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metrics will be crucial for comparing different simulators and validating
simulation results. UAV simulation platforms are at the forefront of
enabling the next generation of autonomous aerial systems. By addressing
current limitations and capitalizing on emerging technologies, the field can
unlock the full potential of UAV technology, fostering innovation and
ensuring safe and efficient deployment across an ever-expanding array of
applications. Collaboration, standardization, and innovation are key to
developing the next generation of simulation tools.
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Anomauia. /locniosceno pobomy mpancnopmuoi cucmemu KOHEEEPHO20 MUNY
3a YMO8 CMOXACMUYHO20 Xapakmepy 6XIiOH020 MNOMOKY CUNKO20 MAamepiany.
3anpononosano mamemamuuny mooensv i3 KAHOHIYHUM NOOAHHAM CMAYIOHAPHO20
BUNAOK0B020 npoyecy Ol 6XIOHO20 NOMOKY, Oe3PO3MIPHUM ONUCOM JAHYI02A
KOHBEEPi6@ ma OYIiHKOI0 IMOGIPHOCMI NepesulyerHHs KPUMuYHux nopocie, uo
cnpudunaome poscun. Yucenvui npukiaou Onsi cxemu 3 pegepCUSHUM KOHBEEPOM
O0eMOHCMPYIOMb  3ANedHCHICMb  Koeiyicuma — 3aéanmagicenHs iU empam  8i0
CMAMUCMUYHUX XAPAKMEPUCTIUK NOMOKY Ma 0OTPYHMOBYIOMb PEXCUMU KePYBAHHS
WeUOKicmio.

Knwwuoei cnosa: cmpiukosuii KOHGeEp, CMOXACMUYHUL GXIOHUL NOMIK,
HOpMANbHULL PO3NOOIN, KOPENAYIHA PYHKYIS, UMOSIPHICb PO3CUNY, PEGepCUSHUL
KOHBeEP.

Abstract. The paper examines the operation of a conveyor-type transport system
under a stochastic inflow of bulk material. The authors propose a mathematical
model that employs a canonical representation of a stationary random process for
the input flow, a dimensionless description of the conveyor chain, and an assessment
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of the probability of exceeding critical thresholds that cause spillage. Numerical
examples for a scheme with a reversible conveyor demonstrate how the load factor
and losses depend on the statistical characteristics of the flow and substantiate
appropriate speed-control regimes.

Keywords: belt conveyor, stochastic input flow, normal distribution, correlation
function, spillage probability, reversible conveyor.

Introduction. Belt conveyors provide continuous transportation of bulk
materials in mining and related industries, where energy efficiency and
stable loading are key requirements. In real operations the incoming flow
exhibits random fluctuations, causing uneven loading, additional energy
losses, and spillage risk [1]. This calls for models that explicitly account for
the stochastic nature of inputs and support decisions on belt speed and
routing control. Aim and methods. The aim is to build a generalized model
of a transport system with multiple sequential conveyors (including a
reversible one) that (i) describes the deterministic transport dynamics in
dimensionless coordinates; (ii) represents the input flow as a stationary
random process via a canonical expansion; (iii) evaluates the probability of
exceeding critical density/flow thresholds that lead to spillage at the inlet of
the next conveyor. The approach relies on the mass-transport equation with
delay and on the relation between density and volumetric flow at a constant
belt speed [2, 3]. Mathematical formulation. A conveyor with constant speed
is modeled as a transport problem with initial-boundary conditions in
dimensionless variables; for a conveyor chain we introduce compatible
length, speed, and boundary-density parameters. The stochastic input is
given by a canonical expansion in orthogonal basis functions with
uncorrelated coefficients, yielding closed-form expressions for the mean,
variance, and correlation function of the inflow process. Based on this, we
compute the critical flow value, the probability of exceedance, and the
minimal belt speed needed to limit spillage. Results and application
example. For a seven-conveyor test scheme reproducing a section of a real
mine transport system we show that (a) measured inflow values are well
approximated by a normal distribution with short correlation memory; (b)
the no-spillage critical threshold is determined as the distribution quintile for
a target reliability level; (c) the reversible conveyor redistributes flow
between routes and reduces peak loads [4, 5]. Comparative estimates
demonstrate how the loading factor and required speed margin depend on
the mean and variance of the input process.
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Conclusions. The proposed model reconciles deterministic mass-
transport equations with a probabilistic description of the incoming flow,
providing engineering criteria for selecting belt speeds and route
configurations to prevent spillage and reduce energy consumption.
Practically, it enables the design of adaptive speed-control strategies based
on online estimates of input statistics and exceedance forecasts.

References

1. Pihnastyi, O. M., Ivanovska, O. V., & Sobol, M. O. (2022). Synthesis of the
algorithm for the flow parameters optimal control of the reversible conveyor. Radio
Electronics, Computer Science, Control, 2, P.210-221.
https://doi.org/10.15588/1607-3274-2022-2-20

2. Pihnastyi, O., & Sobol, M. (2022). The input material flow model of the
transport conveyor. Paper presented at the Proceedings of the 2022 IEEE 4th
International Conference on Modern Electrical and Energy System, MEES 2022,
doi:10.1109/MEES58014.2022.10005769

3. Oleh Pihnastyi, Maksym Sobol, Method for Determining Statistical
Characteristics of Input Material Flows of Transport Conveyor. CEUR Workshop
Proceedings, Volume 3513, 2023. ISSN 1613-0073, Pages 409-419. Proceedings of
the 11-th International Conference "Information Control Systems & Technologies",
Odesa, Ukraine, September 21-23, 2023. https://ceur-ws.org/Vol-3513/paper34.pdf
https://ceur-ws.org/Vol-3513

4. Oleh Pihnastyi, Maksym Sobol, Anna Burduk Predictive analysis of the
interval material flow rates in transport conveyors based on experimental data
CEUR Workshop Proceedings, Volume 3790, 2024. ISSN 1613-0073, Pages 494-
505. Proceedings of the 12-th International Conference “Information Control
Systems & Technologies”, Odesa, Ukraine, September 23-25, 2024. https://ceur-
ws.org/Vol-3790/paper43.pdf

5. Oleh Pihnastyi, Maksym Sobol (2022). Stress analysis in a conveyor belt
for the maxwell model of elastic element. Bulletin of the National Technical
University «KhPI» Series: Dynamics and Strength of Machines, 1, P.81-93.
http://jdsm.khpi.edu.ua/article/view/265430, http://jdsm.khpi.edu.ua/indexing

UDC 004.93:519.237

PO3II3HABAHHS KIIABIATYPHOI'O ITIOYEPKY 3A
JOIMOMOI'0OX0 BOCBMUBUMIPHOI'O EJIIIICOITA
HNPOTHO3YBAHHSA 1J1s1 HOPMAJII3OBAHUX JAHUX
Dr.Sci. C. IpuxosKkot0000-0002-2325-018X] pp ). A, Tpyx op2[0000-0002-7160-8609]
Hayionanenuil ynigepcumem xopabnedyodyeanns imeni aomipana Maxaposa,
VYkpaina
EMAIL: sergiy.prykhodko@nuos.edu.ua, 2artem.trukhov@nuos.edu.ua

255


http://jdsm.khpi.edu.ua/indexing

