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Factors of flexibility and dynamic response to changes become
important for projects implemented under conditions of economic
and political instability, which affects the adoption of strategic de-
cisions. Therefore, processes related to the assessment of the effec-
tiveness of projects and the project portfolio as a whole, which is the
object of this study, become important.

The task addressed in this study is to increase the effectiveness
of projects by making optimal management decisions that make it
possible to achieve the set goals at minimal cost, based on relevant,
current information. The result of this study is a method for assess-
ing the effectiveness of a project portfolio. This method was devised
based on the application of the Pareto multi-criteria approach, which
would provide the opportunity to obtain a comprehensive assessment
and make management decisions in dynamics, taking into account
current priorities and constraints.

In the process of formalizing the process of assessing the effec-
tiveness of IT projects, it is important to solve the problem that boils
down to choosing the optimal alternative among a set of permissible
performance indicators. Therefore, the proposed method for assessing
the effectiveness of an IT project portfolio is characterized by the fea-
tures of definition and structuring according to efficiency criteria of
various kinds and nature.

Within the framework of the method, a model of multi-criteria
Pareto assessment of the effectiveness of an IT project portfolio has
been built. This model will provide the possibility of operational
assessment of project effectiveness and will facilitate the adoption of
strategic decisions based on the received current data.

The result of applying this method is an increase in project ef-
fectiveness by avoiding overspending of resources and losses in the
project by 7-10%, which contributes to an increase in the overall
effectiveness of the project portfolio.

Keywords: IT project portfolio, efficiency criteria, multi-criteria
assessment, Pareto-optimal solutions.
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The object of this study is hunting cartridges. The task addressed
is to determine the ballistic indicators of hunting cartridges.

The standard deviation of shot distribution on the target has been
determined, as well as the area of damage by hunting cartridges and
the probability of penetrating a duralumin plate.

The result of experimental studies has established that the maxi-
mum value of the standard deviation of shot distribution at the level
of 8-12 cm occurs with a minimum shot weight of 32 g and a mini-
mum shot diameter of 3.75 mm. In this case, the powder charge was
an average value of 1.65 g. The area of damage was simulated by using
an original software by increasing the penetration point on the target
to the size of the total equivalent diameter of the most vulnerable
elements of UAV with FPV piloting.

On a target with an equivalent diameter of 8 cm, the area of dam-
age has a maximum value of 0.45-0.5 m? when using a minimum shot
diameter of 3.75 mm. In this case, the shot weight had a maximum
value of 42 g, and the weight of the powder charge was at an average
level of 1.65 g. Therefore, a decrease in the diameter of the shot and
an increase in the weight of the shot lead to an increase in the num-
ber of elements that hit the target, which, accordingly, leads to an
increase in the area of damage.

The probability of penetrating a duralumin plate 1 mm thick
was determined as the ratio of the number of shots that pierced
the duralumin plate to the total number of hits in it. This value has
a maximum value of 0.6-0.8 rel. units at maximum values of the shot
diameter of 4.75 mm, the shot weight of 42 g, and the weight of the
powder charge of 1.71 g.

The practical significance of the research results relates to the fact
that they could be used to improve ammunition and means of defeat
for unmanned aerial vehicles (UAVs), which are controlled using FPV
piloting under combat conditions.

Keywords: hunting ammunition, powder charge, shot, area of
damage, probability of damage.

References

1. Cai, H., Zhang, K., Chen, Z., Jiang, C., Chen, Z. (2024). Video sa-
liency prediction for First-Person View UAV videos: Dataset and
benchmark. Neurocomputing, 594, 127876. https://doi.org/10.1016/
j-neucom.2024.127876

2. Hambling, D. (2024). What does Ukraine’s million-drone army
mean for the future of war? New Scientist, 261 (3475), 12. https://
doi.org/10.1016/s0262-4079(24)00150-7

3. Dafrallah, S., Akhloufi, M. (2024). Malicious UAV detection using
various modalities. Drone Systems and Applications, 12, 1-18. https://
doi.org/10.1139/dsa-2023-0049

4. Cai, H,, Song, Z., Xu, J., Xiong, Z., Xie, Y. (2022). CUDM: A Combined
UAV Detection Model Based on Video Abnormal Behavior. Sensors,
22 (23), 9469. https://doi.org/10.3390/522239469

5. Hambling, D. (2024). Drone vs drone is the new warfare. New Sci-
entist, 264 (3512), 16. https://doi.org/10.1016/s0262-4079(24)01806-2

6. Kunz, S. N., Kirchhoff, S., Eggersmann, R., Stiefel, D., Gessinger, M.,
Manthei, A. et al. (2014). Ricocheted Rifle and Shotgun Projectiles: A
Ballistic Evaluation. Journal of Testing and Evaluation, 42 (2), 1-8.
https://doi.org/10.1520/jte20130010

7. Karapirli, M., Uysal, C., Akcan, R., Aksoy, M. E. (2014). The effect of
intermediate targets on the spread of pellets from shotguns. Australian
Journal of Forensic Sciences, 47 (3), 355-362. https://doi.org/10.1080/
00450618.2014.982181

8. Kostorrizos, A., Spiliopoulou, C., Moraitis, K., Papadodima, S. (2023).
Determination of Firing Distance based on Pellet Dispersion. Aus-
tin Journal of Forensic Science and Criminology, 10 (1). https://
doi.org/10.26420/austinjforensicscicriminol.2023.1094

9. Arslan, M. M., Kar, H., Uner, B., Cetin, G. (2011). Firing Distance
Estimates with Pellet Dispersion from Shotgun with Various
Chokes: An Experimental, Comparative Study. Journal of Forensic
Sciences, 56 (4), 988-992. https://doi.org/10.1111/j.1556-4029.
2011.01761.x

10. Maitre, M., Chiaravalle, A., Horder, M., Chadwick, S., Beavis, A. (2021).
Evaluating the effect of barrel length on pellet distribution patterns
of sawn-off shotguns. Forensic Science International, 320, 110685.
https://doi.org/10.1016/j.forsciint.2021.110685



17.

18.

20.

21.

22.

23.

24.

25.

26.

. Rios, F. G., Thornton, J. I, Guarino, K. S. (1986). Multivariate
statistical analysis of shotgun pellet dispersion. Forensic Sci-
ence International, 32 (1), 21-28. https://doi.org/10.1016/0379-
0738(86)90154-4

. Kerkhoff, W., Maitimu, K., Pater, K. D. H., de Jong, M. A. (2023).
The relationship between pellet size and shotgun dispersion

patterns. Journal of Forensic Sciences, 69 (2), 461-468. https://
doi.org/10.1111/1556-4029.15427

. Szmelter, J., Leeming, D. (2006). Factors Affecting the Dispersion

of Shotgun Pellets in Short-range Combat. Journal of Battlefield
Technology, 9 (1), 9-13. Available at: https://search.informit.org/
doi/10.3316/informit.111277085967991

. Mattoo, B. N., Nabar, B. S. (1969). Evaluation of effective shot dis-

persion in buckshot patterns. Journal of Forensic Science, 14 (2),
263-269.

. Lee, I. S, Cleaver, G. B. (2017). Exclusion of the Magnus Effect as

a Mechanism for Shotgun Pellet Dispersion. SCIREA Journal of
Physics, 2 (3), 9-20. Available at: https://www.scirea.org/journal/
PaperInformation?PaperID=446

. Cakir, I, Cetin, G., Uner, H. B., Albek, E. (2003). Shot range esti-

mation based on pellet distribution in shots with a pump-action
shotgun. Forensic Science International, 132 (3), 211-215. https://
doi.org/10.1016/s0379-0738(03)00022-7

Lowry, E., Garner, K. (1996). Shotshell Ballistics for Windows.
Compton, D. J. (1996). An Experimantal and Theoretical Investigation
of Short Cloud Ballistics. London. Available at: https://discovery.ucl.
ac.uk/id/eprint/1382490/1/396689.pdf

. Russell, K. (2003). On Dynamic Non-linear Finite Element Analysis

of Bullet and Barrel Interface. 2003 NDIA Small Arms Symposium.
Available at: https://www.slideserve.com/ham/on-dynamic-non-lin-
ear-finite-element-analysis-of-bullet-and-barrel-interface

Deng, S., Sun, H. K., Chiu, C.-J, Chen, K.-C. (2014). Transient
finite element for in-bore analysis of 9 mm pistols. Applied Math-
ematical Modelling, 38 (9-10), 2673-2688. https://doi.org/10.1016/
j-apm.2013.10.071

Deng, S., Ken, T.-C., Wang, J., Wu, T.-C., Lin, C.-C. (2022). Interior bal-
listics analysis of shotgun using discrete element method. Finite El-
ements in Analysis and Design, 201, 103698. https://doi.org/10.1016/
j-finel.2021.103698

Qian, L., Chen, G. (2017). The uncertainty propagation analysis of
the projectile-barrel coupling problem. Defence Technology, 13 (4),
229-233. https://doi.org/10.1016/.dt.2017.06.005

Huang, C., Dhainaut, J.-M., Talley, J., Du, P. (2024). Incline Firing
Analysis Using ANSYS to Determine Directional Barrel Deforma-
tions. ASME 2024 Aerospace Structures, Structural Dynamics, and
Materials Conference. https://doi.org/10.1115/ssdm2024-121581
Burrard, G. T. (1950). The Modern Shotgun. Volume III: The Gun and
the Cartridge. London: Herbert Jenkins, 320.

Golub, G. A., Kukharets, S. M., Tsyvenkova, N. M., Golubenko, A. A,,
Kalenichenko, P. S. (2018). Research on a boiler furnace module ef-
fectiveness working on small fracture wastes. INMATEH-Agricultural
Engineering, 55 (2), 9-18. Available at: https://www.cabidigitallibrary.
org/doi/pdf/10.5555/20183391971

Baker, S., Epstein, J. (2025). The Ukrainian Soldier’s Best Chance
against Russia’s Advanced Unjammable Drones is as Low-Tech as
it gets. Business Insider. Available at: https://www.businessinsider.
com/ukraine-soldiers-best-chance-russia-fiber-optic-drones-shot-
guns-2025-6

27. Pugliese, D. (2024). Shotguns Versus Drones — New Methods to Deal
with Small UAVs. Available at: https://www.espritdecorps.ca/feature/
shotguns-versus-drones-new-methods-to-deal-with-small-uavs?utm_
source=chatgpt.com

28. Giorgio, O. (2025). An Old School Solution to a Very Modern Threat:
Shotguns vs Drones. TFB The Firearm Blog. Available at: https://
www.thefirearmblog.com/blog/an-old-school-solution-to-a-very-
modern-threat-shotguns-vs-drones-44817970

29. Golub, V., Kurban, V., Sedov, S., Golub, G. (2022). Classification of
Combat Wheeled Vehicles Using Cluster Analysis Methods. Ad-
vances in Military Technology, 17 (1), 5-16. https://doi.org/10.3849/
aimt.01499

DOI: 10.15587/1729-4061.2025.337913
DEVELOPMENT OF A SIMULATION MODEL OF
TRANSPORT ENTERPRISE OPERATION WHEN
CARRYING VARIOUS TYPES OF CARGO ALONG
INTERNATIONAL ROUTES (p. 25-39)

Ievgenii Lebid
National Transport University, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-1794-8060

Nataliia Luzhanska
National Transport University, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-1271-8728

Iryna Lebid
National Transport University, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-0707-4179

Alexander Mazurenko

Ukrainian State University

of Science and Technologies, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0001-5591-1790

Inesa Halona
National Transport University, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-1484-1682

Oleksii Tihov

Ukrainian State University

of Science and Technologies, Dnipro, Ukraine
ORCID: https://orcid.org/0009-0003-6193-4915

This study’s object is the process that organizes and plans the
work of a transport enterprise when transporting general, dangerous,
and oversized cargo along international roads.

The task addressed is the need to compile recommendations for
determining the required number of personnel and the duration of
rendering transport services depending on the type of cargo received
for service.

A simulation model of the work of a transport enterprise when
organizing international road transportation has been built and
implemented in the GPSS World simulation modeling automation
package. The model involves determining the duration of transport
service and planning the personnel support for a transport enterprise
according to the functional division of labor.

When building the model, the duration of the types of work
provided by specialists of the transport enterprise when transporting
general, dangerous, and oversized cargo was taken into account.

In addition, the model takes into account the probability of er-
rors and delays at each stage of service. The average duration of the




delay in the event of errors is also determined, which could make it
possible to set additional time for engaging a separate specialist to
eliminate them.

The application of the devised model in practice would allow
owners of transport enterprises to organize business processes de-
pending on the available type of rolling stock. It could also make it
possible to determine the optimal number of specialists of various
profiles required for organizing transport services for the customer.

At the same time, the duration of transport services for the de-
livery of various types of cargo will be reduced by 8-14% while the
number of specialists of the transport enterprise — by 10-15%; in turn,
the throughput will increase by 7-16%.

Keywords: transport enterprise, international transportation,
simulation model, motor vehicle.
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This study’s object is the transport and technological system of
grain supply along international routes. The issue considered is the
emergence of excess cargo weight at the junctions of various types
of transport.

The study was conducted on the basis of a constructed simula-
tion model built according to the agent and discrete-event principles.
It covers both the maximum transportation volumes in one of the
Ukraine’s oblasts in 2021 (880 thousand tons) and the forecasted indi-
cators (1-1.5 million tons per year).

The application of the model has made it possible to determine
the optimal parameters for the fleet of vehicles in a supply chain,
guided by the system criterion — minimization of the average delivery
time of one ton of grain. It was established that for transporting 1 mil-
lion tons of grain per year, the optimal composition of the transport
fleet should include 92 trucks and four railroad routes.



Patterns in the formation of excess cargo weight depending on

the estimated composition of vehicles were also determined. With
a planned transportation intensity of 1 million tons per year, reducing
the number of trucks by 12 units could lead to the accumulation of
237 thousand tons of cargo mass at transit points. Reducing the num-
ber of railroad routes by one unit would lead to the accumulation of
544 thousand tons of cargo mass, which corresponds to USD 106 million.

The proposed model makes it possible to assess the consequences
of delays in delivery, as well as the formation of excess cargo mass at
transit logistics terminals and grain elevators.

Keywords: agent simulation, intermodal transportation, excess
cargo mass, optimal working fleet.
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The object of the study is the vehicle routing.

The problem to be solved is the static plans often overload partic-
ular depots and spread delays across routes. A mixed-integer nonlin-
ear programming model is proposed to simultaneously decide depot
assignment, route construction, and departure times, with capacity
monitored across periods. The model captures non-linear, load sensi-
tive travel costs and uses adaptive tightening of feasible service inter-
vals to reduce tardiness. The model is solved via outer approximation
warm started by a pool of high-quality routes. Across realistic multi
period benchmarks, the method reduces total distribution cost and
late delivery penalties relative to single depot and static multiple de-
pot baselines. Gains are largest when demand spikes are localized at
a few depots, because cross depot reassignment and retimed depar-
tures redistribute workload without adding vehicles. Two mecha-
nisms explain the results: capacity accounting that prevents over com-
mitment at congested depots, and coordinated departure time control
that limits mid-day delay propagation. Compared with formulations
that pre generate trips or treat variability only implicitly, the proposed
approach maintains depot feasibility as demand evolves within the
horizon. Key features include joint depot assignment with departure
time decisions, period wise capacity tracking, and non-linear cost
modeling within an exact outer approximation framework compatible
with warm started metaheuristics. Practically, the approach supports
planning in e commerce, pharmaceutical, and grocery distribution
where delivery windows are tight and peaks are frequent. Numerical
results show that the model reduces total operating costs by 18%,
lowers late-delivery penalties by 27%, improves vehicle utilization
by 12%, and decreases average waiting time by 37.5% compared to
static baselines.

Keywords: dynamic multiple depot vehicle routing problem,
MINLP, time dependent demand.
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PO3POBKA METOJY OIIIHIOBAHHS EOEKTHBHOCTI IIOPT®EJIIO IPOEKTIB HA OCHOBI BATATOKPUTEPIAJILHOTO
MHIIXOAY (c. 6-14)

T. O. IIpokornieHko, €. B. Jlaucekux, [I. C. Karaes, B. O. Pyaenko, . O. IIoBoIobKUix

JI1s1 IPOEKTIB, 110 peayi3yeThCsl B yMOBaX €KOHOMIYHOI Ta MOJITUYHOI HecTabibHOCTI, BAXKJIMBOrO 3HAUeHHsS HaOyBaloTh (haKTo-
pU HYYKOCTi Ta JUHAMIiYHOIO pearyBaHHS Ha 3MiHH, 1[0 BIIMBA€ Ha IIPUUHATTS CTpaTeriuHux pimeHs. ToMy Ba)XJIMBOTO 3HAYEHHS
HaOyBalOTh IIPOLIECH IIOB’SI3aHHI 3 OI[iHIOBaHHSIM e(eKTUBHOCTI IPOEKTIB Ta MOPT(Es0 MPOEKTIB B IIJIOMY, 110 € 06’€KTOM JaHOTO
nmocaimxeHHs. IIpo6ieMoro, 10 BUpiNIyBaIach B JAHOMY JOCTi/KeHHI, € MiZBUIIeHHS e(eKTUBHOCTI IIPOEKTIB 32 PaXyHOK IMPUIHATTS
OIITHMAaJIbHUX YIIPAaBIiHCHKUX PillleHb, SKi A03BOJISIOTH JOCAITH IOCTaBIE€HUX Iisell Ipu MiHiMa/IbHUX BUTpPATaX, Ha OCHOBI aKTyaJIbHOL
noto4yHoi iHdopmarii. OTpUMaHUMU pe3yabTaTaMU JAaHOTO JOCHTI/PKEHHSI € METOJ OLIiHIOBAaHHS e(peKTUBHOCTI MOPTQEsI0 MPOEKTIB.
JlaHuii MeToz; po3po6IEHO Ha OCHOBI 3aCTOCYBaHHS 6araTOKpUTepiaJbHOTO ITigxoay 3a IlapeTo, 1m0 3a6e31eYnTh MOXKINBICTh OTPUMAaH-
HsI KOMIIJIEKCHOI OIiHKM Ta MPUHHATTA YyIPaBIiHChKUX pillleHb B JUHAMIIi 3 ypaxyBaHHAM ITOTOYHUX NPiOpUTETIB Ta 06MexkeHb. B xozi
dopmarizarii mporjecy oniHBaHHS eeKTHBHOCTI IT ITPOEKTIB BaXXTMBUM € BUPIIIEHHS 3a/1a4i, [0 3BOAATHCS [0 BUOOPY ONTUMAaIbHOI
QJIbTePHATUBU cepesi MHOXKUHU MPUITYCTUMUX MTOKAa3HUKIB edekTuBHOCTI. TOMy 3allpOIIOHOBAHUI MeTO[, OLiHIOBaHHS e(eKTHUBHOCTI
nopTdento IT MPOEKTIB XapaKTepU3YETHCS OCOOJMBOCTSIMU BH3HAUEHHS Ta CTPYKTypH3alil 3a KpuTepisiMu edeKTUBHOCTI pi3HOrO
pomy Ta xapakrepy. B paMkax mMeTozy po3po6ieHO Mojesb 6GaraToKpUTepiabHOrO OIiHIOBaHHSA 3a Ilapero edekTHBHOCTI moprdesrto
IT npoekTiB. [laHa MoJesIb 3206€3MeYNTh MOXKJIMBOCTI OIlepaTUBHOI OIiHKY e(eKTUBHOCT] IIPOEKTIB Ta CIPUSTUME PUHHSATTIO CTpaTe-
riYHUX pillleHb Ha OCHOBi OTPMMAaHUX ITOTOYHUX JJAHUX. Pe3y/IbTaTOM 3aCTOCYBAaHHS JaHOT'O METOAY € ITi/[BUIEHHS e()eKTUBHOCTI IIpo-
€KTiB 3a paxXyHOK YHUKHEHHS IepeBUTPATU pecypciB Ta BTPAT B MPOEKTi Ha 7-10%, 110 crpUsie MiABUIEHHIO 3arajJbHOI e()eKTUBHOCTI
TOPTQETIo TPOEKTIB.

Kirrouoni cioBa: roprdens IT npoekTiB, kputepii edexkruBHOCTI, 6araTokpuTepiaspHe OIiHIOBaHHS, IlapeTo-ONTHMaIbHi pillleHHs.
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BU3HAYEHHS BAJIICTUYHUX ITOKA3SHUKIB MUCJIUBCBKUX HABOIB (c. 15-24)

B. A. Toxy®6, C. II. Bicuk, I'. A. Toxy6, H. M. ITuBeHkoga, 1. B. [Iy6ok, O. B. IlIkBapcekuii, B. B. Ilimanos, O. A. Mapyc

OG6’eKTOM JOCTIi/KEHHST € MUCIUBCBKI Ha6o1. JlocimKyBaiach mpobaemMa BU3HAUEHHS 0aTiCTUYHUX MOKa3HUKIB MUCIUBCHKUX HAOOIB.

BusHaueHO cTaHAAPTHE BiXWJICHHS PO3IIOALIY Apo0y Ha MillleHi, IJI0Ia ypa)KeHHsI MUCIMBCBKUMU Ha60sIMHU Ta MMOBIpHICTb TPOGUTTS
JIFOpaJIIOMiHi€BOI IJIACTUHU.

V pesysbrati IPOBEIEHHS eKCIIepUMEeHTATbHIX JOCTiPKEHb Oy/I0 BCTAHOBJIEHO, [0 MAaKCHMaJIbHe 3HAYeHHS CTAHAAPTHOTO BiXMJIEHHS
posnoziny Apoby Ha piBHi 8-12 cM Mae Miclie Tpy MiHiMasIbHIM Basi apoby 32 r it MiHiMaIbHOMY Aiamerpi Apoby 3,75 MM. IIpu 1ibOMY 3apsif
TIOpPOXy CTAHOBHUB CepejiHe 3HaueHHs Ha piBHI 1,65 r. Iloma ypaxeHHsT MO/IeTIOBaIacs 3a J0IIOMOTOI0 IIPOrpaMu, po3po6IeHOoi aBTOpaMH,
LIUISIXOM 30iJIbIIIEHHST TOYKY ITPOGUTTSI Ha MillleHi /{0 po3MipiB cyMapHOro €KBiBaJIEHTHOTIO JliaMeTpy HaNOiIbII Bpa3/IMBUX eIeMeHTiB Bri/IA
i3 FPV misioryBanHsM. Ha MilleHi i3 eKBiBaJIEHTHUM /iaMeTpOM 8 CM IIJIOIIA YPAXKEHHsT MA€ MaKCUMaJIbHe 3HAYeHHs Ha piBHi 0,45-0,5 M2 ipu
BHUKOPHCTAHHI MiHIMaJIbHOTO AiaMmeTpa /ipoby 3,75 MM. IIpu mpoMy Bara ipo6y Masia MaKCHMaJIbHEe 3HA4eHHsS Ha PiBHI 42T, a Bara 3apsjy
TIOPOXY 3HAXOAMJIACS Ha CepeHbOMY PiBHI 1,65 r. OTxe, 3MeHIIeHHs JiiaMmeTpy Apoly Ta 36iIbIIeHHs Baru Jpo0y NPU3BOAUTH 10 301IbIIEH-
Hs KUIBKOCTI €JIEMEHTIB, 0 ypa)kaloTh MillleHb, 1[0, BiATIOBIZHO, MPU3BOAUTH [0 30iIbIIEHHS IUIOMII YPaXKeHHs. MmoBipHicTh mpo6uTTS
JIIOpAJIFOMiHi€BOI IUIACTUHU TOBLIMHOIO 1 MM BU3HAyasacs K BiIHOMIEHHS KiJIbKOCTI APOOUH, SIKi IIPOGHIIN AI0paIIOMiHi€BY TUIACTUHKY /10
3araJIbHOI KiJIbKOCTI BIydeHHs B Hel. 1]g BelMurMHa Mae MaKCHMaJsIbHE 3Ha4eHHs Ha piBHi 0,6-0,8 BifiH. 0. TP MaKCUMAaJIbHUX 3HAYEHHSX
niamerpa po6y 4,75 MM, Baru Apo0y 42 T Ta Baru 3apsiiy mopoxy 1,71 r.

ITpakTHUYHe 3HAUEHHs Pe3yJbTATiB JOCi/PKEHb II0JISITa€ B TOMY, 110 BOHU MOXKYTb OyTH BUKOPHMCTaHi JyIsl YAOCKOHAJIEHHsS HAGOIB Ta
3ac00iB ypaykeHHs Oe3ITIJIOTHUX JIiTaTbHUX armapartiB (BJIA), KkepyBaHHS SIKUMHU 37iHCHIOETBCS 3a J0IIOMOror FPV-TIiioTyBaHHS B yMOBax
6GOMOBUX [Tl

KorrouoBi cyoBa: MUCIMBCHKI HA0O01, TOPOXOBUIL 3apsif, AP0, IO YPaXKeHHs, UMOBIpHICTD ypajKeHHS.
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PO3POBKA IMITAIIITHOI MOJIEJII POBOTU TPAHCIIOPTHOT'O ITIIIPUEMCTBA IIPU IIEPEBE3EHHI PI3HUX BU/IIB
BAHTAXIB Y MDKHAPOZHOMY CIIOJIVYEHHI (c. 25-39)

€. M. JIe6inp, H. O. JIy>xkaHCBbKa, 1. I. JIe6igp, O. O. Ma3ypeHko, I. I. TaiboHa, O. I. Tiros

O6’eKTOM JOCTiPKEHHSI € TPOLieC opraHizalii Ta IIaHyBaHHS POGOTH TPAHCIOPTHOTO IMiZIIPUEMCTBA IIPU NepeBe3eHHi TeHepaJbHUX,
He(6e3IeYHNX Ta HerabapUTHUX BAaHTAXXiB aBTOMOOLIBHUM TPaHCIOPTOM y MDKHAPOJHOMY CIOJTy4YeHHi.

[Tpo6ema, 110 BUpinryBasacs, 06yMOBJIeHa ITOTPe6oI0 y po3pol1li peKoMeH/alliil 110/j0 BU3HAUYeHHs HeOOXiZHOT KiJIbKOCTi ITepcoHasty Ta
TPHUBAJIOCTI HaJJaHHS TPAHCTIIOPTHUX ITOCJIYT B 3aJIEXKHOCTI Bifi BUYy BAaHTAXXY, 1[0 HAAXOAUTH HA 0OCTyTOBYBAHHS.

Po3po6sieHo Ta peasizoBaHO iMiTaliiiHy MoziesIb POGOTH TPAHCIIOPTHOTO IiIIPUEMCTBA IIPU OpraHizalil Mi>XHAPOAHUX aBTOMOOLIBHUX
repeBe3eHb B IIaKeTi aBToMaTH3allii iMiTariiiHoro mozgesoBanHs GPSS World. Mogess nepezioadae BU3HaYEHHST TPUBAIOCTI TPAHCTIOPTHOTO
00CIIyroByBaHHS Ta IJIAHYBAHHS KaJ[pOBOTO 3a06€3IIe4e€HHS TPAHCIIOPTHOT'O iAITPUEMCTBA 32 (PyHKIIOHATBHUM PO3IOAIIOM IIpalli.

ITpu po3po6iIii MoziesTi BpaxoBaHO TPUBAJIiCTh BUKOHAHHSA BU/IB POOIT, sKi 3a6e3MedyroThcsl (paxiBLIAMU TPAHCIIOPTHOTO MiAMpUeEMCTBA
TIpH TTepeBe3eHHi reHepaTbHNX, HeGe3MMeYHNX Ta HerabapuTHHX BaHTaXKIB.



OKpiM 11bOr0, B MOZIEJTi BpaXOBaHO iMOBIpHICTh BUHUKHEHHs TIOMUJIOK Ta 3aTPUMOK Ha KOXXHOMY eTaIli o6cyroByBaHHs. Takox 1epezoa-
YEHO CEepEHIO0 TPUBAJIICTh 3aTPUMKH NTPY BUHUKHEHH]i ITOMUJIOK, 110 /I03BOJIUTh BCTAHOBUTH JI0/IJATKOBHU Yac 3alydeHHsI OKpeMoro axiBiisa
710 TX yCYHEHHSI.

3acrocyBaHHs po3po6iieHol Mojesi Ha IPAKTUI J03BOJUTH BJACHUKAM TPAHCIIOPTHUX IJIIPUEMCTB OpraHi3oByBaTH Gi3Hec-IIporecu
B 3@JIEKHOCTI Bi/l HAABHOTO TUITy PyXOMOTO CKJIa/y. Takox Iie aCTh MOXKJIMBICTh BU3HAYATH ONTHUMAJIbHY KiIbKiCTh (axiBIliB pi3HOTO ITpodi-
JT10, HEOOXiIHY /JIs1 OpraHi3aliil TpaHCIIOPTHOTO 0OC/IyTOBYBaHHS 3aMOBHHUKA.

ITpu 11bOMY TPUBAJIiCTh TPAHCIIOPTHOTO 0OCIYTOBYBaHHSA IPU JOCTABIIi Pi3HUX BU/iB BAHTa)XiB CKOPOTUThLCA Ha 8-14%, a KiJIbKicTh (axiB-
IIiB TPAHCIIOPTHOTr'O MifIIpreMcTBa Ha 10-15%, B CBOIO Yepry IPOITyCKHA CIIPOMOXKHICTh 3pocTe Ha 7-16%.

KUIro4oBi cj1oBa: TpaHCIIOPTHE MiAMPUEMCTBO, MDKHAPOAHI ITepeBe3eHH s, iMiTalliiiHa MOZIeJTb, ABTOTPAHCIIOPTHU 3aciO.
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BHU3HAYEHHA YMOB ®OPMYBAHHAA SATPHMOK Y TPAH3UTHUX IIYHKTAX IHTEPMOJIAJIBHOI'O JIAHITIOTA
IIOCTAYAHHA 3EPHOBHX (c. 40-50)

I0. B. XomeHKko, A. M. OkopokoB, B. I. Mamok, I. JI. 2XKypaseins, O. 1. IIaBjieHKO

OG6’€KTOM JIOCJTi/PKEHHS € TPAHCIIOPTHO-TEXHOJIOTIYHA CHCTeMa II0CTaYaHHs 3¢PHOBHX Y MDKHAPOAHOMY CIIOJTy4YeHHi. BupinryBasack mmpo-
6s1eMa BUHMKHEHHs] HaJJIMIIKOBOI BAHTA)XXKHOI MacH y IMMyHKTaX CTUKYBaHHS Pi3HUX BH/iB TPaHCIOPTY. JoCi/KeHHA IPOBe/ieHO Ha OCHOBI
po3po6steHoi iMiTamiitHOi MoziesTi, CTBOpEHOI 32 areHTHUM Ta JAWCKPETHO-IIOJiEBUM IPUHITUIIAMUA. BOHO OXOILTIOE SIK MAKCHMAaJIbHI 00CATH
riepeBe3eHb 2021 poKy ozHiel 3 obsacteit Ykpainu (880 THC. TOHH), TaK i IPOrHO30BaHi IMOKa3HUKY (1-1,5 MJIH TOHH Ha piK). 3acCTOCyBaHHS
MOJIeIi /03BOJINJI0 BUBHAYUTH ONTHUMAaJIbHI ITapaMeTpy IapKy TPAaHCIOPTHUX 3ac06iB y JIAaHI[I03i ITOCTavYaHHSA, KePyIOUYHUCh CUCTEMHUM KpH-
TepieM — MiHiMi3alli€l0 cepesiHbOro Yacy JOCTaBKU OJHi€l TOHHU 3epHa. BcTaHOBJIEHO, 1O /I IIepeBe3eHHd 1 MJIH TOHH 3€pHOBUX Ha pik
ONTUMAJIBHUI CKJIaJ] TPAHCIIOPTHOI'O ITapKy Ma€ BKJIIOYATH 92 BaHTaXKHi aBTOMOOLI Ta YOTHUPU 3ali3HUYHI MapiipyTy. Tako)X BU3HAYEHO
3aKOHOMIPHOCTI YTBOPEHHSI Ha/[/TUIIKOBOI BAHTA)KHOI MaCH 3aJIeXKHO BiJ] pO3paxyHKOBOTO CKJI/ly TPAaHCIIOPTHUX 3ac06iB. IIpy 3aruiaHoBaHii
iHTEHCUBHOCTI IlepeBe3eHb Y 1 MJIH TOHH Ha pik CKOPOUEHHS KiJIbKOCTi BAHTAXKHUX aBTOMOOLIIB Ha 12 OAUHUIIb IPU3Be/ie [0 HAKOIINYeHHS
237 THC. TOHH BaHTa)XXHOI MacH y TPaH3UTHMX ITyHKTaX. 3MEHIIEHHS KiJIbKOCTI 3aJli3HUYHMUX MapIIpyTiB Ha OAHY OJWHMIIO CIIPUYMHUTH
HaKOIWYeHHsI 544 THC. TOHH BaHTa)KHOI MacH, 1110 Bifnosifae $106 MyIH. 3alIpoIIOHOBAaHA MO/IeJIb J03BOJIsIE€ OLIIHIOBAaTHU HACJIiIKU 3aTPUMOK
y IIOCTa4yaHHi, a TaKOXX (hOPMyBaHHS HAJJIMIIKOBOI BaHTAXXHOI MAacH, Ha TPAaH3UTHUX JIOTICTUYHUX TepMiHajaaX i 3epHOBUX ejieBaTopax.

KUrro4oBi coBa: areHTHa CUMYJIAIis, iHTEPMOJAIBHI ITepeBe3eHHs, Ha/IMIIKOBA BAHTA)KHA Maca, ONTUMAaIbHII po6odill mapK.
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PO3POBKA ONITUMIBAIIIHHOT MOZEJII IJI1 IUHAMIYHOY MAPIIPYTU3AIII TPAHCIIOPTHHX 3ACOBIB Y KIJIBKOX
JEIO 3 YPAXYBAHHAM OBMEXXEHbB ITPOIIYCKHOI 3/TATHOCTI TA IIOIIUTY, 1110 3AJIEXKATH BIJ[ YACY (c. 51-61)

Zainal Azis, Tua Halomoan Harahap, Muliawan Firdaus, Herman Mawengkang

OG6’€KTOM AOCTiPKEHHS € MapIIpyTH3aI[isl TPAHCTIOPTHHUX 3aCO0iB.

[Tpo6Gema, Ky IOTPiGHO BUPIMINTH, MOJISTA€ B TOMY, L0 CTATUYHI IJIAHU YaCTO II€PEeBAaHTAXKYIOTh OKPEMI /IeNI0 Ta PO3IOAIIIIOTh 3a-
TPHUMKHM II0 MapUIPyTax. 3alIpOIIOHOBAHO MOZE/Ib 3MilIaHOTrO LiJIOYMCEIbHOr0 HEJIHIHOro MporpaMyBaHH /Il OHOYaCHOIO BU3HAYEHHs
MIpU3HAYeHHs Jieno, OyiBHUIITBA MapIIPyTy Ta 4Yacy BiJIIPaBJIE€HHS, 3 MOHITOPMHIOM IIPOITyCKHOI 3/IaTHOCTi IPOTATOM IepioziB. Mojesns
BpaxoBye HeJsiHiliHi, 3ayIe)XXHi Bifj HABaHTa)KeHHs, BUTPATHU Ha IIPOi3/, Ta BUKOPHCTOBYE a/IalITHBHE CKOPOUEHHSI MOXKJIMBUX iHTepBasiB 006-
CJIyTOBYBAHHS ISl 3SMEHIIIEHHS 3aTPUMOK. MOZIesTb BUPIIIYeThCS 3a OMOMOTOI0 30BHIITHBOTO HAOIMDKEHHS, 1[0 3aITyCKAETHCS MYJIOM BHCO-
KOSIKICHUX MapIuIpyTiB. ¥ peayicTUHYHUX GararonepiogHUX KOHTPOJBHUX PIiBHSIX METOJ 3MEHILYE 3arajbHi BUTPATH Ha PO3IOJLI Ta mTpadu
3a 3aTPUMKY ZOCTaBKH MOPiBHIHO 3 6a30BUMMU PiBHSMU OJHOTO JIETI0 Ta CTATUYHUX KiIBKOX Aero. Hali6impIi mepeBaru crioctepirarorbcs,
KOJIM ITiKY MOIIUTY JIOKaJIi30BaHi B KiJIBKOX /IeTI0, OCKLJIBKY Ieperpu3HaueHHs JeI0 Ta Iepepo3IoAil BiIpaBieHb 1epepo3nojiIIsSIOT po6o-
ye HaBaHTAXXeHHs 6e3 JoflaBaHHs TPAHCIIOPTHUX 3ac06iB. Pe3y/bTaTyl MOSICHIOIOTHCS IBOMa MeXaHi3MaMH: 00JI1iKOM IIPOITyCKHOI 3[JaTHOCTI,
SIKAN 3am06irae nepeBaHTaKEHHIO Ha MePeBaHTAXXEHUX JIeTI0, Ta CKOOPJMHOBAHUM KOHTPOJIEM 4acy BiATIpaByIeHHS, IKUI 0OMeXXye IOIIH-
pPEeHHA 3aTPUMKH B cepe/iuHi /iHA. IIopiBHAHO 3 GOPMY/IIOBaHHSAMU, AKi ITONIEPEAHBO FeHEPYIOTh MOI3AKH a60 BPaXOBYIOTh MiHJIMBICTb JIMIIIE
HESIBHO, 3aITPOIIOHOBAHUI IiZIXifl MiATPUMYe [OIiIBHICTD AET0, OCKIIIBKY ITOITUT PO3BUBAETHCS B MEXKaX TOPU30HTY. KurtouoBi 0co6GIMBOCTI
BKJIIOYAIOTh CITiJIbHE IIPU3HAYeHHd JIeTI0 3 PilleHHAMMU IIPO Yac BilIpaBJI€HHs, BiJICTEXKEHHS IPOIYCKHOI 3aTHOCTI 3a IepiofgaMu Ta HeJli-
HillHe MOJIEJTIOBAaHHSA BUTPAT y paMKaX TOYHOTO 30BHIIIHBOTO HAGM)KEHHS, CyMiCHOTO 3 METaeBPHUCTUKAMU TEIUIOro CTapTy. IIpakTudHo, 1eit
MiAXiA MiATPUMYye IUTaHyBaHHS B €JISKTPOHHIIT KoMepIiil, (hapMarieBTHYHIl TPOMUCIOBOCTI Ta AUCTPUOYII TPOAYKTIB XapdyBaHHS, /ie BikHa
JIOCTaBKM OOMeKeHi, a Mmiku yacTi. YMCIoBi pe3y/bTaTi IOKa3yIoTh, 1110 MOZIe/b 3MEHIIIye 3arajbHi eKCIUTyaTalliiiHi BUTpaTi Ha 18%, 3HIXKYye
mrpadu 3a 3aTPUMKY JJOCTaBKU Ha 27%, TMOKpalllye BUKOPUCTAHHS TPAHCIIOPTHUX 3ac06iB Ha 12% Ta 3MeHIIye Cepe/iHill 4ac OuiKyBaHHS Ha
37,5% TOPiBHAHO 3i CTATUYHUMU 6a30BUMU PiBHAMU.

KurrouoBi coBa: [rHaMivHAa 3a/jaua MapuIpyTHU3allii TPaHCIOPTHUX 3ac00iB y KiybKoX Aierto, MINLP, momuT, 1110 3a1eXKuTh Bifi Jacy.



