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This study’s object is the process of managing (balancing) the
load on the computing nodes in a server cluster of information sys-
tems. The task addressed is to enable optimal (even) distribution of
server resources within a cluster system.

A simulation model of the process that distributes the load on
computing nodes of a server cluster has been built, based on an
improved model of the optimal use of server resources in a cluster
based on Nash equilibrium and an improved method of adaptive load
balancing in cluster systems according to Nash equilibrium.

The simulation model has been constructed on the basis of fuzzy
logic theory to determine the feasibility of decomposing tasks into
subtasks, as well as game theory, in particular Nash equilibrium, to
determine the optimal distribution of tasks/subtasks across cluster
system servers for their parallel processing.

The model built makes it possible to improve the efficiency
(uniformity) of server resource distribution by an average of 13%
compared to the classical load management method based on Nash
equilibrium, by 61% with the Round Robin method, and by 63% with
the Least Connection method throughout the entire process of cluster
operation. This, in turn, allows for a more than 2-fold increase in the
number of processed tasks from client requests compared to the above
load balancing methods.

In addition, the impact of the load balancing process on the
processing time of tasks/subtasks by the cluster system servers
was estimated. Based on the results of simulation modeling, it can
be concluded that the application of the devised model does not
exceed the total allowable processing time (no more than 315 ms)
of tasks/subtasks from client requests compared to existing load
balancing methods.
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The object of this research is the cost recovery prediction model
of low-cost airlines. The challenge faced is the complexity of the
airline’s financial and operational patterns, which encompass spatial
and temporal interactions, making it difficult for a single prediction
model to produce accurate and stable estimates. This challenge di-
rectly impacts management’s ability to develop effective strategies,
including fare setting, fuel cost control, and flight route planning. To
address this issue, this research implements a hybrid deep learning
approach, CNN-LSTM. The CNN is used to extract spatial features
from multivariate data, while the LSTM captures long-term temporal
dependencies with a complex memory update mechanism. The inte-
gration of these two models allows for richer data pattern processing
than a single model, resulting in more accurate predictions that align
closely with actual conditions. The research interpretation indicates
that the hybrid model is able to leverage the strengths of each com-
ponent: CNN in extracting local features and LSTM in understanding
temporal dynamics. This is reflected in the prediction results, which
show a smaller deviation from the actual data compared to either
CNN or LSTM alone. Based on the test results on cost recovery data
for 14 periods, the three models CNN, LSTM, and CNN-LSTM hybrid
showed high and stable accuracy in following the actual value pat-
tern. From the first to the fourth period, all models produced results
very close to the actual value, with an average difference below 0.02.
For example, in the fourth period, the actual value of 0.88 was well
predicted by CNN (0.91), LSTM (0.886), and CNN-LSTM (0.876).
However, in the sixth to ninth periods, there was a slight decrease in
accuracy as the actual value decreased, especially in the ninth period
when the value of 0.74 was only predicted by 0.731 by CNN, 0.74 by
LSTM, and 0.732 by the hybrid model. The implementation of the
CNN-LSTM hybrid not only improves the accuracy and reliability of

cost recovery predictions but also provides strategic value for PT Lion
Mentari Airlines management, supporting more efficient and optimal
decision-making to enhance the low-cost carrier’s competitiveness.

Keywords: hybrid, CNN-LSTM, recovery prediction, low cost
carrier, deep learning, optimization.
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The object of this study is multi-aircraft landing scheduling on
single and multiple runways, which is an important aspect of modern
air traffic management systems. The main problems solved in this

research are the complexity of scheduling optimization due to limited
runway capacity, the need to maintain a safe distance between aircraft,
and the uncertainty of estimated time of arrival (ETA) which is often
influenced by external factors such as weather and air traffic density.
To overcome these challenges, this research proposes a hybrid approach
between Long short-term memory-gradient boosting with the quan-
tum annealing method. the results show that this approach is able to
significantly improve the performance of the scheduling system, with
an accuracy of 0.93, a precision of 0.91, a recall of 0.90, and an F1 score
of 0.91. These values are higher than the model without quantum
annealing, which only achieved an accuracy of 0.87, a precision of
0.85, a recall of 0.83, and an F1 score of 0.84. This improvement can be
explained by the ability of LSTM-gradient boosting to predict ETA devi-
ation more accurately, as well as the effectiveness of quantum annealing
in solving the quadratic unconstrained binary optimization (QUBO)
formulation efficiently. The unique feature of this research lies in the
application of a hybrid model that combines the power of machine
learning and quantum computing, achieving a balance between pre-
dictive accuracy and optimization efficiency. These research findings
can be applied to air traffic scheduling systems at airports with single or
multiple runways. Their implementation has the potential to improve
operational efficiency, reduce delays, and enhance flight safety through
more precise and adaptive landing time management.

Keywords: aircraft landing scheduling, LSTM-gradient, quan-
tum annealing, machine learning, optimization, ETA prediction.
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This study investigates the process of organizing the work of
a warehouse enterprise when servicing customers. The task set is to
devise recommendations for planning the staffing of a warehouse
enterprise, taking into account the duration of rendering services
to customers.

A simulation model of the work of a warehouse enterprise when
servicing customers has been built and implemented in the GPSS
World simulation modeling automation package. The model involves
determining the duration of warehouse service and determining the
required number of personnel to enable the work of the business
entity by areas of activity.

When constructing the model, the duration of the types of work
performed at individual stages of service performed by the warehouse
enterprise personnel when processing foreign trade cargo was taken
into account. In addition, the model takes into account the probability
of errors and delays in rendering warehouse services at each stage of
the business entity’s work, as well as the average delay time in the
presence of errors. This can make it possible to determine the dura-
tion of additional employment of the enterprise personnel associated
with the elimination of errors made in all types of work.

Applying the devised model in practice will allow owners of
warehouse enterprises to organize and plan activities of the business
entity when servicing customers. This will also make it possible to
determine the duration of rendering warehouse services when per-
forming foreign trade operations, taking into account the indicators
of the efficiency of specialists.

At the same time, the probability of refusal to provide warehouse
services to customers could decrease by 17% while the throughput
capacity of the enterprise would increase by 22%.

Keywords: warehouse enterprise, simulation model, logistics
chain, road transportation, personnel management.
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This study investigates a transportation-technological system that
enables raw material supply by rail to meet the needs of a metallur-
gical enterprise. The task addressed is to assess the effectiveness of

centralized use of train shipments in an extensive supply network for
the needs of metallurgical production. The hypothesis of the study
assumes that under conditions of centralized management of the
rolling stock fleet of railroad transport within an extensive supply
network, its number will be smaller than in the case of a non-cen-
tralized one. A mathematical and simulation model has been built
in the AnyLogic University Researcher environment using agent and
discrete-event approaches. The main criterion is the minimization of
the average delivery time; additional criteria are the optimal use of the
working fleet of railroad cars and train locomotives. Applying them
in combination makes it possible to optimize the working fleet of
railroad cars and locomotives, taking into account the extensiveness
of the supply network and the conditions of centralized management.

It was experimentally established that with centralized fleet
management, fluctuations and volumes of metallurgical raw material
residues at the enterprise depend on the loading rate of railroad cars
of the sending or group of railroad cars of the stepped routes. Ac-
cording to the calculated values of the determination coefficients, the
approximation by the exponential function turned out to be denser.
The variability of raw material residues decreases with a change in
the technical loading rate of the train or railroad car batch. It was
established that the difference between the standard deviation for the
train loading rate of 4000 t (o(x) = 4524.7 t) and the standard devia-
tion of 2606.5 t (o(x) = 4524.7 t) is 1918.2 t. This corresponds to 42%
of the initial value of the indicator.

The proposed approach allows for a more accurate assessment of
the need for a working fleet of railroad cars and locomotives, as well
as improves the efficiency of transportation management.

Keywords: inventory logistics, inventory fluctuations, raw ma-
terial supply, supply reliability, optimal work fleet, agent simulation.

References

1. Namazov, M., Matsiuk, V., Bulgakova, I., Nikolaienko, I., Verny-
hora, R. (2023). Agent-based simulation model of multimodal iron
ore concentrate transportation. Machinery & Energetics, 14 (1).
https://doi.org/10.31548/machinery/1.2023.46

2. Hennequin, S., Yazdani, M. A., Roy, D. (2022). Echelon Base Stock
Policy for Symbiotic and Reverse Logistic Flows. IFAC-PapersOnLine,
55 (10), 269-274. https://doi.org/10.1016/j.ifacol.2022.09.399

3. Ruiz Estrada, M. A., Koutronas, E. (2019). The multi-dimensional
ports stock inventory and logistic control graphical modelling. Pro-
cedia Computer Science, 149, 80-85. https://doi.org/10.1016/j.procs.
2019.01.110

4. Kholidasari, I., Ophiyandri, T. (2018). A Review of Human Judgment
in Stock Control System for Disaster Logistics. Procedia Engineering,
212, 1319-1325. https://doi.org/10.1016/j.proeng.2018.01.170

5. Salamian, F., Paksaz, A., Khalil Loo, B., Mousapour Mamoudan, M.,
Aghsami, M., Aghsami, A. (2024). Supply Chains Problem During
Crises: A Data-Driven Approach. Modelling, 5 (4), 2001-2039. https://
doi.org/10.3390/modelling5040104

6. Katsman, M. D., Myronenko, V. K., Matsiuk, V. L., Lapin, P. V. (2021).
Approach to Determining the Parameters of Physical Security Units
for a Critical Infrastructure Facility. Reliability: Theory & Applica-
tions, 16 (1 (61)), 71-80. https://doi.org/10.24412/1932-2321-2021-
161-71-80

7. Samsonkin, V., Goretskyi, O., Matsiuk, V., Myronenko, V., Boynik, A.,
Merkulov, V. (2019). Development of an approach for operative
control over railway transport technological safety based on the
identification of risks in the indicators of its operation. Eastern-
European Journal of Enterprise Technologies, 6 (3 (102)), 6-14.
https://doi.org/10.15587/1729-4061.2019.184162




20.

21.

. Matsiuk, V., Ilchenko, N., Pryimuk, O., Kochubei, D., Prokhorchenko, A.

(2022). Risk assessment of transport processes by agent-based simula-
tion. 13TH International Scientific Conference On Aeronautics, Auto-
motive And Railway Engineering And Technologies (BulTrans-2021),
2557, 080003. https://doi.org/10.1063/5.0105913

. Chung, W, Talluri, S., Kovacs, G. (2018). Investigating the effects of

lead-time uncertainties and safety stocks on logistical performance in
a border-crossing JIT supply chain. Computers & Industrial Engineer-
ing, 118, 440-450. https://doi.org/10.1016/j.cie.2018.03.018

. Osman, H., Azab, A., Baki, F., Gadalla, M. (2025). Stock design in

hybrid manufacturing using a constrained clustering approach.
Manufacturing Letters, 44, 253-260. https://doi.org/10.1016/j.mfglet.
2025.06.031

. Maiyar, L. M., Thakkar, J. J. (2019). Modelling and analysis of in-

termodal food grain transportation under hub disruption towards
sustainability. International Journal of Production Economics, 217,
281-297. https://doi.org/10.1016/j.ijpe.2018.07.021

. Islam, Md. M., Lingkon, Md. L. R. (2025). Rolling planning-based

closed-loop supply chain logistics model under an unstable demand
scenario. Cleaner Waste Systems, 12, 100392. https://doi.org/10.1016/
j-clwas.2025.100392

. Wang, Y., Chen, Q., Dai, B., Wang, D. (2024). Guidance and review:

Advancing mining technology for enhanced production and supply
of strategic minerals in China. Green and Smart Mining Engineering,
1 (1), 2-11. https://doi.org/10.1016/j.gsme.2024.03.005

. Turpak, S., Ostrohliad, O., Trushevsky, V., Padchenko, O. (2024).

Analysis of the Efficiency of Metallurgical Raw Material Delivery in
Universal and Specialized Wagons by Economic Criterion. Transport
Means 2024. Proceedings of the 28th International Scientific Confer-
ence. https://doi.org/10.5755/€01.2351-7034.2024.p405-410

. Anufriyeva, T., Matsiuk, V., Shramenko, N., Ilchenko, N., Pryimuk, O.,

Lebid, V. (2023). Construction of a simulation model for the transpor-
tation of perishable goods along variable routes. Eastern-European
Journal of Enterprise Technologies, 2 (4 (122)), 42-51. https://
doi.org/10.15587/1729-4061.2023.277948

. Katsman, M. D., Matsiuk, V. L., Myronenko, V. K. (2023). Modeling

the reliability of transport under extreme conditions of operation as
a queuing system with priorities. Reliability: Theory & Applications,
18 (2 (73)), 167-179. https://doi.org/10.24412/1932-2321-2023-273-
167-179

. Katsman, M. D., Matsiuk, V. 1., Myronenko, V. K. (2023). Study of the

functioning of a multicomponent and multi-phase queuing system on
the example of a vehicle repair enterprise. Reliability: Theory & Ap-
plications, 18 (3 (74)), 751-767. https://doi.org/10.24412/1932-2321-
2023-374-751-767

. Matsiuk, V. I, Myronenko, V. K., Katsman, M. D. (2021). Tekh-

nolohichna nadiinist zaliznychnykh transportnykh system. Kyiv:
TPK "Orkhideia”.

. Zaruba, O., Okorokov, A., Vernyhora, R., Zhuravel, I., Barkalova, N.

(2024). Substantiating the reliability conditions for the produc-
tion process at metallurgical enterprises through the fault-tolerant
functioning of the system "extraction of raw materials - technolog-
ical railroad routes — metallurgical production”. Eastern-European
Journal of Enterprise Technologies, 4 (3 (130)), 37-48. https://
doi.org/10.15587/1729-4061.2024.310679

Matsiuk, V., Galan, O., Prokhorchenko, A., Tverdomed, V. (2021). An
Agent-Based Simulation for Optimizing the Parameters of a Railway
Transport System. ICTERI-2021. Kherson, 121-128. Available at:
https://icteri.org/icteri-2021/proceedings/volume-1/20210121.pdf
Yaqot, M., Menezes, B. C. (2023). Integrating mineral mining and
metallurgical supply chains: a qualogistics approach. Computer

22.

23.

24,

Aided Chemical Engineering, 1759-1764. https://doi.org/10.1016/
b978-0-443-15274-0.50279-1

Matsiuk, V., Yanovska, V., Hurochkina, V., Ilchenko, N., Tvoronovych, V.
(2024). Prediction of CO2 emissions during multimodal grain
transportation. IOP Conference Series: Earth and Environmen-
tal Science, 1415 (1), 012036. https://doi.org/10.1088/1755-1315/
1415/1/012036

Wang, Y., Wu, Y., Hao, C., Hong, C. (2025). Research on the schedul-
ing in sea-rail intermodal trains based on full-length and full-occupied
strategy. Research in Transportation Business & Management, 59,
101301. https://doi.org/10.1016/j.rtbm.2025.101301

Barthelmes, L., Gorgiilii, M. E., Kiibler, J., Loffler, A., Kagerbauer, M.,
Vortisch, P. (2025). Modeling framework for the agent-based sim-
ulation of rail-based urban parcel transport: An application of
a two-stage transport chain selection model in the city of Karlsruhe,
Germany. Research in Transportation Business & Management, 59,
101306. https://doi.org/10.1016/j.rtbm.2025.101306

DOI: 10.15587/1729-4061.2025.341559

DEVISING OF A METHOD FOR ANALYSING THE
PROPAGATION SPEED OF CAR FLOWS IN A TRAIN
FORMATION PLAN BASED ON SYNCHRONISATION
THEORY IN COMPLEX NETWORKS (p. 56-67)

Andrii Kyman

Ukrainian State University

of Railway Transport, Kharkiv, Ukraine, 61050
ORCID: http://orcid.org/0000-0002-4000-3287

Andrii Prokhorchenko

Ukrainian State University

of Railway Transport, Kharkiv, Ukraine, 61050
ORCID: http://orcid.org/0000-0003-3123-5024

Artem Panchenko
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-5865-6158

Serhii Zolotarov

Ukrainian State University

of Railway Transport, Kharkiv, Ukraine, 61050
ORCID: https://orcid.org/0009-0001-5951-4589

Mykhailo Kravchenko
Kernel-Trade LLC, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0001-7445-8952

Halyna Prokhorchenko

Ukrainian State University

of Railway Transport, Kharkiv, Ukraine, 61050
ORCID: http://orcid.org/0000-0003-1158-3953

Oleksandra Orda

Kharkiv National Automobile

and Highway University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-7213-8469

This study investigates freight transportation process in the rail-

road network, which is formalized in the form of a train formation

plan (TFP) as a complex dynamic system.

To assess the dynamic properties of a freight transportation

model at the macro level of railroad system functioning, a method has
been devised for analyzing the speed of transferring railroad car flows

in the network. The proposed method reflects coordination dynamics

not through the time of physical passage of trains in the network but

through the ability of the system that organizes car flows into trains
to quickly form a coherent state. The Kuramoto model was used to



determine the speed of coordination. That has made it possible to
distinguish TFP networks.
The application of the devised method and the simulation made

it possible to compare the structural and dynamic properties of ex-
isting transportation system over the period from 2013 to 2019. The
limited ability of TFP networks to global phase integration has been
proven. It has been established that the TFP network in 2019 demon-
strated a loss of systemic coherence, which is typical of decentralized
point-to-point transportation networks. That was confirmed by cal-
culating 13°13 ~ 19.913342 and A3°'° ~ 0.497646, where the difference
between spectral gaps reached two orders of magnitude, while the
time to reach the maximum of the order parameter ry,y in 2019 was
4.07 times greater at comparable values of the order and K¢ = 6. This
indicates the transformation of the operating model from a central-
ized hub-and-spoke in 2013 to a more decentralized point-to-point
model in 2019.

A special feature of the results based on the study is that the
proposed method makes it possible to improve the quality of macro-
analysis of changes in the structural and dynamic efficiency of the
TFP network.

The scope of results practical application is the railroad industry.
Conditions for the practical implementation of the findings are the
importance of taking into account the results when analyzing oper-
ating TFPs.

Keywords: Rail freight, railroad system, car flow, formation plan,
hub-and-spoke, point-to-point, Kuramoto model.
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This study investigates the process that forms operational loads
on the electric rolling stock within a city’s underground railroad
system. The task addressed relates to the impossibility to directly
measure passenger flows on separate sections of the network because
most control systems only record passenger entry and exit events
without tracking their full route. This creates analytical gaps and
makes it impossible to accurately assess the actual load, which is crit-
ical for technical diagnostics as well as maintenance.

To solve this problem, a method for estimating passenger flows
has been devised, based on stochastic modelling of passenger move-
ment on an oriented graph of the transport network.

An approach to load estimation has been proposed, the distinc-
tive feature of which is the rejection of determining a single most
probable route for each passenger. Instead, the conditional "weight”
of a passenger is probabilistically distributed among the set of all pos-
sible routes that could lead him/her from the potential entry station
to the actual exit station within time constraints.

Method verification by simulation on a conditional network
showed high accuracy of the results (the average relative error did

not exceed 0.5%). The distribution of errors is symmetrical, close
to normal, and concentrated around zero, which indicates the
absence of systematic deviations. The accuracy is attributed to the
fact that the probability distribution makes it possible to level out
the uncertainty of the passenger’s choice of a specific route and
obtain an objective integrated assessment of the load at the level of
individual routes.

The scope of practical application of the results includes tech-
nical monitoring systems for rolling stock, adaptive repair planning,
optimization of timetables, as well as improvement of transport safety
in the context of using anonymous means of payment for travel.

Keywords: route reconstruction, subway, adaptive repair plan-
ning, optimization of timetables.
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The object of this study is the multi-depot vehicle routing prob-
lem (MDVRP), which seeks optimal vehicle routes from multiple
depots to geographically dispersed customers. The study addresses
the problem of low reliability in traditional deterministic MDVRP
models that fail to perform effectively under uncertain and disruptive
conditions such as traffic congestion, infrastructure failures, demand
fluctuations, and natural disasters. To overcome this limitation,
a resilience-based optimization model is proposed by formulating the
MDVRP with probability constraints that capture the likelihood of
disturbances affecting route feasibility. The model integrates stochas-
tic components into the routing process to balance cost minimization
with service reliability under uncertainty. Computational experi-
ments on an agro-logistics case involving five depots and twenty
customers demonstrated that the proposed model reduced expected
transportation costs by 36.4% compared with the Genetic Algorithm
approach (494 vs. 777) and maintained service continuity in 100% of
feasible scenarios with a reliability threshold of a =0.7. Moreover,
approximately 25-30% of potential routes were identified as infeasi-
ble under disturbance scenarios, validating the model’s probabilistic
filtering mechanism. These results confirm that incorporating chance
constraints and a Tabu search heuristic enhances the adaptability
and robustness of multi-depot routing systems. The developed model
can be practically applied to large-scale logistics systems, humanitar-
ian relief operations, and distribution networks operating in regions
prone to demand volatility or infrastructure disruptions, provid-
ing decision-makers with a reliable tool for sustainable and resilient
route planning.

Keywords: resilience, vehicle routing, chance constraints, sto-
chastic programming, Tabu search, logistics.
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This study examines the process that prioritizes road sections for
performing operational maintenance work to ensure compliance with
the predefined level of requirements.

The task addressed is to prioritize road sections in order to enable
long-term network maintenance. This issue is due to objective cir-
cumstances related to the existing lack of long-term financing, poor
filling of databases on the condition of roads, the need to take into
account various criteria depending on the purposes of budget alloca-
tions. Unlike similar studies, in which the basis is a simple arrange-
ment of objects by their priority, a methodological approach has been
devised that is long-term-focused and includes further optimization of
the road maintenance program.

Importantly, an analytical hierarchical process (AHP) method
was integrated into the mathematical model whose solution has been
implemented in authentic RoadRange program. In practice, it allows
road organizations to determine an effective, economically justified
long-term program for operational maintenance of roads under an
automated mode without additional costs for expensive software.

The devised methodological approach to prioritizing sections of
highways was tested using data from the Kyiv oblast (Ukraine). Based
on the calculation results, 14 sections had been identified that were
included in the potential long-term program and met relevant condi-

tions and criteria. The effectiveness of program formation was proven
by calculating the ratio of the consistency index to the repair index
that equaled 0.002, which does not exceed the limit value of 0.10.
The prospect of this study is to test the devised methodological ap-
proach at other critical infrastructure facilities and adapt it accordingly.
Keywords: analytical hierarchy process, consistency index, pri-
oritization of road sections, long-term program.
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PO3POBKA IMITAIIITHOI MOJIEJII YIIPABJIIHHA HABAHTAXKEHHAM HA OBYMCJIFOBAJIBHI BY3JIM CEPBEPHOT'O
KJIACTEPA HA OCHOBI TEOPII HEYITKO{ JIOTTKU TA PIBHOBATH HEIIIA (c. 6-17)

€. I. Hepo3Hak, O. O. Tpousko, B. B. ®ecrsoxa, /. I. BaxaH, P. O. Be1sakoB

OG’eKTOM JIOCITiZPKEHHSI € MIPOILIeC yIpaBIiHHs (6aslaHCyBaHHST) HABAHTA)KEHHSIM Ha 00YMCIIIOBAJIbHI BY3JIM CEpBEPHOro Kiactepa iHgop-
MaIiifHUX cucTeM. Y JJOCJI/PKeHH] BUPIlIyeThcs TpobiieMa 1o/i0 3a6e31edeHHsT OIITUMaIbHOTO (piBHOMIPHOT0) pO3IO/Iily CEpBEPHUX pecypciB
KJIacTepHOI cucteMu. Po3po6iieHo iMiTaniiiHy MojiesTb IIPOoIiecy po3Io/ily HaBaHTaXKEHHsI Ha 0OUMCI/IIOBAJIbHI By3JIM CEPBEPHOr0 KJlacTepa Ha
OCHOBI Y[JOCKOHAJIEHOI MOZieJIi ONITHMaJIbHOIO BUKOPDHUCTAHHS CEPBEPHMX PECypCiB KJIacTepa Ha OCHOBI piBHOBaru Hela Ta yJ0CKOHaJIEHOTO
METO/ly 3/IalITUBHOTO GaJlaHCyBaHHS HABaHTA)KEHHS B KJIACTEPHUX CUCTeMax Ha OCHOBi piBHoBarm Hema. ImiTarjiiina Mozesb moGyjoBaHa Ha
OCHOBI Teopil HeUiTKOI JIOTiKU /I BUSHAYEHHs JIOLIbHOCTI IEKOMIIO3M1iT 3aB/IaHb Ha IIii3aBJjaHHA Ta Teopii irop, 30kpema piBHoBaru Hermra
JUTsI BUSHAYEHHS ONTHMAJIBHOTO PO3IIOALTY 3aB/laHb/IIij3aBAaHb 10 cepBepaM KJIACTEPHOI CUCTeMH YISl iX IapasiesibHol 06po6ku. Po3pobieHa
MO7ieJIb J03BOJISIE MTi/[BUIIUTH e(heKTUBHICTb (PiBHOMIPHICTb) PO3IIOAiTY CEPBEPHUX pecypciB B cepefiHboMy Ha 13% y MOPiBHAHHI i3 KJTACHYHUM
METOJIOM YIIPaBTiHHS HaBaHTa)KeHHSIM Ha OCHOBI piBHOBary Hemra, Ha 61% — i3 metogom Round Robin Ta 63% - i3 meTomom Least Connection
Ha IPOTsI3i ycboro mpouecy (GyHKI[iOHyBaHHs kiactepy. Lle, y CBOIO yepry, f03BosIsie Gliblie HiXK y 2 pa3u 36LIbIINUTH KiJIBKICTh 06pOGIeHUX
3aB/jaHb CIIPUYMHEHNX KJII€HTCPKUMU 3alIUTAMHU Y TIOPiBHAHHI i3 BUIl[e3a3HaYeHUMY MeTO/laMH OalaHCYBaHHS HaBaHTa)KeHH:. Pa3oM 3 ThM,
GyJI0 IIPOBEZAEHO OLIiHKY BIUIMBY ITpoliecy GaTaHCyBaHHSI HABAHTA)XKEHHS Ha 4ac 06pOOKHY 3aB/jaHb/I1i/I3aBJaHb CEpBEPaMU KJIACTEPHOI CUCTEMH.
3a pe3ysbTaTamMu iMiTallilfHOro MoZeTIIOBaHHSI MOYKHA 3pOOUTH BUCHOBOK, 1[0 3aCTOCYBAHHS po3po6sieHoI MOoZiesIi He IepeBHUIIlye 3aralbHUHI
JIOIYCTUMMIA 9ac 06po6KH (He Giybine 315 Mc) 3aBAaHb/MiA3aBJaHb CIIPUYMHEHNX KII€EHTCHKIMHY 3aITUTaMU y TIOPiBHAHHI 3 iCHYFOYMMY MeTO-
JlaMu 6aJlaHCyBaHHSI HaBaHTa)KEHHSL.

Kurrouogi coBa: imitarniitHa Moziesib, CepBepHUIT K1acTep, ONTUMI3aIllis, yIIpaBliHHs HaBaHTAKEHHSM, CTilKiCTb.
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BITPOBA/IP)KEHHA T'TBPUHOTO ITTMBOKOT'O HABYAHHA CNN-LSTM /IJIA ITPOIT'HO3YBAHHA BIAIIIKO/YBAHHA
BUTPAT B KOHTEKCTI OIITUMIBAIII CTPATETTYHOTO YITPABJITHHA JIOYKOCT-TIEPEBI3HUKAMMU B ABIAKOMITAHIT
PT LION MENTARI (c. 18-25)

Daniel D Rumani, Willy Arafah, Kusnadi

OG’€KTOM JIOCITi/PKEHHsI € MOJesIb ITPOTHO3YBAaHHS Bi/JIIKOAYBaHHS BUTPAT JIOyKOCT-aBiakoMmaHiil. [Ipo6yiema mosArae B CKJIaJHOCTI
(iHaHCOBUX Ta omnepaniifHUX Mojiesieil aBiakoMMaHii, AKi OXOIUIIOIOTH IPOCTOPOBI Ta YacoBi B3a€MOJi, 110 YCK/IaJHIOE OTPUMAHHSA TOUHUX
Ta CTabiIbHUX OIiHOK 3a ZIOTIOMOT0I0 OfiHiel MoziesTi mporHo3yBaHHs. 15 mpo6siema 6e3rocepe/JHbO BIUIMBAE HA 3[aTHICTh KePiBHUIITBA PO3-
pobuisiTi eheKTUBHI cTpaTerii, BKJIIOYAIOYX BCTAHOBJICHHS Tapu(DiB, KOHTPOJIb BAPTOCT] MaJMBA Ta IUIAHYBAHHS MapIIPYTiB MOJILOTIB. Jst
BUpIiIIeHHH TIiel Tpo6eMU B IIbOMY JOCTi/PKEHH] 3aCTOCOBYEThCS TiOpuAHMIA Tiaxig mn6okoro HapdaHHA, CNN-LSTM. CNN BUKOPHCTOBY-
€ThCS JIJIs1 BUJIYYEHHS ITPOCTOPOBUX 03HAK 3 6araTOBUMipHUX JaHUX, ToAL sk LSTM ¢dikcye Z0BrocTpoKoBi 4acoBi 3a1€)KHOCTI 3a OIIOMOT0I0
CKJIAZIHOTO MeXaHi3My OHOBJIEHHsI IIaM sITi. [HTerpariisi ux ABOX MoZeJsIeil 103Bosise 06po6ATH OLIbII HacHueHy iH(opMarlio Ipo Mozei,
HIX OJfHa MO/IeJIb, 1[0 IPU3BOAUTS /10 TOYHIILIIHMX ITPOTHO3iB, sIKi TOYHO BiZTIOBi/Jaf0Th (haKTMYHUM yMOBaM. IHTepIIpeTaris JOC/Ti/PKeHHS 110-
Kasye, 1[0 riépuHa MoziesIb 3[aTHa BUKOPUCTOBYBAaTU CUJIbHI CTOPOHU KOXKHOTO KoMIToHeHTa: CNN y BUJIydeHH] JIoKaJIbHUX 03HaK Ta LSTM
y po3yMiHHI 4acoBoi AuHaMiKH. Lle Bijo6paxaeThbcs B pe3y/bTaTax IIPOrHO3yBaHHS, sIKi TIOKa3yI0Th MEHIIE Bi[XMJIEHHS Bifi (DaKTMIHUX AAaHNX
nopiBHsHO 3 CNN a6o LSTM oxpemo. Ha 0CHOBI pe3ysibTaTiB TeCTyBaHHSI JaHHX IIPO Bi/[IIKOAYBaHHs BUTpAT 3a 14 niepiofis, Tpu Mogesi — CNN,
LSTM Tta ri6pugaa CNN-LSTM - npoieMOHCTPYBaJIM BHUCOKY Ta CTaOL/IbHY TOYHICTB Y BiZicTeXKeHHI 3aKOHOMipHOCTI (PaKTUYHOTO 3HAUEHHS.
3 IepIoro 1o YeTBePTHil Iepiof yci MoAesTi Aay pe3ysibTaT, AyKe GJIM3bKi 10 (haKTUIHOTo 3HAYEeHHs, i3 cepeiHpOI0 pisHUIer0 MeHIIe 0,02.
Hanpuksiaz, y yeTBeproMy nepiozi akrryte 3HadeHHs 0,88 Oys10 106pe nepeoaueHo CNN (0,91), LSTM (0,886) Ta CNN-LSTM (0,876). OnHax
y IIOCTHI-/IeB’ ATHI TIepiofy criocTepirasiocss He3sHaYHE 3HIDKEHHS TOYHOCTI 3i 3MEHIIeHHSAM (DaKTUIHOTO 3HAYeHHs, 0COOIMBO Y JIeB’ATO-
My Tepiogi, kosu 3HayeHHs 0,74 Gyno nepepdadeno sume 0,731 CNN, 0,74 LSTM Ta 0,732 ri6pujHOI0 MOJe/UI0. BripoBamkeHHs ri6puza
CNN-LSTM He Ti/IbKH MiJBUIIYE TOUHICTH Ta HAJ{HHICTD TPOTHO3iB OKYITHOCTi BUTPAT, aJie if 3a6e31edye cTpaTeriqyHy iHHICTb I KepiBHU-
ursa PT Lion Mentari Airlines, nigrpuMytoun 6i1bI1 eheKTUBHE Ta OIITUMAJIbHE IPUIHATTS PillleHb AJIS MiABUIEHHS KOHKYPEHTOCIIPOMOXK-
HOCTI JIOyKOCT-TIepeBi3HUKA.

Kurrouosi coBa: ri6puj, CNN-LSTM, mporHo3yBaHHS BiIHOBJICHHS, JIOYKOCT-TIEPEBi3HUK, INTMOOKE HABYAHHS, OIITUMIi3allisl.
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OIITHUMISAIIA INTAHYBAHHA ITIOCAJOK KIVIBKOX JIITAKIB HA OCHOBI MAITMHHOT'O HABYAHHA 3 KBAHTOBHUM
BIJAITAJIOM B YMOBAX HEBU3HAYEHOCTI ITPY OJHOKPATHHX TA BATATOKPATHUX 3AXOAX (c. 26-35)

Darmeli Nasution, Donni Nasution, Okvi Nugroho, Mahardika Abdi Prawira Tanjung

OG6’eKTOM JOCITi/HKEHHS € IIJIAHyBaHHS MOCA/IKM KLTBKOX JIITaKiB HA OfHY Ta KiJIbKa 3JIITHO-ITOCAZIKOBUX CMYT, III0 € BUPIIIAIbHIM acIIeKTOM
Cy4aCHUX CHCTEM YIIPaBJiHHS MOBITPSHUM pyxoM. OCHOBHUMU ITpOGJIeMaMH, 110 BUPILIyBaIUCh, Oy/IM CKJIaJHICTh ONTUMI3allil IUIAHYBaHHS
uepe3 06Me)KeHY IPOITYCKHY 3[aTHICTh 3/IiTHO-ITOCAJKOBOI CMYyTH, HEOOXiJHICTh MiATpUMYyBaTH Ge3MeYHy AMCTAHIII0 MDK JiTakaMH Ta HEBU-
3HaYeHicTh 04iKyBaHOro yacy nmpuoyrts (OYII), Ha sIKy YacTo BIIMBAIOTH 30BHIIIHI (DaKTOPH, TaKi SIK MOTrofia Ta IIUIBHICTh ITOBITPSIHOTO PyXY.
1106 nozos1aTy 1ii Ipo6IeMH, Y IIbOMY JJOCJIi/KeHH] TPOIIOHYEThCs MiOpUaHUi mifxis MK MeTO0M I'paJiieHTHOTO ITOCHUJIEHHSI JOBIOCTPOKOBOI
KOPOTKOYACHOI ITaM’sITi Ta METOZOM KBaHTOBOTO Bi/fITasty. Pe3y/bTaTyi TOKas3yroTh, 0 el Mi/Xif 34aTHHI 3HAYHO MOKPAIUTH ITPOAYKTHBHICTD



CHICTEMU IIJTAaHYBaHHA 3 TOUHICTIO 0,93, TouHicTio 0,91, moBHOTO 0,90 Ta okasHukoM F1 0,91. I1i 3Ha4eHHs BUIIi, HiXX Y MOziesTi 63 KBaHTOBOTO
BiJiIany, sika jiocsria Jiiie To4HocTi 0,87, Tounocri 0,85, moBHoTH 0,83 Ta 1nokasHuka F1 0,84. Ile rokpalleHHs MOXKHa ITOACHUTU 3[JaTHICTIO I'pa-
JIiEHTHOTO Ti/[BUILEHHS OBroi KOPOTKOCTPOKOBOi rmam’siti (JIKIT) TouHirie mporuo3ysatu BigxuaeHHs: OUIL, a TakoX e(heKTUBHICTIO KBAHTOBOTO
Bizinasy B e(heKTHBHOMY PO3B’sI3aHHI 3a/1a4i KBa/IpaTHYHOI 6e306MexxeHo1 6iHapHOT onTiMi3allil. YHiKaJIbHOI 0COOIMBICTIO I[BOTO TOCII/PKEHHS
€ 3aCTOCYBaHHS Ii6pUHOI MOfeJIi, SIka TIOeJHYE MOXUIMBOCTI MAaIlIMHHOTO HaBYAHHSI Ta KBAHTOBUX O0UMCJIEHb, JOCSTAI0YM OaIaHCy MDK TOUHi-
CTIO IIPOTHO3YBaHH Ta e(eKTUBHICTIO orrTuMi3anii. L1i pe3ysibraty goctiKeHHS MOXKYTh GyTH 3aCTOCOBaHi 10 CUCTEM IUTAaHYBAHHS ITOBITPSTHOTO
PYXY B aeporoprax 3 OfiHi€l0 a6o KiJibKOMa 3JITHO-TIOCAJIKOBUMU CMYTaMU. 1X BIIPOBa/pPKEHHsI MA€ MOTEHIiaJl JIsi Mi[BUIIEHHS OTlepaliiHol
e(heKTHBHOCTi, 3MeHIIIEHHs 3aTPUMOK Ta ITiZIBUIIEHH: 6e3IIeKH MOJIBOTIB 3aBASKU Oi/IbII TOUHOMY Ta aAANITUBHOMY YIIPAaBJIiHHIO YaCOM ITOCAZKMU.

KurrouoBi cj10Ba: I1aHyBaHHs II0CaAKU JiiTakiB, JIKII-rpafieHT, KBaHTOBUIA BifIiasl, MalllMHHE HAaBYAHHS, OIITUMIi3allis, TporHo3yBaHHsa OYIL.
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PO3POBKA IMITAIIIMIHOT MOZJEJII POBOTH CKJIAZICHBKOTO HIAIIPUEMCTBA K JIAHKHU JIOTICTUYHOT'O
JIAHITIOTA (c. 36-45)

€. M. JIeGins, H. O. JIy>xaHcbKa, 1. I. JIe6igp, O. O. Ma3ypeHko, I. B. Muxaiintenko, C. M. Illapaii

OG’€KTOM JIOCIIi/DKEHHsI € IIpoLieC opraHizariii po60TH CKJIA/ICBKOTO ITiAIIPUEMCTBA IIPX OOCIyroBYBaHHI 3aMOBHUKIB. IIpo6ieMa, 1jo
BUpiIlyBaacs, 00yMOBJIEHa ITOTPe6OI0 ¥ pO3poO1li peKoMeHAallil 110/[0 IUTAHyBaHHSI IITATHOI YMCeJIbHOCT] IIepCOHaTy CKIaJICBKOT0 MiIIpU-
€MCTBA 3 ypaxXyBaHHsIM TPUBAJIOCTI HaJlaHH: ITOCJIYT 3aMOBHUKAM.

Po3po6sieHo Ta peaslizoBaHoO iMiTaliliHy MOZeIb POOOTH CKJIAZCHKOTO IMi[IIPUEMCTBA ITPU 0OCIyroByBaHHI 3aMOBHUKIB B ITaKeTi aBTOMa-
TH3arii imitaniitnoro mogesoBanasa GPSS World. Mozess niepes6adae BU3HAUEHHS TPUBAJIOCTI CKJIAZICHKOTO 06CTyTOBYBaHHS Ta BUZHAUEHHS
HeO0OXiIHOT KiJIbKOCTi IepcoHaTy I 3a06e31edeHHsT poO0TH Cy0 €KTY rOCIIOZAPIOBAHHS 32 HAIIPSIMKAMU JIiSJIBHOCTI.

ITpu po3po61ii Moziesi BpaXoBaHO TPUBATICTh BUKOHAHHS BUAIB POOIT 32 OKpeMUMU eTaraMy 06CIyrOBYBaHHS, sIKi 3/[iICHIOIOTHCS TIep-
COHAJIOM CKJIAJICBKOTO IiAMPUEMCTBA TIPU 00POOLIi 30BHIITHBOTOPrOBEIBHUX BaHTaXXiB. OKpiM IIbOro, B MOJieJli BpaXOBaHO iMOBipHICTh BU-
HHUKHEHHS [TOMUJIOK Ta 3aTPUMOK ITPY HaJIAHHI CKJIaZICBKUX ITOCIYT Ha KOXKHOMY eTarli po60TH Cy6’eKTa roCIioZiaproBaHHs, a TAKOXK cepeHiit
4Jac 3aTPUMKH ITPU HassBHOCT] MOMUJIOK. Ile 103BOJIMTh BU3HAUNUTH TPUBAJIICTH AOAATKOBOI 3aifHATOCT] MepCOHAITY MiAIPUEMCTBA, OB I3aHOT
3 yCYHEHHsIM JJOIYIIeHUX IOMUWJIOK 32 yciMa BUZiaMu POOiT.

3acTocyBaHHs po3po6IeHOI MOZiesTi Ha ITPaKTHIIi J03BOJIUTh BJIACHUKAM CKJIA/ICBKUX IiJIIPUEMCTB 3/1iICHIOBATH OpTaHi3aIliio i IyiaHyBaH-
HSI JIiSI7IBHOCT] Cy6’eKTa TOCIO/IapIOBAaHHS ITPH 0OCIyrOBYBAaHHI 3aMOBHUKIB. 1]e TaKOXX AaCTh MOXKJIMBICTh BUSHAUNUTH TPUBAJICTh HaJAHHS
CKJIa/ICBKUX ITOCJIYT IIPY BUKOHAHHI 30BHILIHBOTOPTOBEJILHUX OIIEpPAliiil 3 ypaxyBaHHSIM ITOKa3HUKIB e(eKTUBHOCTI pOOOTH (haxiBIiB.

IIpu npoMy iMOBIpHiCTE BiJMOBH y HaZlaHHi CKJIaJICBKUX ITOCIYT 3aMOBHHKAM 3MEHIIUTECA Ha 17%, a IPOITyCKHA CITPOMOXKHICTb MiApH-
€MCTBa 3pocTe Ha 22%.

Kurro4goBi coBa: CKIaichbKe MiATPUEMCTBO, iMiTarifiHa MoJieJTb, JIOTiCTUYHUM JIAHITIOT, aBTOMOOL/IBHI ITepeBe3eHHs], KaZjpoBe 3a0e311eUeHHs.
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OIIHKA E®EKTUBHOCTI IIEHTPAJII30BAHOT'O BUKOPUCTAHHA ITOI3HUX ®OPMYBAHbB Y PO3TAJIY>KEHIN MEPEXI
IIOCTAYAHHS /ISl METAJIVPTTIMTHOTI'O BUPOBHMIITBA (c. 46-55)

0. B. 3apy6a, A. M. OxopokoB, P. B. Bepauropa, O. I. IIpoxorra, 0. JI. XoMeHKO

OG6’eKTOM JIOCTi/PKEHHS € TPAHCIOPTHO-TEXHOJIOTiYHA CUCTeMa MOCTauYaHHs CUPOBUHU 3a/li3HUYHUM TPAHCIIOPTOM i 3a6e3MeueHHs
oTpe6 MeTaIypriliHOro miAipreMcTBa. BupinryBazack mpo6siema OIiHK! e(heKTUBHOCTI IIeHTPasli30BaHOT0 BUKOPUCTAHHS MOI3HUX BiZTIpaB-
JIeHb Y pO3Taly)KeHill Mepexxi rmoctayaHHs JyIs MoTpe6 MeTanypriifHoro BUpoGHHUITBA. IinoTesa JOCTifKeHHS — 32 YMOB LIEHTPAJIi30BaHOTO
yIIpaBJIiHHSA MApPKOM PyXOMOTO CKJIaZly 3aJi3HUYHOTO TPAHCIIOPTY Ha PO3TajyXKeHiil Mepexxi moctadyaHHs, HOro KiIbKICTh 6y/ie MEHIIO0, HiX
IIpY HelleHTpaslizoBaHOMY. Po3po6iieHo MaTeMaTHuHy Ta imitaniiiny Mogeni B cepegosuii AnyLogic University Researcher i3 3actocyBaHHsIM
AreHTHOTO Ta JIMCKPETHO-TIOAi€BOr0 MiAX0/iB. [0JIOBHUM KpUTEpieM € MiHiMi3allisd cepeJHbOI0 Yyacy J0CTaBKU, a JJOAATKOBUMU KPUTEPIAMU —
ONTUMAaJIbHE BUKOPUCTAHHS POGOYOro MAPKy BATOHIB Ta MOI3HUX JIOKOMOTHBIB. X 3aCTOCYBaHHSI y CyKyITHOCTI [J03BOJIsIE ONITUMI3yBaTH po6o-
YU MapK 3a1i3HUYHUX BaroHiB i JOKOMOTHUBIB 3 ypaxyBaHHSM pO3rajIy>K€HOCTi Mepesi TocTauaHHs Ta yMOB IIeHTPasIi30BaHOIO yIIpaBliHHS.

ExcrieprMeHTaIbHO BCTAHOBJIEHO, IIO NP IEHTPATi30BAHOMY YIIPABJIHHI TAPKOM, KOJMBAHHS i OOCSATU 3aJWINKIB METaTypriitHOI
CHPOBUHM MiJIIPUEMCTBA 3a/eXaTh Bifi HOPMU 3aBaHTa)XeHHsI BAarOHIB BifITIPaBHUIILKOIO, UM I'PYIH BAaroHiB CTYMiHYACTOTO MapUIPYTiB.
BigmoBizHO /10 po3paxoBaHUX 3HAYeHb KoedillieHTIB AeTepMiHaIil, MIiTbHIIIO BUSBUJIACS AIIPOKCUMAILisl €eKCIIOHEHIIAJIbHOIO (DYHKITIET0.
BapiaTuBHICTb 3aIMIIKIB CHPOBUHM 3HMIKYETHCS 31 3MiHOIO TEXHIYHOI HOPMH 3aBaHTAYKEHHsI CKJIA/ly 110i37ja 260 BaroHHOI maprii. BcraHoB-
JIEHO, 1110 Pi3HULIST MK CTAHJAPTHUM Bi/IXUJIEHHSIM /I HOPMU 3aBaHTa)XeHHsI 1101371a y 4000 T (o(X) = 4524,7 T) i CTaHAAPTHUM Bi[XHUJIEHHSIM
y 2606,5 T (o(x) = 4524,7 T) craHOBUTH 1918,2 T. Lle BinoBifae 42% Bij M04aTKOBOro 3HAYEHHS ITOKA3HUKA.

3anponoHOBaHUN MiJXif A03BOJIsIE GIBII TOYHO OL{HUTH NOTpe6y B poOOYOMY MApPKy BArOHIB Ta JIOKOMOTHBIB, @ TAKOX MiZBUIIUTH
e(eKTUBHICTh YITPaBIiHHS ITepeBe3eHHAMHU.

Kurrouosi ciroBa: jiorictika 3amnacis, KOJIMBaHHS 3aI1aciB, IOCTAYaHHS CUPOBMHU, Ha/[ITHICT IIOCTAYaHHS, OIITHMAJIBHUI POOOYUIi ITapK,
AreHTHA CUMYJIALis.
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PO3POBKA METO/IY AHAJII3Y IIBUJIKOCTI ITEPEJAYI BATOHOIIOTOKIB V IUTAHI ®OPMYBAHHS IIOI31B HA
OCHOBI TEOPIi CHHXPOHI3AIIII B CKJIA/THUX MEPEXAX (c. 56-67)

A. M. Kumas, A. B. IIpoxopyeHko, A. C. ITanueHko, C. A. 3os0TapboB, M. A. KpaBueHko, I'. O. IIpoxopuenko, O. O. Opga

OG6’eKTOM JIOCJIi/PKEHHs € TIpoliec IepeBe3eHb BaHTAXKIB y 3ai3HUYHIN Mepexi, 1o dopMarizoBaHuil y BUMIALL MiaHy (GopMyBaHHS
moi3zgiB (IIQII) sk cIagHOi AMHAMIYHOI cucTeMU. [Tl OI[iHKY JAWHAMIYHHUX BIACTUBOCTEH MOJEJi IepeBe3eHb BAHTaXKiB Ha MaKpOpiBHI



(yHKIiOHyBaHHS 3aJ1i3HUYHOI CHCTEMM pPO3pO6JIEHO METOJ aHaJli3y IIBUAKOCTI Iepejjadi BaroHOMOTOKIB B Mepexi. 3aIiporoHOBaHNN Me-
TOZ, BioOparkae JUHAMIKY Y3roDKeHHs He uyepe3 Jyac (i3MYHOro IMPOXOXKEHHS I0I3/IiB B Mepexi, a uepe3 3[aTHICTb CUCTeMH opraHizariii
BaroHOIOTOKIB B IT0i3/{1 IIBUAKO (OPMYBaTH KOTepEHTHU cTaH. [lJig BU3HAYEHH LIBU/IKOCTI Y3TO/pKEeHHS 3aCTOCOBAaHO Mojesb KypamoTo.
Ile 103BOIMIIO pO3pi3HATH Mepexi TTOII.

3acTocyBaHHsI PO3p0O6IEHOT0 METOAY Ta IIPOBe/IeHHSI MOZIEIIOBAHHS 103BOJINJIO TIOPiBHATH CTPYKTYPHO-AMHAMIUHI BJIACTHUBOCTI Air0401
CHCTeMH TiepeBe3eHb B epiof Mixk 2013-2019 pp. JloBeieHa o6Me)keHa 34aTHICT Mepesx [TPIT 1o ri106ampHOi a3oBoi iHTerparii. BcraHose-
HO, 1110 Mepeska ITOIT y 2019 polui IeMOHCTpYe BTPaTy CUCTEMHOI Y3TOJPKEHOCT, 1110 BJIACTUBO JELIEHTPaIi30BaHUM MEpeXKaM I1epeBe3eHb TUITY
point-to-point. Ile migrBepmKyr0Th po3paxyHku A3°13 ~ 19,913342 ta A3°° ~ 0,497646, 1€ Pi3HUL MDK CTIEKTPAJIbHUMU PO3PUBAMMU CSTAE [BA
TIOPSI/IKY, @ Yac JOCSATHEHHS MaKCUMYyMYy IapaMeTpy HMOPSIIKY Fmax Y 2019 pori y 4,07 pasy GisbIInil Ipy MOPiBHAHHUX 3HAYEHHSIX MTOPSIKY
Ta K¢ = 6. Lle cBigunTh mpo TpaHchopMaliito ornepariiinoi Mozesi Bif nentpatizoBanoi hub-and-spoke y 2013 pori 0 61kl JieIieHTpaTi3o-
BaHOI point-to-point y 2019 poui.

Oco6UBICTh OTPUMAHUX PE3y/IbTaTiB B paMKax JOCIKeHHs II0JISATae Y TOMY, 1110 3aIIPOIIOHOBAHUN MeTOZ, 103B0JIsI€ MiIBUILIUTH SIKiCTh
MaKpoaHaJIi3y 3MiHU CTPYKTypHO-AMHAMIYHOI edeKTUBHOCTI Mepexxi I1PII.

Cceporo MpaKTUYHOIO 3aCTOCYBaHHs Pe3y/IbTaTiB € 3a/i3HUYHA raTy3b. YMOBAMU IIPAKTUYHOIO 3aCTOCYBAaHHS Pe3yJIbTaTiB JOCTiPKeHHS
€ BOXJIMBICTh BpaxyBaHHsS OTPUMAHUX Pe3yJbTaTiB IIpU aHasi3i girounx ITOTI.

Kurrouosi ciroBa: Rail freight, 3ayisHnyna cucrema, BAroHoNoTiK, IutaH ¢opMmyBaHHs, hub-and-spoke, point-to-point, Mmogesns Kypamoto.
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YIOCKOHAJIEHHS KOHTPOJIIO EKCIUIVATAIIIMHUX XAPAKTEPUCTHUK EJIEKTPOPYXOMOTI'O
CKJIAZLY METPOIIOJJIITEHY HNIJIAXOM 3ACTOCYBAHHSA PETPOCIIEKTHBHOI'O METOY POSPAXYHKY
IIACAXKHUPOIIOTOKIB (c. 68-74)

I. M. CipoxuiuH, C. O. 3miii, B. O. CotHuK, O. O. Ille6ukina

O6’eKTOM JIOCTIKEeHHS € ITpoliec OopMyBaHHS eKCILTyaTal[iiiHIX HaBaHTa)KeHb Ha eJIeKTPOPYXOMUM CKJIaji MeTpOIIoJIiTeHy. BupilyeTscst
po6JieMa HEMOXKJTMBOCT] ITPSIMOT'O BUMipIOBAaHHS IIACAYKMPOITOTOKIB HA OKPEMUX JISTHKaX MepexXi uepes Te, 110 GibIIiCTh CHCTeM KOHTPOJTIO
(ikcyroTh sMIlIe Mozl BXOAy Ta BUXO[y ITaCAXKUPIB, He BificTe)KylouM MOBHUM MapuipyT. Ile cTBOpIOE aHAIITUYHI IPOraJIMHU Ta YHEMOXUIUB-
JIIOE TOUHY OIIiHKY peaJlbHOTO HaBAHTAYKEHHS, 1[0 € KPUTUIHUM /Il TEXHIUHOI /[IarHOCTUKY Ta IJTaHyBaHHS 0OC/IyrOByBaHHS.

Jlnst BupimeHHs 1iiel mpo6eMu po3po6IeHO METO/ OLiHIOBaHHS ITACa)KHPOIIOTOKIB, 1[0 I'PYHTYETHCS Ha CTOXaCTHYHOMY MOZE/TIOBAHHI
repeMillieHHs TacayKUpa Ha OpieHTOBaHOMY I'padi TpaHCIIOPTHOI Mepesxi.

3anponoHOBAHO METOJ| OLIIHKM HABAHTAYKEHHS, BiZIMIHHOIO PHCOIO IKOTO € Bi[MOBa Bi/l BUSHAYeHHS €MHOr0 HaliMOBIpPHIIIOro ILIAXY
JIIs KOYKHOTO Tacakrpa HaToMicTh, yMOBHa «Bara» raca)xupa MMOBipHICHO PO3IOZIISETHCA MiXK MHOXKWHOIO BCiX JIOIyCTUMUX MapIIPyTiB,
sIKi MOIVI TIPUBECTH HOTO Biff MOTEHIiliHOT CTaHIIi1 BXOAY 710 (PaKTUIHOI CTaHI[il BUXOZy B MeXKaX YaCOBUX OOMEKEHb.

Ampo6ariist MeToAy IUISIXOM iMiTaIliffHOro Mo/ie/II0OBaHHS Ha YMOBHIll Mepexi ImoKa3aia BUCOKY TOYHICTh OTPUMAaHUX pe3y/IbTatiB (ce-
penHsi BijHOCHA moxubKa He mepeBuinniaa 0.5%). Po3nofis moxubok € CUMeTPUIHUM, GJIM3bKUM ZI0 HOPMaJIbHOTO i 30cepe/pKeHUM Oisst
HyJIS, IO CBIAYUTH MPO BiICYTHICTh CHUCTEMAaTUYHUX BifXueHb. TOUHICTh IOSCHIOETHCS TUM, 110 WMOBIpHICHUN PO3IOALT 103BOJIsAE HiBe-
JIIOBATH HEBU3HAYEHICTh BUOOPY IMACAXKUPOM KOHKPETHOT'O IIJISIXY Ta OTPUMATU 06 €KTHBHY iHTErpOBaHY OL[iHKYy HaBaHTa)KEHHs Ha PiBHI
OKpEMMUX IIEPETOHIB.

Cdepa MpaKTUYHOTO BHUKOPUCTAHHSI PE3y/IBbTATIB OXOIUIIOE CHUCTEMH TEXHIYHOI'O MOHITOPMHIY CTAHY PYXOMOIO CKJIaJy, afalTHBHE
IUIaHyBaHHS PEMOHTIB, ONTHUMIi3aIllito rpadikiB pyxy Ta migBuleHHsI Oe3MIeKH IepeBe3eHb B YMOBAaX BUKOPUCTAHHS 3HEOCOOIeHUX 3ac00iB
OILTATU IIPOI3LY.

Kurro4oBi c1oBa: peKOHCTPYKIlis MapIIpyTiB, METPOIIOJIiTEH, a/JaiTUBHE TUIaHYBaHHS PEMOHTIB, ONTUMI3aIis rpadikiB pyxy.
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PO3POBKA MOJIEJII CTIMKOCTI JJIA 3AJIAY MAPIIPYTU3AI TPAHCIIOPTHUX 3ACOBIB HA KIJIBKOX CKJIAZIAX
3 OBMEXEHHSIMU IMOBIPHOCTI B YMOBAX 3BYPEHB (c. 75-82)

Herman Mawengkang, Intan Syahrini, Muhammad Romi Syahputra, Sutarman

OG6’eKTOM I1IbOTO JIOCJIPKEHHS € 3aJa4a MapIIpyTU3alil TPaHCIIOPTHUX 3ac06iB Ha Kibkox criazax (MDVRP), sika moJsrae B MOIIYKY
ONTUMAJIBHUX MapIIpyTiB TPAHCIIOPTHUX 3acO6iB Bif KiJIBKOX CKJIaZiB 0 reorpadiyHo po3MOAiIEHNX KITi€HTIB. JlOCaipKeHHs po3Iysigae
1po6sI1eMy HU3BKOI HaiifHOCT TpaAMIiiHUX AeTepMiHOBaHMUX Mozesieit MDVRP, siki He IIpaIforoTh e(heKTUBHO B HEBU3HAYEHUX Ta [IECTPYK-
TUBHUX yMOBaX, TaKUX SIK 3aTOPU Ha Zioporax, 3601 iHhpacTpyKTypH, KOJTMBaHHS MOMUTY Ta CTUXiiHi snxa. IIlo6 mojo1aT 1je 06MeXeHHs,
TIPOTIOHYEThCST MOZIeJIb ONITUMI3aIlil Ha OCHOBI cTiffKocTi, sika hopmyirroe MDVRP 3 06MexeHHAMU IMOBIpPHOCTI, 1110 BPaXOBYIOTh IMOBIpHICTB
MOPYILIEHb, 1[0 BIUTMBAIOTh HA JOLIBbHICTS MapuIpyTy. MOZI€/Ib iHTEerpye CTOXaCTUUHI KOMIIOHEHTH B IIPOLieC MapIIpyTU3allil, o6 36a1aHCy-
BaTH MiHiMi3allito BUTPAT 3 HAZi{HICTIO 06CITyrOBYBaHHSA B yMOBaX HeBHU3HaueHOCTi. OGUMCIIIOBA/IbHI eKCIIePUMEHTH Ha arposIoTiCTUIHOMY
BUIIA/IKY, 1110 BIUIIOYAE ITATh CKJIAJiB Ta IBaALIATh KIi€HTIB, TOKa3aJIH, 1110 3aIIPOIIOHOBAHA MOZE/Ib 3HU3M/Ia O4iKyBaHi TPaHCIIOPTHI BUTpATH
Ha 36,4% MOPIBHSIHO 3 MiZIXOZ0M FeHETUYHOTO aJIrOpuT™My (494 mpoTtu 777) Ta mifATpUMyBajia 6e3MepepBHICTb 00CIyroByBaHHs y 100% MOX-
JINBUIX CIIeHapiiB 3 moporom HajiftHoCTi ar = 0,7. Bisb1ire Toro, mpu6an3HO 25-30% MOTeHLiHHNUX MapuIpyTiB Gyl BUBHAYEHI K He3/[iiCHeHHI
3a CIieHapiiB MopyIlleHHs, 10 MiATBEPAXKYye MeXaHi3M iMoBipHicHOI dinbrparii Mogeni. Ii pe3ynbTaT MiATBEPAKYIOTD, 1110 BKIIOYEHHS 006-
Me)XeHb BUIIQ/[KOBOCTi Ta €BPUCTUKY 3a60POHEHOTO0 ITOLIYKY IMiZIBUIIYE a/JalITUBHICT Ta CTIHKICTh CHCTEM MapIIpyTH3aIliii 3 KiJibkoMa CKJIa-
amu. Po3po6JieHy Moziesib MOXKHA ITPAKTUYHO 3aCTOCYBATH /10 BEJIMKOMACIITAOHUX JIOTICTUYHUX CUCTEM, OIlepaliiil 3 Ha/JaHH I'yMaHiTapHOl
JIOTIOMOT'Hl T2 PO3MOATBYNX MEPeXK, 1[0 MPAIIOIOTh ¥ PerioHax, CXUJIbHUX ZI0 BOJATHIBHOCTI ITOMUTY a60 360iB B iH(pacTpyKTypi, Hajaouu
oco6aM, 10 TPUIMAIOTh PillleHHsI, HaZiMHUI IHCTPyMEHT /IJIS1 CTaJIOTO Ta CTiMIKOTO IIJITAaHyBaHHS MapIIPYTiB.

KurrouoBi cioBa: CTilikicTh, MapIIpyTH3allisi TPAaHCIIOPTHUX 3aC00iB, 0OMeXKEHHs BUIIaJKOBOCTI, CTOXaCTUYHE NPOrpaMyBaHHs, 3a60po-
HEHMII TIONIYK, JIOTiCTHUKA.
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PO3POBKA METOJMYHOTIO HIIXOAY 40 IPIOPUTU3ALIT JUITHOK ABTOMOBLIBLHUX JOPIT /IS BUKOHAHH
POBIT 3 EKCIUIVATAIIIITHOT'O YTPYMAHHH (c. 83-95)

A. M. Xapuenko, B. M. Iu6ynscbkuii, H. M. CokosioBa, A. 0. IlIur, O. II. Kanin, O. M. CmipHOB, A. M. CMipHOB

OG’€eKT OCIiKEHHs — ITPOIiec MPioprUTH3AILii AiITHOK aBTOMOOLIPHUX AOPIT 3 METOI0 BUKOHAHHS POOIT 3 eKCILTyaTal[iifHOTO yTPUMaHH
JIs1 3a0e3IeYeHHsT JJOTPUMaHHS 33/laHOT0 PiBHS BUMOT.

JocmimpkeHo mpo6seMy MpiopruTH3AIil JiTTHOK aBTOMOOGIIBHUX AOpIr Aus Iieil (opMyBaHHS JOBIOCTPOKOBOTO YTPUMAaHHS Mepexi.
I mpo6sieMa BUHMKJIA 4Yepe3 00’€KTHMBHI OOCTaBUHU, sIKi IOB’SI3aHi 3 HasBHUM HEZJOJIIKOM JIOBFOCTPOKOBOTO (DiHAHCYBaHHS, CIaOKUM
HAIlOBHEHHSM 0a3 JaHUX IIPO CTaH JIOpir, MoTpe6oi0 BpaxyBaHHsI Pi3HOMAHITHUX KPUTEpPiiB 3a7I€)KHO Bif Iiisell GI0PKeTHUX aCUTHYBAaHb.
Ha BigMiHY Bif aHaIOriYHUX JJOCII/KEHD, Zie OCHOBOIO € ITPOCTE YIIOPS/IKYBAaHHS 06 €KTiB 3a iX IpiopuTeToM, po3po6IeHNiT MeTOANIHHI
TiZIXiZl OpieHTOBaHMUI Ha JI0BrOCTPOKOBICTh Ta MICTUTH MOAAJIBITY ONTUMI3allif0 IporpaMu yTpUMaHHsA Jopir. IIpy IboMy B MaTeMaTUYHY
MOJIeJIb iHTETPOBAHO METOZ, AHATITUYHOTO iepapxigHoro mnporuecy (AHP), po3p’sizaHHs sIK0i peasi3oBaHO B aBTOPCHKiil mporpami RoadRange.
Ha npakrurii 1e 03BoJIsIE JOPOXKHIM OpraHizaljisiM BU3Ha4aTH e(peKTUBHY eKOHOMIYHOOGIPYHTOBaHY ZOBIOCTPOKOBY IIPOIpaMy eKCILIyaTa-
LiIfHOTO yTPUMAaHHS ZIOPir' B aBTOMATH30BaHOMY peXXUMi 6€3 ZJ0[aTKOBUX BUTPAT Ha I0pPOroBapTiCHe IMporpaMHe 3a06e3MeueHHs.

BukoHaHO arpo6ariito po3po6IeHOr0 METOAMYHOrO IiIX0AYy [0 NMpiopHUTH3alii AiITHOK aBTOMOOLIPHUX AOpIr 3a AaHuMu KuiBchKol
ob6acti (YkpaiHa). 3a pe3yJabTaTaMHU PO3paxyHKiB OysI0 BU3HAYeHO 14 [iMSHOK, ki YBIMIUIM B IOTeHLiifHYy JOBrOCTPOKOBY IIPOIpaMy Ta
33/I0BUTBHSII YMOBaM i KpUTepisM. EQeKTUBHICTb (hopMyBaHHS ITPOrpaMu /I0Be/IeHa 38 PO3PAaXyHKOM MOKA3HMKA CITiBBiTHOIIEHHS iHEKCY
TIOTO/PKEHOCTI 3 iH/IeKCOM PEMOHTYBaHH4, KUl ckyiaB 0,002, 1110 He MepeBUIllye TpaHUYHe 3Ha4eHH4 B 0,10.

ITepCHeKTUBOIO ZAHOTO JIOCTIHKEHHS € BUKOHAHHS armpo06ariii po3po6IeHOro METOAMYHOTO ITiZX0Ay Ha iHIMMX 00’€KTaX KPUTUIHOI iH(p-
pacTpyKTypu Ta HOro ajanraris.

Kurro4oBi cj1oBa: aHaTITHYHUI iepapxiuHUil ITpoliec, iHeKC MOroyKeHOCTi, TPiOpUTU3AILis AISTHOK JOPIr, JOBIOCTPOKOBA IIporpama.



