DOTI: 10.15587 /1729-4061.2024.302286
IDENTIFYING THE INFLUENCE OF LAND
LOGISTIC DRIVER COGNITIVE ENERGY IMPACT
ON SUPPLY CHAIN PERFORMANCE THROUGH
AGENT-BASED SIMULATION (p. 6-13)

Ishardita Pambudi Tama
Brawijaya University, Malang, Indonesia
ORCID: https://orcid.org/0000-0002-8392-6890

Dewi Hardiningtyas
Brawijaya University, Malang, Indonesia
ORCID: https://orcid.org/0000-0002-8650-6437

Adithya Sudiarno
Sepuluh Nopember Institute of Technology, Surabaya, Indonesia
ORCID: https://orcid.org/0000-0002-7331-089X

Aisyah Larasati
State University of Malang, Kota Malang, Jawa Timur, Indonesia
ORCID: https://orcid.org/0000-0001-7084-8777

Willy Satrio Nugroho
Brawijaya University, Malang, Indonesia
ORCID: https://orcid.org/0000-0001-8288-6287

Logistic transports link demand generators, distributors, and
producers in a supply chain network (SCN). The existence of logistic
transports is critical to ensure whole nodes’ economic sustainability.
This study explores the impact of human factors on SCN performance
through cognitive energy expenditure (CEE) tracking. Agent-based
model (ABM) simulation was used to analyze the impact of CEE
from truck driver’s electroencephalography (EEG) data to obtain
the postsynaptic potential values, which were then transformed to
calorific energy. The fleet agents, retailers and distributor models
were built based on the East Java, Indonesia, logistic transport route
around Karanglo, Gempol, Bungurasih, and Gubeng. The frequency
and the peak value of the EEG data, postsynaptic potential, and en-
ergy data indicate the same information. All data indicate that more
challenging routes have higher frequency and higher peak values. The
ABM simulation of the fleet agents shows balanced CEE throughout
entire routes due to the precise rest period and eat scheduling. The
average delivery success rate was 8 out of 30 or 26.7 % in each simu-
lation time step. Hence, most goods delivery tasks can be completed
by fleet agents in a balanced system. As a consequence, the SCN
performance is also balanced due to the fluid inventory shift without
overstock and stockouts. The rest and eat periods of a fleet agent were
scheduled after the CEE has been peaked. The time lag between rest
periods and transport operations has to be maintained to overcome
fleet agents task buildup. Task buildup has a potential to decay both
transport safety and inventory shift rates. Therefore, the upgrade in
SCN performance is possible through proper fleet agents scheduling.

Keywords: cognitive energy expenditure (CEE), supply chain net-
work (SCN), agent-based simulation, electroencephalography (EEG),
logistic transport.
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The object of this study is a clustering algorithm using various
technologies.

This paper compares clustering algorithms that are more com-
monly used to analyze urban road network trajectories, the growth
curve model, with the elbow method and the x-means algorithm.
Experiments were conducted with various volumes of big data to de-
termine calculation time, accuracy, and ways to increase calculation
time. These results can be used to manage traffic jams in congested
areas and city streets. Considering the widespread use of clustering
algorithms for solving various problems, this study proposes to intro-
duce GCM, SPGK methods for monitoring and analyzing the state
of congestion on city roads. The work was carried out in the follow-
ing steps: research and selection of methods based on efficiency and
time, implementation of parallel computing technologies to improve
computation speed, demonstration of the selected method based
on collected data from a real city with visualization of the results.



The growth curve model algorithm has been proven to be almost
5 times more effective than the elbow method and the x-means al-
gorithm. The time allocated for data processing has been calculated.
An increase in the volume of processed data showed an almost stable
execution time ¢=3 s for the GCM algorithm for data with a volume
of up to almost 2,000 units. The effectiveness of SPGK-means was
shown for different values of the number of points. Models of the
Chengdu transport network obtained using a clustering algorithm
with maximum grid density of neighborhoods are presented. There
are some deviations between the grid and the road network due to
the large grid size. This error is explained by an error of up to one
between the points and the real grid.

The results obtained clearly show how optimization of congested
roads can be influenced. They provide information to obtain data
on available routes, which allows you to analyze the road network
individually and as a whole.

Keywords: congestion point, grid K-means clustering algo-
rithm, trajectory clustering, parallel computing.

References

1. Lu, M., Liang, J., Wang, Z., Yuan, X. (2016). Exploring OD patterns
of interested region based on taxi trajectories. Journal of Visualiza-
tion, 19 (4), 811-821. https://doi.org/10.1007 /512650-016-0357-7

2. Li, T, Wu, J., Dang, A, Liao, L, Xu, M. (2019). Emission pat-
tern mining based on taxi trajectory data in Beijing. Journal
of Cleaner Production, 206, 688-700. https://doi.org/10.1016/
jJjclepro.2018.09.051

3. Tang, J., Liu, F, Wang, Y., Wang, H. (2015). Uncovering urban hu-
man mobility from large scale taxi GPS data. Physica A: Statistical
Mechanics and Its Applications, 438, 140-153. https://doi.org/
10.1016/j.physa.2015.06.032

4. Liu, X,, Luan, X,, Liu, E (2018). Optimizing manipulated trajectory
based on principal time-segmented variables for batch processes.
Chemometrics and Intelligent Laboratory Systems, 181, 45-51.
https://doi.org/10.1016 /j.chemolab.2018.08.010

5. lIzakian, H., Pedrycz, W, Jamal, L. (2015). Fuzzy clustering of time
series data using dynamic time warping distance. Engineering Ap-
plications of Artificial Intelligence, 39, 235-244. https://doi.org/
10.1016/j.engappai.2014.12.015

6. D'Urso, P, De Giovanni, L., Massari, R. (2018). Robust fuzzy
clustering of multivariate time trajectories. International Journal
of Approximate Reasoning, 99, 12-38. https://doi.org/10.1016/
j1jar.2018.05.002

7. Lee, J.-G., Han, J., Whang, K.-Y. (2007). Trajectory clustering. Pro-
ceedings of the 2007 ACM SIGMOD International Conference on
Management of Data. https://doi.org/10.1145/1247480.1247546

8. Wang, L., Hu, K, Ku, T, Yan, X. (2013). Mining frequent trajectory
pattern based on vague space partition. Knowledge-Based Systems,
50, 100—111. https://doi.org/10.1016/j.knosys.2013.06.002

9. Rempe, E, Huber, G., Bogenberger, K. (2016). Spatio-Temporal Con-
gestion Patterns in Urban Traffic Networks. Transportation Research
Procedia, 15, 513-524. https://doi.org/10.1016 /j.trpro.2016.06.043

10. Kan, Z., Tang, L., Kwan, M.-P, Ren, C., Liu, D., Li, Q. (2019). Traffic
congestion analysis at the turn level using Taxis’ GPS trajectory
data. Computers, Environment and Urban Systems, 74, 229-243.
https://doi.org/10.1016/j.compenvurbsys.2018.11.007

11. Pattara-atikom, W., Pongpaibool, P, Thajchayapong, S. (2006).
Estimating Road Traffic Congestion using Vehicle Velocity. 2006
6th International Conference on ITS Telecommunications. https://
doi.org/10.1109/itst.2006.288722

12. Shi, W, Kong, Q.-]., Liu, Y. (2008). A GPS/GIS Integrated System
for Urban Traffic Flow Analysis. 2008 11th International IEEE
Conference on Intelligent Transportation Systems. https://doi.org/
10.1109/itsc.2008.4732569

13. Kong, Q. J., Li, Z,, Chen, Y, Liu, Y. (2009). An Approach to Ur-
ban Traffic State Estimation by Fusing Multisource Information.
IEEE Transactions on Intelligent Transportation Systems, 10 (3),
499-511. https://doi.org/10.1109 /tits.2009.2026308

14. Yang, Y., Xu, Y., Han, J., Wang, E., Chen, W,, Yue, L. (2017). Efficient
traffic congestion estimation using multiple spatio-temporal pro-
perties. Neurocomputing, 267, 344—353. https://doi.org/10.1016/
j.neucom.2017.06.017

15. Lu, S., Knoop, V. L., Keyvan-Ekbatani, M. (2018). Using taxi GPS
data for macroscopic traffic monitoring in large scale urban net-
works: calibration and MFD derivation. Transportation Research
Procedia, 34, 243-250. https://doi.org/10.1016/j.trpro.2018.11.038

16. Hartigan, J. A, Wong, M. A. (1979). Algorithm AS 136: A K-Means
Clustering Algorithm. Applied Statistics, 28 (1), 100. https://doi.org/
10.2307/2346830

17. Arthur, D., Vassilvitskii, S. (2007). K-means++: the advantages of
careful seeding. SODA ‘07: Proceedings of the eighteenth annual
ACM-SIAM symposium on Discrete algorithms, 1027-1035.

18. Cordeiro de Amorim, R., Mirkin, B. (2012). Minkowski metric,
feature weighting and anomalous cluster initializing in K-Means
clustering. Pattern Recognition, 45 (3), 1061—-1075. https://doi.org/
10.1016/j.patcog.2011.08.012

19. Ng, R. T, Han, J. (2002). CLARANS: a method for clustering
objects for spatial data mining. I[EEE Transactions on Knowledge
and Data Engineering, 14(5), 1003—1016. https://doi.org/10.1109/
tkde.2002.1033770

20. Shahbaba, M., Beheshti, S. (2012). Improving X-means clustering
with MNDL. 2012 11th International Conference on Information
Science, Signal Processing and Their Applications (ISSPA). https://
doi.org/10.1109/isspa.2012.6310493

21. Abdiakhmetova, Z. M. (2017). Wavelet data processing in the
problems of allocation in recovery well logging. Journal of Theo-
retical and Applied Information Technology, 95 (5). Available at:
https://www.kaznu.kz/content/files/news/folder23320,/2017%20
%D0%A1%D0%BA%D0O%BE%D0%BF%D1%83%D1%81%20
7Vol95No5.pdf

22. Turken, G., Pey, V., Abdiakhmetova, Z., Temirbekova, Z. (2023).
Research on Creating a Data Warehouse Based on E-Commerce.
2023 IEEE International Conference on Smart Information Sys-
tems and Technologies (SIST). https://doi.org/10.1109/sist58284.
2023.10223542

DOI: 10.15587/1729-4061.2024.302876
APPLICATION OF FUZZY CELLULAR AUTOMATA
TO OPTIMIZE A VESSEL ROUTE CONSIDERING
THE FORECASTED HYDROMETEOROLOGICAL
CONDITIONS (p. 28-37)

Sergiy Dudchenko

Kherson State Maritime Academy, Kherson, Ukraine

Kherson Maritime Specialized Training Centre at Kherson State
Maritime Academy, Kherson, Ukraine

ORCID: https://orcid.org/0000-0002-1613-7226

Oleksandr Tymochko

Flight Academy of the National Aviation University,
Kropyvnytskyi, Ukraine

ORCID: http://orcid.org/0000-0002-4154-7876

Dmytro Makarchuk
Solent University, Southampton, United Kingdom
ORCID: https://orcid.org/0000-0002-4299-6614

Andrii Golovan
Odesa National Maritime University, Odesa, Ukraine

ORCID: https://orcid.org/0000-0001-6589-4381



The object of research is the processes of planning the minimum
operating costs of a vessel with minimal risk to it and its cargo, con-
sidering the forecasted hydrometeorological conditions. The aim is
to increase the fuel efficiency of a vessel’s passage, considering the
forecast of weather conditions when forming an optimal safe route in
the e-Navigation system. To achieve the research goal, conventional
cellular automata and the mathematical apparatus of fuzzy sets and
fuzzy logic were used in the process of decision-making and assess-
ment of the impact of weather conditions on traffic efficiency. The
devised approach makes it possible to synthesize an optimal route for
the vessel, which ensures minimum fuel consumption and has mini-
mal risk for the vessel and cargo while considering variable hydrome-
teorological conditions along the route. Minimization of operating
costs is achieved through the ability of cellular automata to describe
the complex behavior of objects, considering local rules. Automata
are a computing system in discrete spaces. Data uncertainty has led
to the need to use a fuzzy system, the effectiveness of which depends
on the quality and accuracy of rules. Fuzzy automata, by combining
fuzzy logic and automata theory, made it possible to process continu-
ous steps and model the inherent uncertainty. To determine the state
of cells of a fuzzy cellular automaton and the transition function
between them, a system of productive rules and membership func-
tions was used. It is the consistency of the system of productive rules
when using fuzzy logic to build a cellular automaton that enables the
construction of a quasi-global optimal routing method in comparison
with conventional methods for calculating the ship’s route.

Keywords: e-Voyage, navigation situation, route, cellular au-
tomaton, fuzzy logic, weather conditions.
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The object of the study: the process of determining and ma-
naging ergonomic risks at workplaces when performing professional
activities on the example of truck drivers.

The problem lies in uncertainty when making decisions in oc-
cupational safety and health management systems. The hypothesis
of the study was the possibility of assessing ergonomic risks in the
occupational safety management systems of organizations based
on the identification of regularities between the load index, typical
working postures when performing operations and the intensity of
joint movements.

An ergonomic risk assessment algorithm was developed, taking
into account the load index, which includes a sequence of eleven
steps, which can be conditionally divided into three groups. The first
is determination of the intensity of joint movement. The second is
the determination of the impact of activity and the duration of the
production task. The third is determining the impact of environmen-
tal factors. An assessment of the ergonomic risk of drivers was carried
out for three types of production work: driving a vehicle, replacing
a damaged wheel, and repairing a car. At the same time, the ergonom-
ic risk assessment algorithm takes into account the worker’s indivi-
dual state of health and environmental factors, as well as experience
and work experience. It has been established that there is a high level
of ergonomic risk during car maintenance due to the highest total
load index, which is 30 % higher compared to other types of work of
vehicle drivers.

The practical application consists in the development of a uni-
versal check list of drivers based on an algorithm to determine the
ergonomic risk of workers at workplaces, which consists of 11 steps.

Keywords: check sheet, diseases of the musculoskeletal system,
ergonomic risk, load index, working posture.
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The object of research is pedestrian safety when crossing railroad
tracks at pedestrian crossings. A method for improving the safety
of pedestrian traffic when crossing railroad tracks within the area
approaching the railroad pedestrian crossing has been developed, by
introducing an information system for warning pedestrians about
train movement with a fixed warning time.

Experimental measurements of the speed of the rolling stock
were carried out in the area approaching the pedestrian crossing over
the railroad track. With the mixed movement of trains, it was found
that the lowest speed of the train was 67.46 km/h, and the highest
was the passenger train — 131.9 km/h. At the same time, the speed
of freight trains ranged from 74 to 79 km/h. Such data are needed
to determine the speed of the rolling stock on the approach to the
crossing or transition, which will allow the light and sound signal to
be turned on in time when the movement of a pedestrian across the
track will be dangerous.

The methodology for calculating the length of the approach sec-
tion to the pedestrian crossing, depending on the speed of the rolling
stock, has been given. It was established that the speed of the rolling
stock has a significant effect on the length of the approach section.
At the lowest measured speed of the train — 67.46 km/h, the length
of the approach section was 317.46 m, and when the passenger train
was moving at a speed of 131.9 km/h — 620.68 m.

For a single-track section of the railroad, a fixed time has been
established for warning pedestrians about the approach of a train to
the crossing. It is a constant value that is included in the warning
information system on a single-track section, and after it, a complex
light and sound alarm with an information board is activated, which
will warn the pedestrian about the movement of the train. The
method for improving the safety of pedestrian traffic with a fixed
time of the pedestrian’s anticipation of the train movement could
be used at crossings with pedestrian traffic, as a supplement to the
crossing signaling subsystem in railroad transport. It can also be used
at equipped pedestrian crossings over railroad tracks in urbanized
areas. The advantage of introducing such a method is a fixed time
to warn the pedestrian, in each specific case of the train approaching
the crossing.

Keywords: traffic safety, pedestrian crossings, information sys-
tem, railroad track, rolling stock, fixed warning time.

References

1. Informatsiia pro rezonansni DTP, avariyi, katastrofy u 2023 rotsi.
Derzhavna sluzhba Ukrainy iz bezpeky na transporti. Available
at: https://old.dsbt.gov.ua/uk /storinka/informaciya-pro-rezonans-
ni-dtp-avariyi-katastrofy-u-2023-roci

2. Vivek, A. K., Mohapatra, S. S. (2023). An observational study
on pedestrian and bicyclist violations at railroad grade crossings:
Exploring the impact of geometrical and operational attributes.
Journal of Safety Research, 87, 395-406. https://doi.org/10.1016/
jjsr.2023.08.011



3. Zhang, M., Khattak, A. J., Liu, J., Clarke, D. (2018). A compa- 19. Sysyn, M., Nabochenko, O., Kluge, F et al. (2019). Common crossing
rative study of rail-pedestrian trespassing crash injury severity structural health analysis with track-side monitoring. Communi-
between highway-rail grade crossings and non-crossings. Accident cations, 21 (3), 77-84. Available at: http://eadnurt.diit.edu.ua/
Analysis & Prevention, 117, 427-438. https://doi.org/10.1016/ bitstream/123456789,/11832/1/Sysyn.pdf
j.aap.2018.02.001 20. Sysyn, M., Gerber, U., Nabochenko, O., Kovalchuk, V. (2019).

4. Freeman, J., Rakotonirainy, A., Stefanova, T., McMaster, M. (2013). Common crossing fault prediction with track based inertial measure-
Understanding pedestrian behaviour at railway level crossings: Is ments: statistical vs. mechanical approach. Pollack Periodica, 14 (2),
there a need for more research? Road & TransportResearch, 22 (3), 15-26. https://doi.org/10.1556,/606.2019.14.2.2
29-39. Available at: https://eprints.qut.edu.au/220081,/1/63688.pdf  21. Jamshidi, A., Hajizadeh, S., Su, Z., Naeimi, M., Nufiez, A., Dollevoet, R.

5. Freeman, J., Rakotonirainy, A. (2015). Mistakes or deliberate viola- et al. (2018). A decision support approach for condition-based
tions? A study into the origins of rule breaking at pedestrian train maintenance of rails based on big data analysis. Transportation Re-
crossings. Accident Analysis & Prevention, 77, 45-50. https:// search Part C: Emerging Technologies, 95, 185-206. https://doi.org/
doi.org/10.1016/j.aap.2015.01.015 10.1016/j.trc.2018.07.007

6. Larue, G. S, Watling, C. N. (2022). Prevalence and dynamics of dis- 22. Sysyn, M., Nabochenko, O., Gerber, U., Kovalchuk, V., Petrenko, O.
tracted pedestrian behaviour at railway level crossings: Emerging is- (2019). Common crossing condition monitoring with on board iner-
sues. Accident Analysis & Prevention, 165, 106508. https://doi.org/ tial measurements. Acta Polytechnica, 59 (4), 423-434. https://
10.1016/j.aap.2021.106508 doi.org/10.14311/ap.2019.59.0423

7. Read, G. J. M., Salmon, P. M., Lenné, M. G., Stanton, N. A. (2016). 23. Sysyn, M., Gruen, D., Gerber, U., Nabochenko, O., Kovalchuk, V.
Walking the line: Understanding pedestrian behaviour and risk at (2019). Turnout Monitoring with Vehicle Based Inertial Measure-
rail level crossings with cognitive work analysis. Applied Ergono- ments of Operational Trains: A Machine Learning Approach. Com-
mics, 53, 209-227. https://doi.org/10.1016/j.apergo.2015.10.004 munications — Scientific Letters of the University of Zilina, 21 (1),

8. Lobb, B. (2006). Trespassing on the tracks: A review of railway pe- 42-48. https://doi.org/10.26552/com.c.2019.1.42-48
destrian safety research. Journal of Safety Research, 37 (4), 359-365.
https://doi.org/10.1016//j.jsr.2006.04.005 DOI: 10.15587/1729-4061.2024.302950

9. Lobb, B, Harré, N., Terry, N. (2003). An evaluation of four types ~IMPROVEMENT OF THE METHODOLOGY FOR

DETERMINING THE MOVEMENT PARAMETERS
OF INDIVIDUALS WITH VISUAL IMPAIRMENTS
DURING EVACUATION FROM HIGHER
EDUCATION INSTITUTIONS WITH INCLUSIVE
EDUCATION USING A SIMPLIFIED ANALYTICAL

of railway pedestrian crossing safety intervention. Accident Analy-
sis & Prevention, 35 (4), 487-494. https://doi.org/10.1016,/s0001-
4575(02)00026-x

10. Larue, G.S., Watling, C.N., Black, A., Wood, J. M. (2021). Improving
the safety of distracted pedestrians with in-ground flashing lights.

A railway crossing field study. Journal of Safety Research, 77,
170—181. https://doi.org/10.1016/j.jsr.2021.02.014

MODEL (p. 60-69)

Oleksandr Khlevnoi

11. Zhang, J., Liu, E, Chen, Z., Yu, Z., Xiao, X., Shi, L., Guo, Z. (2023). . . . . . .
A multi-level analysis on the causes of train-pedestrian collisions in Lviv State Unlver51ty of Life Safety, Lviv, Ukraine
” ; A . ORCID: https://orcid.org/0000-0003-2846-3480
Southwest China 2011-2020. Accident Analysis & Prevention, 193,
107332. https://doi.org/10.1016 /j.aap.2023.107332 Oleksandr Dotsenko
12. Keramati, A, Lu, P, Ren, Y,, Tolliver, D., Ai, C. (2021). Investigating Institute of Public Administration
the effectiveness of safety countermeasures at highway-rail at-grade and Scientific Research on Civil Protection, Kyiv, Ukraine
crossings using a competing risk model. Journal of Safety Research, ORCID: https://orcid.org/0000-0001-7437-8733
78, 251-261. https://doi.org/10.1016/j.jsr.2021.04.008
13. Aupetit, S., Escaich, S., Gillet, C., Herber, P,, Grison, E., Morgagni, S. X . . . Vasyl Khovalysh.yn
(2023). Virtual reality study of the effects of railway crossing safety Lviv State Unlversfﬁy of Life Safety, Lviv, Ukraine
] ’ 3 ) ORCID: https://orcid.org/0000-0002-5463-0230
technologies on pedestrian behaviour. Transportation Research Pro-
cedia, 72, 1264—1271. https://doi.org/10.1016/j.trpro.2023.11.586 Volodymyr-Petro Parkhomenko
14. Ahmed, J., Robinson, A., Miller, E. E. (2024). Effectiveness of signs Lviv State University of Life Safety, Lviv, Ukraine
for pedestrian-railroad crossings: Colors, shapes, and messaging ORCID: https://orcid.org/0000-0001-7431-4801
strategies. Journal of Safety Research. https://doi.org/10.1016/
. Valentyn Dyven
1,j51.2024.01.003 . /
15. Santander-Mercado, A., Amaya-Mier, R., Castafio-Campo, L., Jubiz- Cherkasy InstltuF e of Flre. Saf(?ty
’ v P P named after Chornobyl Heroes of the National University
Diaz, M. (2024). An optimisation model to locate level crossings of Civil Defence of Ukraine, Cherkasy, Ukraine
in railway lines at mines to minimise the total weighted-walked ORCID: https://orcid.org/0000-0002-5342-8858
distance. IATSS Research, 48 (1), 40-54. https://doi.org/10.1016/
jiatssr.2024.01.003 Anna Borysova
16. Vozniak, O. M., Havryliuk, V. L. (2019). Zabezpechennia bez- Institute of Public Administration
peky rukhu na zaliznychnykh pereizdakh. Dnipro, 282. Available and Scientific Research on Ci_Vil Protection, Kyiv, Ukraine
at: https://www.researchgate.net/publication/311321045_Zabez- ORCID: https://orcid.org/0000-0002-8700-0761
pecenna_bezpeki_ruhu_na_zaliznicnih_pereizdah Sergiy Vovk
17. Luptak, V., Carny, S. (2024). Rationalization of Selected Crossing Lviv State University of Life Safety, Lviv, Ukraine
Security Devices on Czech Railways Line 201 Tabor — Razice. ORCID: https://orcid.org/0000-0001-5278-3754
Transportation Research Procedia, 77, 171-178. https://doi.org/
10.1016/j.trpro.2024.01.023 The object of the study is the movement parameters of mixed
18. Starcevi¢, M., Bari¢, D., Broz, 1. (2021). Increasing level crossing  evacuation flows, which include participants with visual impair-

safety in urban areas — Case study City of Zagreb. Road and Rail
Infrastructure VI. https://doi.org/10.5592/co/cetra.2020.1030
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Solving the problems of calculating the duration of evacuation
of the population from educational institutions with inclusive edu-
cation is very relevant, since this process has a significant feature
that is not typical for evacuation from most residential and public
buildings. In such educational institutions, all students move in
groups under the control of scientific and pedagogical workers. This
feature is not taken into account in the regulatory documents that fix
the methods of calculating the duration of evacuation. The numerical
parameters obtained by authors allow to solve this problem.

According to the results of the experiment, 241 measurements of
the speed and density of the flow were made on horizontal sections,
204 — during the descent of the stairs and 206 — during the ascent. The
dependences between these parameters were established by conducting
regression analysis. As part of the experiment, flows were monitored
with a variable value of the percentage of people with visual impair-
ments in the flow. Thanks to this, the impact of the increase the number
of people with visual impairments in the flow on the speed of movement
on various sections of the evacuation routes was established.

The analysis of the obtained results shows that the appearance
of the first participant with visual impairments in the flow leads to
a decrease in the speed of movement. In the future, the relationship
between a decrease in speed and an increase in the percentage of
traffic participants with visual impairments is linear.

The obtained dependencies can be used as input parameters for
calculations of the duration of evacuation in educational institutions
with inclusive education according to a simplified analytical model
and allow obtaining smaller deviations from the results obtained
in real conditions (3.4-25 %) compared to the current individual
model (35, 5-52.3 %).

Keywords: fire safety, evacuation of people, visual impairment,
evacuation time, inclusiveness.
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BU3HAYEHHS BILIUBY KOTHITUBHOT EHEPTII BO/IIB HASEMHOI JIOTICTUKH HA EOEKTUBHICTD JIAHITIOTA
ITIOCTABOK 3A 1IOIIOMOI'0OI0O ATEHTHOI'O MOJAEJIOBAHHA (c. 6-13)

Ishardita Pambudi Tama, Dewi Hardiningtyas, Adithya Sudarno, Aisyah Larasati, Willy Satrio Nugroho

JloricTnyni nepeBe3eH s MOB'sI3YI0Th TeHePaTOPiB MOMUTY, AMCTPHO I0TOPIB Ta BUPOOHUKIB y paMKax Mepeski Janiora moctaBok (MJIIT).
HagsuicTs sorictidHmX nepeBeserHh Mae BUPilIaibHe 3HAYCHHsT 15 3a0€31IeYeHHsA eKOHOMIYHOT CTIHKOCTI I[/IMX BY3JIiB. Y poOOTI JOCITIHKYEThCS
BILINB JTIO/ICbKOTO (hakTopa Ha edexrusHicTs MJIII 3a fomomororo Bizicreskennst Butpar kornitTnsHoi eneprii (BKE). Bukopucrano arentre moze-
mosanst (AM) s anamizy BrumBy BKE na ocrnosi manmx enexrpoentiedanorpadii (EEL) Bomist BanTaskiBKY 71T OTPHMAHHS 3HAYEHD TTOCTCHHATT-
THYHOTO TIOTEHIAY, K] OTIM MEPETBOPIOBAINCS B TEIIOTBOPHY eHeprito. [106y10BaHo Mo/l TPAaHCIIOPTHUX areHTiB, PO3APIOHIX TIPOABIIB Ta
JMcTprO’I0TOPIB Ha OCHOBI JIOTICTUYHOTO TPaHCIOPTHOTO MapuipyTy Ha Cxiamiit SI8i, Ingonesis, naBkosio Hacesaennx myrkris Kapanriio, Temmour,
Bynrypacix ta Iy6enr. Yacrora Ta mikose sHadennst ganux EET, mocTcMHanTHYHOTO MOTEHIaTy Ta eHepril 1aioTh OJAHAKOBI pesyabsrati. Bei pami
CBI/IYaTh TIPO Te, TI10 GLIIBII CKIAIHI MAPIIPYTH MAIOTh OiTBIIT BIICOKY YaCTOTY Ta GBI BICOKI TKOBI 3HAYeHHST. AM-MOZIeTIOBAHHS TPAHCIIOPTHIX
arenTiB nokasye s6anancosane snavenis BKE ma Bcix Mapmipyrax 3aBasgku TounoMy rpadiky Binmounuky ta npuiiomy iki. Cepe/niii mokasimk
yCImimHocTi octaBku cranoBrB 8 i3 30, a6o 86,7 %, Ha KOKHOMY eTart MOJIe/TIoBaHHs. TAKUM YMHOM, y 30a/IaHCOBAHIl CUCTeMI TPAHCIIOPTHUMU
areHTaMu Moyke OyTH BHKOHAHO OLJIBITICTD 3aBIaHb 3 I0OCTaBKU TOBapiB. SIK HaciI0K, edextusnicTs MJITT Takosk 36aiancoBaHa 3aB/IsIKI T1JIaB-
HOMY TepeMillleHHIO 3anaciB 6e3 3aToBaproBatHst Ta nediruty. [lepiofu BiAMOYNHKY Ta TPUHOMY TKi TPAHCIIOPTHOTO areHTa 3aIIAHOBaHI Ticis
nocsiraensst iky BKE. [lyist 3arobiranist epeBaHTaKeHHIO TPAHCTIOPTHHUX areHTiB HeOOXIiAHO JOTPUMYBATHCS YaCOBOTO IHTEPBAIY MisK TIepiofa-
MU BI/[IIOYMHKY Ta TPAHCIIOPTHUMU OlepariisiMu. [lepeBaHTakeHHSI MOKE IPU3BECTH JI0 3HIKEHHST sIK Ge3IIeKU MepeBe3eHb, Tak i IMBUIKOCTI Tie-
pemimenns sanacis. TaknM unHOM, migBHIIeHHS eherTrBHOCTI MJITT MOKJIMEBE IIUIIXOM HATEKHOTO TUIAHYBAHHS POOOTH TPAHCTIOPTHUX ar€HTIB.

Kumouosi cioBa: utparu koruitusroi eHeprii (BKE), mepeska manirora nocraBok (MJIII), arenTHe MozienoBanHsI, eJieKTpoentiedano-
rpadist (EET), noricTuyni nnepeseseHHsl.
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BU3HAYEHHS AJITOPUTMY AHAJII3Y TA BUBYEHHS TPAEKTOPII1 MICBKOI BYJIMYHO-IOPOKHbOT
MEPEKI (c. 14-27)

Zhanerke Temirbekova, Lyazat Naizabayeva, Gulzat Turken, Zukhra Abdiakhmetova, Maxatbek Satymbekov

OG6’'€KTOM JIOCIIIKEHHS € aJITOPUTM KJIaCTepU3allil 3 BAKOPUCTAHHAM PI3HUX TEXHOJIOTTI.

¥V po6oTi TOPIBHIOIOTHCS AITOPUTMHU KJIACTEPH3ALlil, SIKi HaifyacTilie BUKOPUCTOBYIOTHCS /IsT AHAJI3Y TPAEKTOPIN MiChKOT BYIMYHO-TOPOKHBOT
Mepeski. [[Jist BUBHAUEHHsT 4acy 0GUMCIEHb, TOYHOCTI Ta CriocoOiB T IBUIEHHS MIBUAKOCTI 0GYMCIEHD TTPOBEIEHO EKCIIEPUMEHTH 3 PI3HIMHU 00CsITa-
MU BEJTMKUX JIaHKX. Pe3ysibrat MoKy Th OyTH BUKOPUCTaHI 1711 GOPOTHOM 3 3aTOPAMHU B TIEPEBAHTAKCHNX PAliOHAX Ta BYJIMIAX MicTa. Bpaxosytoun
TITPOKE BUKOPUCTAHHS aJITOPUTMIB KIACTEePU3AIlii /IJIsT BUPIIIEHHST Pi3HUX 3aBaHb, Y OCJIi/KEHHI TIPOTIOHYEThCS BIpoBaukeHHs MetoziB GCM,
SPGK ju1st MOHITOPHHIY Ta aHANI3Y CTAHY IIePeBAHTAKEHHST MICBKUX J0Pir. Po60Ta BUKOHYBaJIACs 32 HACTYITHUMY KPOKaMH: JIOCIJUKEHHST Ta BU-
6ip MeTo/iB 3a eheKTUBHICTIO Ta BUTPATAMHU Yacy, BIPOBA/KEHHsI TEXHOJIOTT MapaJeJlbHUX 00UNCIeHb IS TABUIIEHHST IBUAKOCTI 0GYMCIIEHD,
JIEMOHCTALLisi poOOTH 0GPAHOTrO METOLY Ha OCHOBI 3i0PaHNX [AHUX PEATBHOIO MicTa 3 Bigyastisalti€io pesyJisrariB. [[0BeIEHO, 110 alrOPUTM MOZIE
KPUBOI POCTy Maiike B 5 pasiB eheKTUBHIIIMI 3a METOJ JIKTSI Ta alTOPUTM X-Cepe/THiX. BUKOHAHO 00YMCIEHHS Yacy, BiABENEHOro Ha 0OPOOKyY
Harux. 36ibleHHst 06¢sATy 00pobIIOBaHNX JaHKUX TTOKA3aJI0 Maike cTablabHuil yac BukoHatst (=3 ¢ s anropurmy GCM ist ganux o6csrom
maitke 10 2000 oanne. [Tokasana edexrnsricts SPGK-cepennix 3a pisHux 3HadeHb KibKocTi Touok. [IpeacraBieni Moziesti TpaHCIIOPTHOT Me-
pexxi micta Yerny, oTpuMani 3a I01IOMOTOIO aTOPUTMY KJIACTepU3allii 3 MAKCIMATBHOTO MIITBHICTIO CITKM OKOJIHIL. Yepe3 BeJMKIii PO3Mip CiTKA
€ JIesIKi BIIXUIJIEHHST MiZK CITKOIO Ta JIOPOJKHBOIO Mepeskero. Taka MOMUIIKA MOSICHIOETHCS TIOXMOKOI0 /10 OJIMHUIL MK TOYKAMU Ta PEAJIHOKO CITKOIO.

Orpumani pe3yJsTaTi MOKa3yioTh, SIK MOKHA BITMHYTH Ha OITHUMI3AIlio mepeBanTakennx gopir. Bonn wazaors indopmartiio st otpu-
MaHHS JIAHUX IIPO JOCTYITHI MapIIpyTH, 110 [03BOJISIE€ aHATi3yBaTH BYJIHMYHO-0POKHIO MEPEKY OKPEMO Ta B IIiJIOMY.

Komo4oBi ciioBa: Touka NepeBaHTaKEHHs, aJITOPUTM KJacTepusaliii Ha ocHOBI ciTku Metonom K-cepesHix, kiactepusariisi TpaekTopii,
rapasesnbHi 06UMCIeHHS.
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3ACTOCYBAHHSA HEYITKUX KJIITUHHUX ABTOMATIB JIJII OIITUMI3AIII MAPIIPYTY PYXY CY/THA 3
YPAXYBAHHAM ITPOTHO30BAHHUX I'/IPOMETEOPOJIOTTYHUX YMOB (c. 28-37)

C. B. [Iynuenko, O. I. Tumouko, Dmytro Makarchuk, A. I. TonroBaub

OG6’e€KTOM JIOCIIKEHHS € TIPOIeCH TIJIAHYBaHHS MiHIMAJIBHUX eKCIIyaTaliifHuX BUTPAT Cy/HA TPU MiHIMaJIbHOMY PU3HUKY JUIsi HHOTO Ta
BAHTAXKY 3 YPaxyBaHHSM [IPOTHO30BAHUX T1/[POMETEOPOJIOTIYHUX YMOB. MeTo10 BU3HAYECHO YZIOCKOHAJIEHHS MeTO/Ly (DOPMYBaHHS ONTHMAIb-
HOTO MapIIpyTy B cucteMi e-Navigation 3 ypaxyBaHHAM HPOTHO3Y MOTOAHUX yMOB. /{1 [oCATHEHHA METH AOCTI/PKeHHS IPU BUPIIIeHH] ITpo-
GJsieMy MapIIPYTU3aLlil BAKOPUCTAHT HEYiTKI KJIITHHHI aBTOMATH B TIPOLECi IPUITHATTS PillleHb Ta OIiHI BIUIMBY MOTOAHUX YMOB Ha e(heKTHB-
HICTB PyXy. 3alPOIIOHOBAHE PIlllEHHsT 03BOJISIE CUHTE3YBATH ONTUMAJIBHUN MApIIPYT PyXy CY/IHA, [0 3a0e31edy€e MiHiMalIbHe CIOKUBAHHS
MaJIMBa Ta Ma€ MiHIMaJIbHUI PU3KK JIUIS CY/IHA Ta BAHTaKY 1 BDaXOBY€E 3MiHHI Ti[POMETEOPOJIOTIYHI YMOBH Ha IIJISIXY TPAHCIIOPTHOTO 3ac00Y.
Minimizalis ekcruyataniiHuX BUTPAT JOCATAETHCA 3aBAAKH BJIACTUBOCTI KJIITMHHMX aBTOMATIB ONKMCYBATH CKJIAJAHY MOBEAIHKY 00'€KTiB
3 ypaxyBaHHSM JIOKAQJTbHUX TPABWJI. ABTOMATH € OOYMCIIOBATBHOIO CUCTEMOIO y AMCKPETHUX TPOCTOpax. HeBU3HAYEHICTh AAHWX BILIN-
HyJIa Ha HeOOXiJHICTh BUKOPUCTAHHS HEYITKOI crcTeMu, e(heKTUBHICTD SKOI 3aJeKNTh Bifl sIKOCTi i TouHocTi npasui. HediTki aBromaTn



SIK Pe3yJIbTaT KOMILIEKCYBaHHsI HEYiTKOT JIOTiKK i Teopil aBToMaTiB J03BOJIIN 06poOasaTH Oe3repepBHi KPOKK 1 MOJETIOBATH TIPUTAMaHHy
iM HeBn3HaueHicTb. /Lyt BUSHAYEHHS CTaHy KJIITHH HEYiTKOTO KJITHHHOTO aBTOMaTy Ta (hYHKILI Iepexo/y Mi’K HUMH BUKOPUCTAHO CUCTEMY
TPOAYKIINHUX TpaBmil Ta QYHKIT mpuHaizexxHocTi. CaMe HecylepeunBiCTb CHCTEMH MTPOAYKIIHHIX TTPABUJI TIPU BUKOPUCTAHHI HEYiTKOI
JIOTIKU Ji7ist TOOYI0BK KJIITHHHOTO aBTOMaTa 3a0esreuye mobyAoBy KBas3irio0alibHOrO ONTUMAIBHOTO METOAA MapIIPyTU3alil B OPiBHAHHI
3 TPAAUIIITHUMHI METOJIAMHU PO3PAXYHKY MapIIPYTy PyXy CYHA.

Kiouosi caoBa: e-Voyage, Hagiraiiiina 06cTaHOBKa, MaplIpyT, KAITHHHUN aBTOMAT, HEYiTKa JIOTIKa, OTOAHI YMOBH.
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PO3POBKA HOBOT'O AJITOPUTMY OIIHIOBAHHA EPTOHOMIYHUX PU3UKIB HA IIPUKJIAI BOJIIIB (c. 38-49)

B. A. Ilona, C. 1. Yebepsuxo, IO. I. Yeoepsauko, O. B. [lepiorin, O. O.Yenuyena, /1. B. Pesnik, E. C. Kaimos, €. €. Jlamko,
J1. B. Ilamko, B. B. Birgesa

OG’exT JOCHIKEHHS: TIPOIeC BUBHAYCHHSI Ta KEPYBaHHsI €PrOHOMIYHUMU PU3MKaMK Ha POOOUMX MICISIX IPH BUKOHAHHI podeciiiioi
JiSIBHOCTI HA MPUKJIa/i BOAIIB BaHTaKHUX aBTOMOOIIEid.

[Tpobiiema T0JIsITac y HEBM3HAYEHOCTI TP TPUIHSATTI PillieHb B CHCTEMaX YIPaBJIiHHsT Ge3MeK0I0 Mpalli Ta 3/10poBsIM TpalBHUKIB. Tinoresa
JOCTIJIZKEHHS MOJIATa)Ia B MOAKIMBOCTI OI[IHIOBAHHST €PrOHOMIYHUX PUSUKIB B CUCTEMaX YIIPaBJIiHHs OE3IEKOI0 Mpalli Opratisailiii Ha OCHOBI BUSAB-
JICHHSI 3aKOHOMIPHOCTEHT MK IHICKCOM HABAHTaKEHHsI, TUTIOBUMU POGOYMMHU TI03aMHU TIPY BUKOHAHH] Oepalliil Ta iHTEHCHBHICTIO PYXiB Cyr100iB.

P03po6J1eHo aJropuT™ OIiHIOBAHHS eProHOMIYHIX PU3KKIB, 3 ypaXyBaHHAM iHAeKCy HaBaHTaKeHH, SKUI BKJIIOYae B cebe MoCIiI0BHICTD
3 OJIMHAJIISATH KPOKIB, 110 YMOBHO MOKHA PO3/IJIMTH Ha TP rpynu. [lepia — BUsHaYeHHsT iHTECUBHOCTI pyxy cyriibiB. [[pyra — BU3HAUeHHS
BIUTMBY aKTHBHOCTI i TPHBAIOCTI BUKOHAHHST BUPOOHITIOTO 3aBAAHH. TpeTsl — BU3HAYEHHS BIUTHBY YHHHUKIB HABKOJMITHBOTO CEPEMOBHIIA.
TIpoBeieHO OIIHKY ePrOHOMIYHOTO PU3UKY BOJIIIB 3a TPhOMA BUIaMU BUPOOHIUMX POOIT: KEPYBAHHS TPAHCIIOPTHUM 3aCO00M, 3aMiHa MOIIKO-
JUKEHOTO KoJieca, PeMOHT aBToMOoO1IsA. TIpy 1iboMy B aJITOPUTMI OIIHKK €PrOHOMIYHOTO PU3HKY BPAXOBAHO HAMBIYaJIbHUN CTAH 310POB’sST
npaiiBHUKa Ta (aKTOPU HABKOJMIHBOTO CEPEIOBUIIA,a TAKOXK [MOCBIM i cTask po6oTH. BCTAHOBIIEHO, 110 NP TEXHIYHOMY 0GCIYTOBYBaHHS
aBTOMOOI/IA iICHY€ BUCOKHMH PiBEHb €PrOHOMIYHOTO PU3HKY Yepe3 HalBUIINii MOKa3HUK CyMapHOTO HaBaHTaKeHHs, sikuii Ha 30 % Oiabimwmii
y HOPIBHHI 3 iHIIMMK BUIaMK POOIT BOAITB TPAHCIIOPTHUX 3aC00iB.

[TpakTUuHe 3aCTOCYBAHHS MOJIATAE Y PO3POOII YHIBEPCAIBHOTO YEK-JIUCTA IEPEBIPKU BOAITB HA OCHOBI QJOTOPUTMY /Il BU3HAYCHHS
€ProHOMIYHOTO PU3UKY MPAIiBHUKIB Ha pOGOYNX MICIX, AKUI CKIagaeThest 3 11 Kpokis.

Ki1040Bi c10Ba: uek JIMCT, 3aXBOPIOBAHHSI OIIOPHO-PYXOBOT'0 arapary, eproHOMIYHIIA PU3UK, IHAEKC HABAHTAKEHHsT, po6oUa 103a.
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PO3POBKA METO/IY NIIBUMIEHHS BE3MEKU PYXY MIIIOXO/IB IIPU MEPETUHI 3AISHUYHUX KOJITiA
MIJIIXOM 3AMTPOBAIKEHHS IH@OPMAIIITHOT CUCTEMU 13 ®IKCOBAHNUM YACOM MOTIEPE/IKEHHA (c. 50-59)

B. B. KoBainbuyk, 0. 3. Jlecis

OG6’exTOM JI0CIKEHD € Ge3lieka pyXy MIOXOAIB IPU TIePeTHHI 3ai3HIYHUX KOJIIH Ha MIoXigHuX mepexonax. Pospobieno MeTo mij-
BUIIECHHS GE3MeKN PyXY IHIIOXO/IB MPH MEPETHHI 3A/IIBHUYHUX KO y MEKaxX MIISTHKN HAOMMKEHHS /10 3/II3HUYHOTO TIIOXITHOTO TIEPEXO/LY
TIJISIXOM 3aITPOBA/IKEHH iH(GOPMaIiiiHOi CUCTeMT MOTIepe/PKeHHS TITIOX0/IiB PO PYX MOi3/y i3 (hiKCOBAHNM YacOM TIOTIePEKEHHST.

[TpoBesieHO excriepuMeHTaIbHI BUMIPIOBAHHS MIBUKOCTI PyXOMOI'O CKJIaly Ha JiJISHI HaOIMKEeHHS 10 TiNIOXiHOTO epexosLy uepes
3armisHIuHy KoJifo. [Ipu 3mimanomy pyci Moi3/iB BCTaHOBJIEHO, 1110 HAMEHITy MIBUKICTh PyXy Majia apesuna 67,46 km/Tof, a HaliBUIILY
nacaskupebkuii moisg — 131,9 km/roz. Ipu 1boMy IMBUAKICTh BAHTAKHUX T0I3/iB KomuBasacs Bij 74 po 79 kM/roz. Taki xani norpiGui s
BU3HAYEHHS MIBUAKOCTI PYXy PYXOMOTO CKJIajly Ha JJISsIHIL HAGIMKEHHsT /10 11epeisiy, abo MepexozLy, Mo A03BOJUTh BYACHO BMUKATH CBITJIO-
3BYKOBY CHUTHAJII3AINO, KOJII PYX MIIIOX0/[a Yepe3 KO0 Oy/ie HeOe3meqHmIM.

HageneHo METONNKY PO3PaxyHKy JOBKUHH JiISHKH HAOJIMKEHHS /10 THIIOXIZHOTO MEPEXO/Ly, y 3aleKHOCTI Bijl MBUAKOCTI PyXy py-
XOMOTO CKJTaay. Beramosiero, 1o MBHUAKICTD PYXOMOTO CKJIAAY Ma€ 3HAYHWI BIIMB Ha MOBXKUHY TISTHKN Habmmokennst. [pu naiimenmmiit
BUMIPAHIN HIBUAKOCTI PyXy ApesuHn — 67,46 KM/Toj, JOBKUHA ALIAHKE HabsKeH s ckaana 317,46 M, a 1pu pyci macaKnpcbKoro moisay i3
mBuakictio 131,9 km/rox — 620,68 m.

Jlist OHOKOMIIHOT IAHKY 3a/li3HUII BCTAaHOBJIEHO (DIKCOBAHUIT yac Momepe/pKeHHs MIoxoaa Mpo HabMMKEHHs TI0I3/y 110 TIePEXOLy.
BiH € crason BeJMUNHOIO, SIKa 3aKJIA/IAEThCs B iH(OPMAILIHY cuCTeMy HOIEPesKeHHs Ha OIHOKOJIIHI [Tl i 328 HUM BMUKaTHMETbCS
KOMIJIEKCHA CBITJIO3BYKOBA CUTHaJI3allist i3 iHdopMamiiaum TabJio, 1o nonepesKyBaTuMe Toxoa po pyx 1moisay. MeTo/ miBuIieHHs
6esriexy pyxy HiMOXO/iB i3 (hiKCOBAHMM 4acOM MePe/KEHHS TII0XO0/a PO PyX M0i3/ly MOKHA BUKOPHCTOBYBATH Ha TIePei3/ax i3 mommoxis-
HUM PYXOM, SIK JTOTIOBHEHHS 10 MiZICKCTEMH Tepei3Hoi CUTHATI3AI] Ha 3a/i3HIYHOMY TPaHCHOPTi. Takosk floro MOKHA 3aCTOCOBYBATH HA
06JIAIITOBAHYX THITOXIZHUX MEPEX0/IaX Yepes 3aji3HIYHY KOJilo B ypOaHi3oBaHUX MpocTopax. [lepeBaroio 3alpoBajkeHHs TAKOTO METOLY
€ ikcoBaHMI Yac TONEPEIKEHHS MIIIOXO0/a, Y KOKHOMY KOHKPETHOMY BUIIA/IKY HAGJIMKEHHS TI0I3/1y 110 TIEPEXO/LY.

KiouoBi caoBa: 6esnexa pyxy, HHoxiani nepexozu, indopmaiiiiiia cucrema, 3aisHimdna KoJIis, pyxXoMuil cKJaj, (hikcoBanuii yac more-
PE/KEHHS.

DOL: 10.15587,/1729-4061.2024.302950
YIIOCKOHAJIEHHS] METO/IMKYA BUSHAYEHHSI [IAPAMETPIB PYXY OCIB 3 BAZIAMU 30PY I1J| YAC EBAKYAIIIT
13 3AKJIAZ(IB BUIIOi OCBITH 3 IHKJIIO3MBHIUM HABUYAHHSIM 3A JIOIIOMOTOIO CIIPOIIEHOI AHAJITUYHOT
MOJIEJII (c. 60-69)

0. B. Xunesnoii, O. I. louenxo, B. B. Koamummn, B.-II. O. IlTapxomenxo, B. I. /Tusens, A. C. Bopucosa, C. f1. BoBk

OG6’€KTOM OCTIIFKEHHSI € TTapaMeTPH PYXY 3MIIIAHUX eBaKyaIliiiHIX TIOTOKIB, /10 CKJIALY SKUX BXOJATh YYACHUKY 3 BaaMu 30py. Takumu
TapaMeTpaMy € MBUIKICTb PYXY, IIJIBHICTD Ta BiZICOTOK YYACHUKIB 3 BaJIaMU 30PY Y CKJIAJIi TOTOKY.



Bupimienns mpobiem po3paxyHKy TPUBAJIOCTI eBaKyallii HaceJIeHH s i3 3aKkIa/(iB OCBITH 3 IHKJIIO3UBHUM HaBYAHHAM € JIy’Ke aKTyaJbHUM,
OCKIJIBKM 1€l TIPOTIEC MA€ CYyTTEBY OCOOJIMBICTD, HEXapaKTEPHY /IS eBaKyallii 3 GiIbIIOCTI KUTIOBUX Ta TPOMAACHKUX Oy/IiBesb. Y Takux
3aKJaIax OCBiTH BCi 3/100yBavi OCBITH PyXalOThCsS y CKJaJi TPYI Il KOHTPOJIEM HayKOBO-TearoriqHux mpamiBHukis. 1o ocobimsicTs He
BPaXOBaHO B HOPMATUBHUX JIOKYMEHTAX, SKi 3aKPIILTIOI0Th METOIMKN PO3PAXyHKY TPUBAJIOCTI eBakyailii. OTpuMaHi aBTOpamMu 4ncJIoBi apa-
MEeTPH JI03BOJISIOTh BUPIIINTH 110 TTPOGTIEMY.

3a pegyJsbraTaMu eKCIepuMeHTy 3filicHeHo 241 3amip MBUIKOCTI Ta MIJIBHOCTI MOTOKY HA TOPU3OHTAIBHUX AiNsHKax, 204 — mix vac
ciycky cxogamu i 206 — min vac migitomy. [lisixom 1mpoBesieHHsT perpeciiiHOro aHasiizy BCTAHOBJIEHO 3aJI€3KHOCTI MK IIUMH TTapaMeTpaMi.
B pamkax excriepumenTy 6yJ10 3AiliCHEHO CIIOCTEPEKEHHS 32 OTOKaMHU i3 3MiHHUM 3HAaYeHHSAM BiICOTKOBOTO BifHOMIEH s 0Ci0 i3 OpyIIeH-
HSIM 30pY B IIOTOLl. 3aB/sIKI 1{bOMY BCTAHOBJICHO BILIUB 301JIbIIEHHS Y TIOTOL KIIBKOCTI 0Ci6 i3 MopylieHHsIM 30py Ha MIBUAKICTb PyXy Ha
PIBHUX TiISHKAX eBaKyaIlilfHIX TIJIIXiB.

AHaJti3 OTPUMaHUX Pe3yJIbTaTiB CBIUNTD, 110 NOSBA Y CKJIA/l IIOTOKY IIEPIIOr0 YYaCHUKA 3 BaJlaMK 30pY IIPU3BOANTD /10 3MEHIIICHHS IITBH/I-
KOCTi Pyxy. B momasmbiioMy 3aeskHiCTb MiXK 3HIDKEHHSIM MIBHAKOCTI Ta 301JIBIIEHHSM BiZICOTKA YIACHUKIB PYXY 3 BaJlaMH 30py € JIHIITHOIW.

OTrpuMani 3a/1e;KHOCTI MOKYTh OyTH BUKOPUCTaHI SIK BXIiHI MapaMeTpu jisi PO3paxyHKiB TPUBAJIOCTI eBaKyallii B 3aKJajax OCBITH 3 iH-
KJIIO3MBHUM HaBUAHHSIM 32 CIIPOIICHOIO AHAIITUYHOIO MOJICJLIIO Ta IAI0Th OTPUMATH MEHII BIIXUJIEHHS Bi/l pe3yJIbTaTiB, OTPUMaHUX Y Peasb-
HIX ymMoBa (3,4—25 %) MOpiBHSHO 3 YNHHOIO IHAMBIAYaIbHOIO MOZEITO (35,5-52,3 %).

KiiouoBi caioBa: 1oskeskHa Gesrieka, eBaKyailis Jiojieii, HopyIeHHs 30py, yac eBaKkyailii, iIHKJTI03UBHICTD.



