustic data analysis was developed, involving the construction of digital
vibration excitation models to create digital twins of real wave processes through frame-by-frame temporal visualization
and color mapping of time intervals. This enables comprehensive analysis of oscillations and wave propagation process-
es in complex structures. The results obtained can be used for practical interpretation of vibroacoustic signals and for
monitoring the safety of engineering structures.

Keywords: safety of structure operation, automation of vibroacoustic control, wave process models, data pro-
cessing, digital filters.

1. Introduction

Non-destructive vibroacoustic testing is one of the most promising methods for
ensuring the safe operation and structural stability of buildings and constructions [1,
2]. This method is based on recording and analyzing the resonant responses of struc-
tures to impact chaotic excitations. The high sensitivity of the vibroacoustic method
to internal defects and cracks makes it effective for inspecting buildings, under-
ground, and buried structures. However, vibroacoustic testing always involves re-
cording of large volumes of data that contain not only useful information about the
structure state but also noise of various origins. Manual processing of such data in-
creases labor intensity, reduces the response speed to changes in the structure state
(which are often critical), and makes the results largely dependent on the researcher’s
subjectivity [3, 4].

Automated vibroacoustic monitoring addresses two major challenges: regulating
the amplitude and other parameters of impact excitations, and converting heterogene-
ous measurement data into results suitable for analysis. Solving the first challenge
requires developing software models and algorithms for generating an electrical con-
trol signal that excites mechanical vibroimpact oscillations. Several issues remain un-
resolved, including limitations in the impact mechanism's drive power, which hinder
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deep-level monitoring, and system inertia, which leads to insufficient acceleration
and deceleration of the vibroimpact device.

The second challenge involves the automatic detection of anomalies and resonant
modes in the received signal [5]. This calls for the development of universal signal
processing methods and algorithms capable of effectively interpreting resonant char-
acteristics under noisy conditions and within complex geometries of the surveyed ob-
jects.

Overcoming these scientific challenges is a prerequisite for transitioning from
semi-manual systems to fully automated next-generation vibroacoustic systems. Such
systems will significantly improve diagnostic accuracy, broaden the applicability of
the method, and ensure timely detection of hazardous defects during the operation
and safety monitoring of underground workings, deep structures, and technical sys-
tems.

Vibroacoustic data processing is most often based on theoretical principles of
shear wave propagation in various media, their reflection from crack boundaries, and
their absorption [6, 7]. However, laboratory studies of wave processes play a crucial
role in accurately interpreting theoretical models. Such experiments allow verification
and refinement of process mechanisms and help identify characteristic features and
hidden patterns in the dynamics of wave propagation in different media

The aim of the study is to develop and experimentally validate digital models of
wave processes for data processing tasks in vibroacoustic monitoring used in the
practical assessment of the state and safety of engineering structures.

2. Methods

Laboratory experiments, software-based methods for constructing digital models
of vibration excitation, and techniques for simulating the propagation of shear waves
were used in the study.

To conduct laboratory experiments on the propagation of excitation and reflected
shear waves, a functional scheme of the laboratory plant was developed (Fig. 1), a
test bench with the necessary equipment was assembled, and the required software
was created. It consists of a Schneider Electric programmable logic controller (PLC)
designed for controlling industrial equipment, automating machinery, and building
distributed control systems (Fig. 1, pos. 4). The controller is connected to the Schnei-
der Electric “Lexium LXMO5SAD10M2” servo drive and serves as the central control
unit, ensuring real-time system coordination (Fig. 1, pos. 12). It processes signals ac-
cording to a predefined program, generates control pulses and commands for the ser-
vo drive, and sets the required position, speed, or torque. Thanks to its high-speed
outputs and CANopen support, the controller provides precise motion synchroniza-
tion and ensures smooth and reliable drive operation. Within the study in the labora-
tory plant, it is used for developing algorithms to control vibroacoustic oscillations
and to adjust the positioning system.

The laboratory plant incorporates a BSHO701P0O1A2A electric motor (Fig. 1,
pos. 13), which is fitted with an encoder. The encoder is a sensor used to determine
the position, speed, and direction of the motor shaft's rotation (Fig. 1, pos. 14). The
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encoder enables precise motion reproduction with position, speed, and acceleration
feedback, allowing for the simulation and development of high-precision control sys-
tems. It is mounted on the motor shaft and provides feedback to the controller to
compensate for deviations and mechanical errors in the operation of the laboratory
plant. A Magelis XBTGT2120 touch panel (Fig. 1, pos. 9) serves as the operator in-
terface providing visualization of operating parameters, input of control commands,
and interactive configuration of the plant.

- 220V AC mains;

- 24 V DC power supply:

- Modbus industrial network;

- CAN open industrial network;;
- Converter output voltage:

- Encoder feedback signal.

]

1, 11 — power supplies; 2, 10 — circuit breakers; 3 — fuse; 4 — programmable logic controller (PLC);

5 — Modbus industrial bus splitter without optical isolator; 6 — Modbus industrial bus splitter with

optical isolator and separate power supply; 7, 8 — CANopen industrial network splitters; 9 — touch
panel; 12 — servo drive; 13 — electric motor; 14 — encoder

Figure 1 — Functional diagram of the laboratory plant

Algorithms for conducting experiments and analyzing data were developed, and
digital models were created to study wave processes. Modeling was performed on a
flexible element representing a mechanical system approximated by a chain of dis-
crete masses connected by flexible, massless links. This discrete approximation made
it possible to accurately reproduce the dynamics of the distributed system and to in-
vestigate the propagation of shear waves along the flexible element.
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Within the modeling framework, variations in wave shape and wavelength were
studied under different tension values, and the influence of joint backlash on the cha-
otic behavior of the oscillatory process was analyzed.

The upper end of the flexible element (the first link) was rigidly fixed to the rim
of a disk mounted directly on the motor shaft, which eliminated slippage. The bound-
ary conditions of the lower end (the last link) were varied between experimental se-
ries: free condition, fixed condition, and immersion in a viscous medium.

The oscillations were recorded using a video capture method, which allowed
tracking of the instantaneous positions of points along the flexible element. The re-
sulting video sequence was processed frame-by-frame: each frame was converted into
a separate layer; each layer number corresponds to a specific moment in time. For
further visual analysis and identification of waves resulting from different excitations,
each time layer was assigned a unique color tone.

The laboratory plant for generating vibroacoustic oscillations was tested at the au-
thorized training center of the French energy and engineering corporation Schneider
Electric (Dnipro University of Technology). During testing, the laboratory plant
demonstrated full operational capability and complete compliance with the declared
technical specifications.

3. Results and Discussion

The study focused on investigating the propagation of shear waves along a freely
suspended vertical flexible element, modeled as a system of interacting mass pairs. In
particular, monochromatic harmonic oscillations with sequentially increasing fre-
quency were generated. Pulse excitation waves and switching waves were also simu-
lated.

Visual analysis of the photo prints of the monochromatic oscillations (Fig. 2)
showed that the upper part of the flexible element model performed ordered oscilla-
tions, since its top end was rigidly fixed to the disk and the motor shaft. The motions
of the lower part of the flexible element exhibit chaotic oscillations, which are partic-
ularly pronounced at certain frequencies (the Sth, 7th, and 10th sinusoidal compo-
nents show the strongest chaotic behavior, Fig. 2). This is a manifestation of the edge
effect of the model, which introduces a slight nonlinearity into the system due to the
varying conditions of wave reflection at different positions along the lower part of the
flexible element. The initial wavelength, Ao, is determined by the oscillation frequen-
cy of the motor shaft (excitation frequency) and the propagation velocity of the trans-
verse wave along the flexible element of the model [8]:

Jy=—m. (1)

where A is the initial wavelength, m; v is the propagation velocity of the transverse
wave along the flexible element, m/s; f is the oscillation frequency of the motor
shaft, Hz.



126 ISSN 3083-6271 (Print), ISSN 3083-628X (Online) Geo-Technical Mechanics. 2025. No.175

1
h
| |
| \
|
f f
|
\
‘ | |
|
|
i 10
| |
|
\
| [IN,

N[>

4

n=13 n=14 n=15

n=11
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Figure 2 — Modeling the propagation of ordered and chaotic transverse waves during
monochromatic free oscillations of pairwise-interacting masses
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However, the wavelength of the transverse wave gradually decreases with increas-
ing distance from the excitation source due to changes in the conditions of wave
propagation (for the 5th, 10th, and 15th sinusoidal components, Fig. 2). Near the
source of oscillations, the amplitude and energy of the wave are higher, and the ten-
sion in the flexible element modeling the wave is more significant. As the distance
from the exciter increases, the tension in the flexible element gradually decreases, and
the external excitation weakens, leading to a reduction in the propagation velocity of
the oscillations. Since the wavelength is directly related to the propagation velocity at
a constant frequency, the decrease in velocity caused by damping results in a reduc-
tion of the wavelength. This relationship can be described by the following analytical

expression:
ﬂ,(r):% /%’ﬁ)e” m, (2)

where 7(r) 1s the tension of the element at a distance », N; u is the linear density of
the flexible element, kg/m; a is the damping coefficient, 1/m; e * is the exponential
decrease in amplitude and velocity due to losses associated with damping.

Since the actual tension of the flexible element contains a random component, the
function 7{(r), accounting for weight, backlash in the links, and inevitable chaotic ef-
fects, is represented as:

T(r)=T,=k(r)+c(r) N, 3)

where Tj is the deterministic component under the ideal tension of the flexible ele-
ment; k is the linear decrease in tension along the length of the flexible element,
k>0, N; &(r) is the random component with zero mean and variance o*(r).

The application of equation (2) with the factors considered in relation (3) has the
following limitations: the behavior of the element is described by linear elasticity;
transverse bending angles are small; the element is homogeneous in mass per unit
length; and there are no bad local defects that could lead to rupture.

Thus, the flexible element of the laboratory model can be regarded as a cellular
automaton, where each link (individual mass) acts as a cell interacting with neighbor-
ing links, with the interaction strength increasing with proximity and the tension of
the flexible element. Two fundamental properties of the cellular automaton are ob-
served: the new states of system elements depend solely on their immediate neigh-
borhood, and complex structures spontaneously emerge from simple initial condi-
tions. Energy inputs applied to an individual link primarily affect this link and its
nearest neighbors, creating a “spike” or zone of anomalous excitation.

The effect of wavelength reduction can also be observed in Fig. 3, which shows
undamped transverse waves interacting in pairs, with frame-by-frame time unfolding
under a constant, long-duration harmonic excitation. The wavelength 4,, measured
between two wave maxima within a specific frame at time ¢ corresponding to frame
number 7, is smaller than the wavelength 4;, which is measured between two maxima
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of opposite sign at the same moment in time in the same frame at a higher geometric
position with a displacement ~mx.

Current frame number
-1 012345678 9101112131415161718192021222324252627282930

a) Wave with frequency 3-f

Current frame number
-1 01 3456 8 9 1011121314151617 1819202122232425262728930

b) Wave with frequency 7-f

EENENENE  coo: designation of the moment of time; — direction of propagation of the
transverse wave (behind the first front); — direction of movement of masses (direction of
oscillations)

Figure 3 — Result of a laboratory experiment on the propagation of transverse waves interacting
pairwise in time under constant harmonic disturbance

A series of experiments similar to those shown in Fig. 3 demonstrates that the ra-
tio of wavelengths arising in the flexible element across different experiments is de-
termined by the ratio of harmonic numbers. To control the motor generating the wave
oscillations, a cyclic scanning of harmonics is organized. At each iteration of the cy-
cle, the corresponding amplitude and initial phase are selected. These parameters are
then used to compute the sinusoidal component of the harmonic.

Experiments were conducted on the propagation of a single wave generated by a
short excitation on the motor shaft, both without reflection from the lower boundary
and with reflection under the condition that the lower link of the flexible element
model is fixed (Fig. 4a, b), as well as on the propagation of the switching wave from
the first stable state to the second stable state with a displacement A (Fig. 4c).

Experiments showed that a single transverse wave, generated by a short-duration
disturbance such as a vibrational impact, possesses stable properties and propagates
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through the medium without distorting its shape. Unlike conventional waves that
gradually dissipate, this wave maintains its amplitude and structure. Its velocity is
directly related to its amplitude: the higher is the amplitude, the faster the wave prop-
agates.

Current frame number
-1 01 234567 8 91011121314151617181920212223242526272829 30

“ Back wave |
‘ F L Wave in the medium

]
Wave front

S QTTTEIY

a) Pulse wave (soliton)

Current frame number
-1 01 23 456 7 8 9101112131415161718192021222324252627282930

{

A
H

2
¢.

) : ; B i |

b) Pulse wave with reflection from the lower boundary

Current frame number
-1 01 23450678 9101112131415161718192021222324252627282930

excitation wave; — direction of propagation of the first reflected wave

Figure 4 — Result of a laboratory experiment on the propagation of solitary perturbation waves
interacting in pairs with a frame-by-frame time sweep
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If the medium is unbounded, the wave travels uniformly in one direction. When
reflected from a nearly ideal boundary with minimal energy absorption, the wave re-
turns in the opposite direction, retaining its stable shape and structure. Depending on
the boundary's properties, this reflection is accompanied by a phase change (inver-
sion) or occurs without alteration. Upon encountering an energy-absorbing boundary,
the wave's amplitude decreases; however, a pattern significant for vibroacoustics is
observed: the waveform and characteristics of the wave process remain stable during
further propagation.

In the experimental plant, to prevent rupture of the flexible element model, the
bottom mass (link) was elastically attached to the base. The presence of backlash in
the mounts led to partial chaotic behavior of the oscillations, which increased wave-
form distortion and caused wave splitting (Fig. 4, b). In real systems, additional non-
linear effects during wave propagation and reflection further reduce the stability and
integrity of the solitary wave.

The developed visualization method, which employs frame-by-frame temporal
unfolding and color mapping of time intervals, enables the analysis of oscillations
and wave propagation in various complex objects with distributed and point masses.
This opens prospects for its application in processing and interpreting vibroacoustic
data by creating digital twins of real processes, making it an effective tool for tech-
nical system diagnostics, structure state monitoring, and studying distributed oscilla-
tory processes in engineering practice.

The research results hold promise for application in the vibroacoustic monitoring
of structures and technical systems, leading to: improved accuracy of structure diag-
nostics; identification of local and distributed defects; enhanced interpretation of vi-
broacoustic signals for structure state monitoring.

4. Conclusions

1. A functional schematic of a laboratory plant was developed to create and exper-
imentally validate digital models of wave processes for vibroacoustic data processing
tasks. A test bench was assembled, comprising the necessary equipment and soft-
ware. A series of laboratory experiments was conducted to study the propagation of
excitation transverse waves and reflected waves. The experiments involved generat-
ing monochromatic harmonic oscillations with sequential frequency increases, as
well as simulating impulse excitation waves and switching waves.

2. The experiments established that upon interaction with an absorbing boundary,
the amplitude of the transverse wave decreases; however, the waveform and the fun-
damental characteristics of the wave process remain stable during subsequent propa-
gation. Under real conditions, the propagation of transverse waves exhibits both de-
terministic and stochastic nature due to complex reflection conditions. In a dispersive
medium, where damping is accompanied by a decrease in phase velocity, a corre-
sponding reduction in wavelength is observed. These findings can enhance the practi-
cal assessment of the engineering structure safety.

3. An enhanced approach to vibroacoustic analysis is proposed, based on creating
digital twins of wave processes. Its foundation comprises digital models of oscillation
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excitation and a visualization method that combines frame-by-frame temporal unfold-
ing with color mapping of time intervals. This enables qualitative and, upon further
refinement, quantitative analysis of wave propagation in complex objects with dis-
tributed and point masses. The developed methodology shows good potential for
practical application in diagnosing and monitoring the structure state and safety.

Conflict of interest
Authors state no conflict of interest.

REFERENCES

1. Choi, J., Lee, C., Lee, Sang-K. and Kim, H. (2025), “Active control of mid-frequency noise in a vibroacoustic cavity using an
inertial piezoelectric actuator”, Applied Acoustics, vol. 242, pp. 111062 https://doi.org/10.1016/j.apacoust.2025.111062

2. Slashchov, 1., Bielikov, A., Kulbach, A. and Slashchova, O. (2023), “Forecast of the mine workings destruction risks by the
radiometric control method’, IOP Conf. Ser.. Earth Environ. Sci., vol. 1156 , pp. 012033. https://doi.org/10.1088/1755-
1315/1156/1/012033

3. Yalanskyi, O., Slashchova, O., Byelikov, O., Slashchov, |., Barabanov, S. and Brizheniuk, V. (2025), “Automated vibroacous-
tic control and assessment of hazards occurrence risks during operation of buildings and structure”, IOP Conf. Ser.: Earth Environ.
Sci., vol. 1491, pp. 012050. https://doi.org/10.1088/1755-1315/1491/1/012050

4. Bielikov, A.S., Yalanskyi, O.A., Barabanov, S.S., Slashchova, O.A. and lkonnikov, M.Yu. (2024) “Development of models
complex oscillations for automation systems of vibroacoustic operational safety control of buildings and structures”, Ukrainian Jour-
nal of Civil Engineering and Architecture, no. 3 (021), pp. 7-18. https://doi.org/10.30838/J.BPSACEA.2312.040624.7.1055

5. Cool, V., Sigmund, O. and Aage, N. (2025), “Metamaterial design with vibroacoustic bandgaps through topology optimiza-
tion”, Computer Methods in Applied Mechanics and Engineering, vol. 436, pp. 117744, https://doi.org/10.1016/j.cma.2025.117744

6. Gajroiya, K. and Sikka, J.S. (2025), “Dynamics of Love-type wave propagation in composite transversely isotropic porous
structures”, Applied Mathematical Modelling, vol. 137. Part B, pp. 115723. https://doi.org/10.1016/j.apm.2024.115723

7. Gao, M., Tang, Z., Chen, Q. and Gao, G. (2025), “Isolation effect of periodic wave impeding block in layered transversely
isotropic soil”, Soil Dynamics and Earthquake Engineering, vol. 198, pp. 109619, https://doi.org/10.1016/}.s0ildyn.2025.109619

8. Sharma, P.K. (2025), Problems and Solutions in Waves, Heat and Thermodynamics, I0P Publishing, ISBN 978-0-7503-
6478-2. https:/doi.org/10.1088/978-0-7503-6478-2

About the authors

Yalanskyy Oleksii, Candidate of Technical Sciences (Ph.D), Associate Professor at the Department of Electric Drives, Dnipro
University of Technology, Dnipro, Ukraine, yalanskiy.o.a@gmail.com ORCID 0000-0002-8761-275X

Slashchova Olena, Candidate of Technical Sciences (Ph. D), Senior Researcher, Senior Researcher in Department of Mineral
Mining at Great Depths, M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine, Dnipro,
Ukraine, OASlashchova@nas.gov.ua (Corresponding author), ORCID 0000-0002-7161-1410

Seleznov Anatolii, Master of Science, Principal Specialist in Rock Mechanics Department, M.S. Poliakov Institute of Geotech-
nical Mechanics of the National Academy of Sciences of Ukraine, Dnipro, Ukraine, AnatoliMSeleznev@gmail.com, ORCID 0000-
0001-5737-290

Brizheniuk Volodymyr, Master of Science, Postgraduate Student in Department of Labor Protection, Civil and Technogenic
Safety, Ukrainian State University of Science and Technologies, Dnipro, Ukraine, volodimirbrizenuk@gmail.com, ORCID 0009-0003-
9690-1056

Dihtiar Kyrylo, Master's degree, Postgraduate Student in Department of Organisation and Management in Construction, ESI
“Prydniprovska State Academy of Civil Engineering and Architecture” of Ukrainian State University of Science and Technologies,
Dnipro, Ukraine, degtyar kirill@gmail.com, ORCID 0009-0009-5568-1249

Ikonnikov Maksym, Candidate of Technical Sciences (Ph.D), Associate Professor at the Department of Labor Safety and Civil
Security, Dnipro University of Technology, Dnipro, Ukraine, ikonnikovm@gmail.com, ORCID 0000-0003-2977-2007

NABOPATOPHI OOCNIAXEHHA XBWNEBUX TMPOLECIB ONnd 3AO0AY OBPOBKW [JAHUX
BIBPOAKYCTUYHOIO KOHTPOIIKO BE3MNEKK CrOPYQ TA TEXHIMHUX CUCTEM
Anancbkull O., Cnawosa O., Cene3Hbos A., bpixeHrok B., iemsp K., IkoHHiko8 M.

AHorauis. CTaTTd npucesYeHa BOOCKOHANEHHKD CMCTEM aBTOMaTW3aLii BibpoaKyCTUYHOTO KOHTPOMK CTiKOCTi Ta
Besneku cnopya. Meta pobotn nonsirae B nobyaosi Ta nabopaTopHil anpobalii LudpoBux Moaenen Xeunesux npowe-
ciB ans 3agay obpobkn gaHux BibPOAKYCTUYHOTO KOHTPOSO Ta NPAKTUYHOI OLiHKKM CTaHy Ge3nekn iHXeHepHUX crnopya.
MeToau QOCTIMKEHHS: aHani3 ekcnepuMeHTanbHUX JaHuX; NporpamHi Metoan nobynosw Ludposux mogenei; nabopa-
TOPHI EKCNEPUMEHTY; MOAENIOBAHHS NOLIMPEHHS NOMNEPEYHUX XBUMb. AHanIi3 NokasaB AOLiMbHICTb NpoBeaeHHs nabopa-
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TOPHUX JOCMifKeHb XBUMbOBUX MPOLECIB AN BepudpikaLlii TEOPETUYHUX MOAENEN, BUSBMNEHHS XapaKTEpHWUX O3HaK Ta
NPUXOBAHNX 3aKOHOMIPHOCTEN AMHAMIKW MOLUMPEHHS XBUMb y pisHUX cepefoBuwlax. CTBOPEHO (YHKLiOHAMbHY CXemy
nabopaTtopHOi YCTaHOBKM Ans 30ymKeHHs BiBpoakyCTUYHIX KOMMBAHb, Ska pearnisoBaHa Ta anpobosaHa Ha 6asi aBTo-
PWU30BAHOrO HaBYamnbHOrO LEHTPY dpaHLy3bkoi eHepromalumHobyaisHoi kopnopauii «Schneider Electric» B [JHinpoBCb-
KOMy YHiBepcuTeTi TexHonorin. Po3pobneHo anroputMu Ta nporpamHe 3abesneyeHHs Ans MOLESOBaHHS MOLUMPEHHS
30ymKyBanbHMX Ta BigbUTUX NONEpeYHUX XBurb. 3reHepOBaHO MOHOXPOMHI FAPMOHIMHI KOMMBAHHS 3 NOCIAOBHUM Mid-
BMLLEHHAM 4aCTOTW, 3MOAENbOBAHO XBUMi IMMYNbCHOMO 30YKEHHS Ta NepeMuKaHHs. EkcnepuMeHTansHO BCTaHOBNEHO,
LYo NPy B3aEMOAIT 3 MOrMMHAIOYO0 rPaHULIEd aMniiTyaa nonepeyHoi XBuri 3MEHLLYETLCS, OfHaK 3bepiracTbes hopma
Ta OCHOBHi XapaKTepUCTMKI XBUbOBOMO MPOLIECY Npu noAarbLioMy nolumperHi. CnocTepiraeTbes CyTTeBa Ans Bibpoa-
KYCTWKW 3aKOHOMIPHICTb: NMOLUMPEHHS XBUIb MaE AETEPMIHOBAHWIA XapaKTep 3 HaKNageHHSM CTOXaCTUYHUX KOMMOHEHTIB,
3YMOBNIEHWX CKMNagHUMKU yMOBaMu BigbuTTa. PO3BMHEHO nigxig 4O aHanisy AaHux BiGpOaKyCTUYHOTO KOHTPOMIO, WO
nepenbavae nobygoy LMPPOBNUX Mogenen 36yIKeHHs KonMBaHb AN CTBOPEHHS LNGPOBKX ABIAHMKIB pearibHUX XBi-
NbOBWX NPOLIECIB LUNSXOM BidyanisaLii KonnBaHb 3 NOKaAPOBOK YACOBOK PO3rOPTKOK Ta KONMOPM3aLieto YacoBUX iHTEp-
Banis. Lle fo3sonsie NpoBOAUTI KOMMMEKCHWA aHani3 KonuBaHb i NPOLECIB MOLMPEHHS XBUMb Y CKNagHuX ob'ekTax.
OTpumaHi pesynbTatn MOXyTb 6YTW BUKOPUCTaHI ANs NPaKTUYHOI iHTepnpeTauii BibpoakyCTUYHWUX CUrHariB Ta MOHITO-
puHry 6e3nekm iHxeHepHUX cnopya.

KntouoBi cnoBa: 6e3neka ekcnnyatadii cnopya, aBTomaTiaalis BibpoakyCTUYHOrO KOHTPOMI0, MOLES XBUIEBUX
npoLecie, 06pobka gaHmX.
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