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Abstract. Problem. Today, processing points play a crucial role in the operation of supply chains. The
efficiency of such points depends on many factors, including the timeliness of logistics operations, the
cost characteristics of such services, and the regularity of vehicle arrivals. Adherence to approved
cargo processing schedules (plan-markets) and schedules for the joint operation of vehicles and
processing points is not always possible due to several objective factors. That is why this study has
sparked the authors' interest in exploring this issue. Goal. Development and justification of a
formalized approach to assessing truck waiting times at processing points across several service
stations, taking into account the stochastic nature of vehicle arrivals and the relative priorities of their
service, aimed at minimizing total time losses in supply chains. Methodology. The apparatus of
gueueing theory with relative priorities, applied to the formalized description of truck arrival and
service processes at processing points with several stations. The study is based on analytical modeling
of stochastic request flows and on the evaluation of service waiting time characteristics as a function
of arrival intensity and priority structure. Results. The analysis revealed that uneven arrival times and
stochastic vehicle servicing result in increased queues, downtime, and schedule disruptions. The
formalization of measures to minimize uncertainty involved constructing a model of a queuing system,
also known as queueing theory, which takes into account the unevenness of the input flow. Originality.
The article proposes a formalised approach to calculating the waiting time for motor vehicle service
based on relative service priority. Practical value. The results obtained are of practical importance
for optimising the operation of logistics terminals and can be implemented at enterprises in the
transport and logistics sector. The perspective for further research is to integrate the proposed
approach with enterprise process management systems for dynamic forecasting and adjustment of
cargo processing schedules in real time.
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Introduction interest to many researchers. In general, practi-
tioners identify several areas for implementing
strategies to improve the efficiency of these pro-
cesses [1-2]. Practical measures that enhance the
efficiency of servicing trucks at transshipment
points include developing maintenance sched-
ules, allocating resources effectively, and opti-
mizing workflows. These measures are designed
to save money, reduce downtime, and enhance
customer satisfaction, ultimately benefiting both
companies and consumers. In addition, the issue
of optimising resource allocation at cargo pro-
cessing points is a crucial and relevant concern
aimed at preventing the formation of ‘bottle-

In today's fast-paced world, the efficiency of
truck maintenance is crucial for ensuring the
smooth flow of goods and maintaining the com-
petitive advantage of carriers in the transport
industry. Research into vehicle maintenance
processes at cargo processing points is of great
importance, as it directly affects the overall effi-
ciency and effectiveness of logistics operations
in the supply chain. The development of optimal
strategies and methods to ensure efficient and
rapid vehicle maintenance, taking into account
the specific features of processing points, is of
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necks’ and minimising vehicle downtime at
these points. By studying these features, imple-
menting a clear service procedure, formalizing
‘protocols’ for queue behavior and resource al-
location, and optimizing truck service processes,
it is possible to ensure the smooth and efficient
operation of these points.

Analysis of publications

Today, car maintenance processes at cargo han-
dling points are described in numerous scientific
studies and publications, but the issue of formal-
izing these processes, taking into account the
stochastic nature of vehicle arrivals and the lim-
ited number of service stations, remains insuffi-
ciently explored. This issue is mainly considered
from the perspective of ensuring the efficiency
of logistics processes and optimizing the opera-
tion of transport terminals. Research into queue
formation processes, service disciplines, request
prioritization, and the impact of uneven incom-
ing flows covers various approaches to mathe-
matical modeling, service organization, and
analysis of factors determining the time vehicles
spend at cargo handling points [1].

The time vehicles spend at cargo pro-
cessing points is directly affected by queue
discipline, which is formed when all service
posts are occupied. There may be cases when
several vehicles arrive at a cargo processing
point at the same time or with a short interval,
causing a queue to form. Such vehicles can be
serviced in order of arrival (first come, first
served) or according to other priorities. The
existence of priorities in vehicle servicing at
processing points causes additional difficulties
in determining the time vehicles spend at
these points [2-4].

It should be noted that the priority of vehicle
servicing at cargo processing points is a system
that determines the order and conditions under
which vehicles gain access to cargo handling or
undergo customs/technical procedures depend-
ing on various factors, such as the importance of
the cargo, type of transport, urgency of delivery,
or other criteria. During scheduled maintenance
or infrastructure upgrades, the priority of service
at cargo processing points may be adjusted. The
cost of cargo may be a key factor in prioritisa-
tion. Goods that are of high economic im-
portance or high value may be given higher pri-
ority to ensure their timely delivery or transport.
Special cargo processing conditions related to
the requirement to comply with special storage
or transportation regimes (such as refrigeration,
isolation, or regulated processing technology)

determine its higher priority during the organi-
zation and execution of operations [5, 7]. Priori-
ty of service at cargo processing points may be
determined not only by the properties of the car-
go, but also by the characteristics of the vehicles
themselves. These may be vehicles carrying car-
go with critical delivery or loading times that
require special service: if the freight transport
has special technical characteristics or requires
specific conditions for unloading or customs
control. This may also affect the priority of ser-
vice at processing points. The form of owner-
ship of such vehicles can also be decisive in de-
termining the priority of service — for example,
hired vehicles are serviced first to avoid penal-
ties for non-compliance with the lease terms [6].

The size of the cargo batch is also decisive
for queue behaviour at processing points. Small
cargo batches can be processed more quickly
because they require less time for loading and
unloading, and can therefore be given priority
over larger cargo batches [7].

Today, scientists distinguish several disci-
plines, the most common of which are:

- FIFO (First In, First Out) — this is the most
common model, where vehicles are serviced in
order of arrival at the freight processing point.
This is suitable for situations where there are no
important priorities;

- LCFS (Last Come, First Served) — In cer-
tain situations, vehicles that arrive later may be
accepted for service before those already in the
queue, particularly if there are special require-
ments (e.g., increased urgency or emergency
conditions);

- priorities by cargo category: some cargoes
may have a specific handling sequence depend-
ing on their type or nature, regardless of their
time of arrival;

- randomised or stochastic models: in some
cases, more complex mathematical models are
used to determine priority, for example, when
the service system has to take into account
probabilistic or random factors that affect pro-
cessing time.

Therefore, the review of scientific works
highlights significant theoretical and practical
achievements in organizing vehicle servicing
at cargo processing points. However, the ab-
sence of a unified formalized approach that
thoroughly considers queue disciplines, priori-
ty mechanisms, and the multifactorial effects
on service time justifies further research in
this field and emphasizes the need for devel-
oping a comprehensive methodology to for-
malize the service process.
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Purpose and Tasks

The purpose of this study is to examine the
unevenness of vehicle arrivals, the stochastic
nature of vehicle servicing processes at pro-
cessing points, and, accordingly, the duration
of vehicle stays at such points. To achieve
this goal, it is necessary to analyse modern
methods and approaches for determining the
waiting time for service in single-channel
and multi-channel queuing systems and to
propose a formalised approach to calculating
the waiting time for motor vehicle service,
taking into account the relative priority in
these systems.

Methodology for calculating vehicle wait
times at processing points with several
stations

In general, the task of processing cargo flows is
formulated as follows: during a certain period of
time, each cargo flow (source of supply) is
characterised by its own parameters — intensity
of arrival, service time, carrying capacity of ve-
hicles, etc. At the same time, each destination
has its own requirements and characteristics, in
particular, processing capacity and number of
service posts. [8].

The criterion for efficiency is minimizing the
total time spent on both vehicle stay at the desti-
nation point and the operation of the points
themselves. Optimising this criterion directly
reduces the costs of the entire supply chain. It is
evident that with a fixed volume of material
flow arriving at the point, the number of availa-
ble mechanisms significantly impacts the total
costs associated with vehicle and mechanism
downtime [9].

Given the limited processing capacity of pro-
cessing points and the significant unevenness of
vehicle arrivals for servicing, queues of vehicles
awaiting processing are inevitable. At the same
time, the vehicles in the queue have different
technical and economic characteristics. This
means that the choice of a particular sequence of
vehicle servicing has a significant impact on the
overall costs of the process [10, 11].

In such conditions, formalising the process of
servicing cargo flows at the processing points
boils down to the task of optimising the order in
which vehicles are processed [12].

Since the technology for processing a
transport unit at the processing points does not
depend on the vehicle's position in the queue,
the cost of the service itself also does not depend
on the order in which the vehicles are processed.

Therefore, the objective function of the problem
is reduced to minimising the time lost by vehi-
cles waiting for service to begin.

Zn:Wi —>min, 1)

i=1

where W; waiting time for the start of service
for the i-th vehicle in the queue.

Therefore, it is precisely thanks to the deter-
mination of a rational sequence of services that
the total costs of processing vehicles at cargo
processing points are minimized.

The practice of servicing vehicles at pro-
cessing points also indicates the existence of
certain priorities for different cargo flows. Prior-
ity is understood as the preferential right to
choose to service requests of one class over re-
quests of other classes. Thus, vehicles arriving at
the processing points are not serviced in the
order of their chronological arrival.

Generally, when a request with a specific prior-
ity is received, the vehicle is initially placed at the
end of the queue. Before proceeding with its ser-
vicing, it is necessary to complete servicing of the
vehicle that is already at the station and whose
process has been started, serve all vehicles that
were already in the queue before the arrival of this
vehicle and service all vehicles that arrived at the
point after the vehicle under investigation during
its waiting time, but had higher priority and were
therefore serviced earlier [13].

Thus, during the waiting time for servicing
the vehicle under consideration, there is a prob-
ability that vehicles with higher priority will
arrive and be serviced before it.

To describe the process of servicing cars at
cargo processing points, it is advisable to use
gueuing system models that take into account
factors such as the number of vehicles, the num-
ber of service channels, and the nature of the
gueue. Depending on the initial conditions, the
most common models for such tasks are M/M/1
or M/M/c, where [14]:

M — Markov process, where the arrival of
cars and the time of their service are described
by an exponential distribution law).

1 or ¢ — number of service channels (for
M/M/1 this is one channel, for M/M/c — several
channels).

In this case, we consider objects that require
servicing (such as loading, unloading, or per-
forming other logistics operations) to be in de-
mand. These can be trucks with different types
of cargo arriving at the processing points. Let
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k=12,..r, )

where k — numbers of priority classes of requests
coming into the mass service system.

Then the probability distribution function of
the service time Xy of the k-th priority request
will be as follows

G, (t)=P(X, <t),t>0, (3)

Let A« — the intensity of arrival of k-th priori-
ty requests, then the load on the k-th priority
request processing system will be as follows

p= A M(X) =4 06, (1), @

where M(Xy) is the first moment of the station-
ary waiting time.

Let W; — stationary waiting time for k-th pri-
ority requests, then for the case when the total
load on the service system for all priority classes
is less than one, i.e.

p=2p <1, 5)
k=1

then we obtain the formula for the first moment
of steady-state waiting time for k-th priority
requests [15]

M (W, )=—"=

Let p=) p, - the total load of all priority
k=1

classes will exceed one. In this case, the service

channel will not be able to handle the given

flow, and the queue length will tend to infinity.

Naturally, it is necessary to add service channels

so that the load on each channel is less than one:

P, @)
m

where m — number of service channels.

The simplest approach is to divide the inten-
sities of Poisson flows of requests with different
priorities into m — number of identical service
channels.

The next incoming request, with equal prob-
ability 1 is placed in the queue and then ser-
m

viced by one of these service channels.

At the same time, the service time indicators
for priority classes will remain unchanged, and
only the intensity of requests of different priority
types will change.

Then W, [p.m] is the stationary waiting

time for k-th priority requests in a multi-
channel service system constructed in this
way and will be equal to

This formalization of the process enables the
analysis of the main numerical characteristics of
requirements with different relative priorities.

Conclusion

The process of processing cargo flows at the
processing points is a key element of the supply
chain, and its efficiency is largely determined by
the rational management of vehicle queues. The
limited processing capacity of the processing
points and the uneven arrival of vehicles inevi-
tably lead to queues, which generate additional
costs due to downtime.

Since the costs of direct servicing of a
transport unit do not depend on its position in
the queue, the main criterion for optimisation is
to minimise the total waiting time for the start of
servicing for all vehicles. It is the determination
of a rational order of processing that allows for
minimizing the total costs of servicing cargoes
at the processing points.

Practice shows that in real systems, priority
service is often applied to different cargo flows.
Priority gives preferential service rights to re-
guests of one class over others, resulting in ve-
hicles not being serviced on a first-come, first-
served basis. When priorities are in place, the
waiting time for a specific vehicle depends not
only on the vehicles already in the queue, but
also on the probability of a vehicle with a higher
priority arriving while it is waiting.

Automobile transport, Vol. 57, 2025
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Thus, formalizing and optimizing the cargo
flow service process, taking into account priori-
ties, are necessary conditions for reducing the
overall costs of the supply chain, increasing the
throughput capacity of processing points, and
improving the quality of logistics services.

Formalising the process of servicing vehicles
at cargo processing points enables the considera-
tion of priority classes of requirements and vary-
ing numbers of service channels.

In the case of a transition from a single-
channel to a multi-channel system, the intensity
of vehicle arrivals in each priority class is even-
ly distributed among several service stations,
which reduces the load on individual channels.
At the same time, changing the number of ser-
vice channels does not affect the duration of
service for these vehicles of the corresponding
priority classes, which is determined by their
properties and processing conditions.
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®opmadnizanis npouecy 006cJyroByBaHHs BAHTA-
JKHHX aBTOMOOLIIB B MyHKTAX NepepoOdKH 3 AeKi-
JIBKOMa IOCTAMH

Anomauyin. Ilpoonema. Ha cvoeooniwniti denv nyw-
Kmu nepepooku 8idizparoms 8axicIusy poib 6 (yHK-
yionyeanni Jnanyocie nocmauans. Egexmusnicmo
pobomu mMaxkux NYHKMIE 3anedicumsv 6i0 06acamvox
¢axmopie, 6 momy wucii 6i0 C6OEYACHOCMOCHI BUKO-
HAHHA JI02ICMUYHUX onepayiil, 8apmicHUX xapaxme-
PUCMUK MAaKux Rnociye i pezyiapHocmi npubymms
MpaAHcnopmuux 3acobie 00 Hux. [ompumanus 3a-
meepodiceHUx epagpikie nepepodKy 6anmadicie (Niau-
Mapkemis), epa@ixie cymicHoi pobomu mpancnopm-
HUX 3ac00i6 ma NYHKmMie nepepoOKU He 3a6iHcoU €
MOdACIUBUM Yepe3 po 06 ekmuenux gpaxmopis. Came
momy, Oaue OO0CHIONCEeHHS BUKIUKAE IHmepec asmo-
pis 00 susuenus yiei npoonemu. Meta. Pozpobra ma
00TpyHmMy8anHs Popmanizoeanoco nioxody 00 oyi-
HIOBAHHSL 4ACY OHIKYEAHHS GAHMANCHUX ABMOMOOINIE
Y NYHKmMAxX nepepooxu 3 KilbKoMa nocmamu oociy2o-
8YBAHHS 3 YPAXYBAHHAM CMOXACMUYHO20 XApaKmepy
npubymms.  mpaHCcnopmHux 3acobié i BIOHOCHUX
npiopumemis ix 00CIY208Y8AHHS, CHPIMOBAHO20 HA
MIHIMI3AYilo CyMAapHux empam yacy 8 JaHy02ax no-
cmauanb. Metonoaorisi. Anapam meopii cucmem
MAco8020 00CIY208Y8aHHS MA Meopii yepe 3 8IOHOC-
HUMU npiopumemamu, wo 3acmoco8yemuvcsi 0ist Gho-
PMani308aH020 ONUCY npoyecie npubymms ma 0o-
CY208Y6AHHSL 6AHMANCHUX ABMOMOOINIE Y NYHKMAX
nepepooxu 3 Kiibkoma nocmamu. Jocuiodicenus py-

HMYEMbCS HA AHATIIMUYHOMY MOOETIOBAHHI CIMOXAC-
MUYHUX NOMOKIE 3a5460K MA OYIHIOBAHHI XapaKxmepu-
CMUK YdcCy OYIKYBAHHS 00CIY208YEAHHSL 3ANEHCHO 6i0
[HMEHCUBHOCI HAOXOOICEHHST MA CMPYKMYpPU npio-
pumemis. Pe3yabTatn. [lposedenuii ananiz nokasas,
Wo HepisHOMIpHICMb npubymms ma Cmoxacmuy-
Hicmb 00CIY208Y8AHHS MPAHCHOPMHUX 3AC00I8 NpU-
360051Mb 00 3DOCMAHHS Yepe, NPOCMOI8 | NOPYULEHHS
epagixie. @opmanizayis 3ax00i6 w000 MiHimMizayii
HEeBU3HAUEHOCMI NPOBeOeHa WLIAXOM NoOYy008U MO-
deni cucmemu Macosoeo 00Ciy208y8anHs abo meopii
uepe 3 Ypaxy8awHAM HEPIGHOMIPHOCMI 6XiOHO20 No-
moxy OpHriHAIBHICTB. ¥V cmammi 3anpononosano
opmanizosanutl niOXio poO3PAXYHKY 4acy OYIKYEAHHsL
00CIY208Y6AHHS ABMOMPAHCROPMHUM 3ac0O0M, Oa-
3YIOUUCH HA GIOHOCHOMY npiopumemi 00CIy208y8aH-
ns. IlpakTuune 3HaYeHHs. Ompumani pezyrvmamu
Maoms npakmuune 3HaueHHs Ois onmumizayii po-
bomu n02iCMUYHUX MEPMIHANIE I MOodCymb Oymu
6NPOBAOINCEHT HA NIONPUEMCMEAX MPAHCHOPMHO-
nocicmuunoi  cpepu. Ilepcnekmueoio  nooanbuiux
00Cai0JiCeHb € IHme2payis 3anPonOHO8AHO20 NiOX00Y
3 cucmemamy YApAGiHHL npoyecamu niOnpucmcme
0Nl OUHAMIYHO20 NPOCHO3Y8AHHS MA KOPUSYBAHMHS.
epagixie pobomu nywkmie nepepooKu 6aHmaxicie y
PeanbHOMY HAci.

KurouoBi ciioBa: ganmasic, agmomodinbHuli mpamc-
nopm, nocm, npiopumem 00CIY208y68aHHSA, HYHKM
nepepooxu, yac 06Ciy208y6anHs, MEPMIiHAIL, 4ac O4i-
KVBAHHSL.
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