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This study’s object is the process that orga-
nizes and plans the work of a transport enter-
prise 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 ren-
dering transport services depending on the type
of cargo received for service.

A simulation model of the work of a trans-
port enterprise when organizing international
road transportation has been built and imple-
mented in the GPSS World simulation modeling
automation package. The model involves deter-
mining 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 errors 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 engag-
ing a separate specialist to eliminate them.

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

At the same time, the duration of trans-
port services for the delivery of various types of
cargo will be reduced by 8-14% while the num-
ber of specialists of the transport enterprise —
by 10-15%; in turn, the throughput will increase
by 7-16%
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1. Introduction

The effectiveness of foreign trade operations largely de-
pends on the implementation of organizational, managerial,
technical, and technological measures related to the trans-
portation of goods. The key characteristics of the transport
process are provided by the main and auxiliary personnel
of the transport enterprise, which must perform all types of
work in a timely and high-quality manner. Most employers in
this field of activity are faced with a shortage of qualified spe-
cialists in the labor market. Lack of experience or narrow spe-
cialization of the employee can cause delays or errors in the
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provision of services to the customer, which will negatively af-
fect the reputation of the enterprise. Since the issue of staffing
transport enterprises is quite relevant under the conditions
of competition among business entities, it is advisable to use
modern approaches to study it with the aim of improvement.

Practical experience of transport enterprises shows that
the service of different types of cargo may differ in terms of
efficiency indicators for both the contractor and the customer.
The main differences in transport service are in documentary
support, preparation of rolling stock, and transportation tech-
nology. On the part of the contractor, the key characteristics of
the work are the available type of rolling stock, which limits




the range of goods that it can transport. The qualification of
the company’s management personnel is confirmed by the
ability to promptly process the customer’s request without
significant differences in the duration of the work and the
absence of errors in the service. In turn, the performance of
auxiliary work requires the necessary number of specialists
who will provide timely and high-quality services.

When forming a request for service to transport com-
panies, customers are interested in cooperation with the
organization of delivery of goods in compliance with the re-
quirements for transportation, the performance of all types of
work in the shortest possible time at an acceptable cost of ser-
vices. Therefore, the establishment of long-term partnerships
depends on the efficiency of the carrier’s work in compari-
son with competing organizations. An individual transport
company, organizing its activities, independently forms the
number of staff, its qualitative and quantitative composition,
the type and number of vehicles, its carrying capacity and
chooses the main directions of transportation. Depending on
the demand by regular customers, management may choose
different strategies for making management decisions regard-
ing changes in personnel and material and technical support.

Scientific research on improving organizational and man-
agerial measures in the activities of transport enterprises
when transporting various types of cargo is relevant when
planning all stages of service. Companies can achieve compet-
itive advantages in the international transportation market by
optimizing production processes using modern software pack-
ages capable of performing current analysis of performance
indicators for all types of work.

Practical implementation of such results will make it pos-
sible to plan the work of transport enterprises taking into ac-
count the demand for transportation of individual categories
of cargo, the duration of their service, and the availability of
a sufficient number of personnel for work. In addition, it
will be possible to determine the required number of spe-
cialists and vehicles for servicing various categories of cargo.
Research on the current state of the enterprise will provide
the opportunity to identify shortcomings in the activities and
eliminate them to improve service for future periods.

2. Literature review and problem statement

In[1] it is noted that conducting economic activities
in the field of transport requires the coordination of many
factors at the same time. Planning and implementation of
transport processes require extensive knowledge of the stages
and procedures associated with the movement of goods along
international routes. The results of the research make it possi-
ble to reduce delivery time and decrease transport costs when
transporting goods along international routes. At the same
time, the study does not use simulation modeling and does
not consider the process of preparing the carrier for the trip.

In [2], it is also indicated that the transport process con-
sists of many stages, at which many obstacles and problems
may arise, therefore, persons responsible for various stages
must closely monitor them. Therefore, to ensure the efficien-
cy of the transport process, it must be properly coordinated.
The work identified the main problems that arise in the
organization of transport processes, developed schemes for
organizing the transport process when transporting goods
along international routes. However, the study does not use
simulation modeling and does not consider the processes

that occur at a transport enterprise during the organization of
cargo transportation.

In work [3], attention focuses on the fact that road trans-
port enterprises should constantly pay attention to increasing
the efficiency of providing transport services, in accordance
with the requirements and expectations of consumers. The
enterprise should devise a system for assessing the quality
and efficiency of the functioning of the transport system
and present a procedure for improving production processes.
The paper gives a mathematical model for a comprehensive
assessment of the transport service production process. This
model does not apply to simulation models, in addition, the
cited paper does not consider the organization of the work
of a transport enterprise when transporting various types of
cargo along international routes.

In [4], a study was carried out, the purpose of which was
to evaluate the operation process and determine the impact
of important technical and operational variables on the eco-
nomic efficiency of vehicle operation process. To this end, the
indicator method and a multifactor regression model were
used. The paper is relevant since the problems of vehicle op-
eration efficiency are important for transport companies. In it,
the authors focus on local networks, which are important for
the last mile of delivery. Thus, the method and model devel-
oped in the paper cannot be used to build a simulation model
of the operation of a transport enterprise when transporting
various types of cargo along international routes.

Transportation of each type of cargo (dangerous, over-
sized, perishable) requires different types of preparatory
work. For example, in [5] it is noted that the transportation of
dangerous goods requires careful planning, strict rules, and
special processing procedures for analyzing potential hazards
and assessing the level of transportation risk. In the work,
a method for assessing the risk of transporting dangerous
goods using a multi-agent system was proposed and simulat-
ed, which displays the location, trajectory of the truck, and
the impact zone in the event of an accident during simulation.
The presented model does not make it possible to simulate
and study the processes that occur in the transport company
during the carrier’s preparatory work.

Simulation models (SMs) are the most effective tool for
analyzing transport processes and systems, which makes it
possible to solve a wide range of tasks in the field of their
management. As noted in [6], simulation modeling provides an
opportunity to study logistics technologies. Using IM to model
the existing process, it is possible to choose the optimal logistics
technology that meets all the requirements necessary for the
organization of freight transportation. At the same time, in the
presented SM, the authors did not take into account the impact
of specificity in the preparation of different types of cargo on
the organization of transportation along international routes.

In work [7], several models were built that optimize
delivery routes based on time, distance, and total cost. How-
ever, these models are constructed for local networks and for
optimizing the delivery of the "last mile” and cannot be used
in modeling freight transportation along international routes.
In addition, the devised models do not provide an opportunity
to study the work of a transport enterprise in organizing the
transportation process.

In [8], attention is drawn to the fact that in transport com-
panies, vehicle route planning and vehicle loading are man-
aged separately, despite the fact that these actions are inter-
connected. This forces routes or loading plans to be changed
quite often to allow for their coordination. The authors



propose a certain algorithm that jointly solves the problem
and automates the delivery process, which significantly in-
creases the efficiency of logistics operations. However, this
algorithm does not provide for its application for organizing
international transportation and does not take into account
the need to perform certain preparatory operations for differ-
ent types of cargo.

In [9], a combination of simulation modeling and opti-
mization is proposed, which makes it possible to take into
account both planned and unforeseen events when managing
multimodal transportation. The work focuses on the Euro-
pean transport network and does not consider the specificity
of international transportation. In addition, the simulation
model built does not allow for the specificity of transporting
different types of cargo.

In [10], a simulation of transport processes in a transport
company was performed using business process modeling
tools and methodology. Specialized software was used to
simulate the transport process in order to identify the main
problems that arise during the organization of cargo transpor-
tation. This approach cannot be used for simulation modeling
due to the impossibility of taking into account the specificity
of organizing transportation along international routes.

In [11], a comprehensive model for assessing the effective-
ness of the functioning of logistics activities of road transport
enterprises was constructed. This model can be used in the
operational management of logistics activities of road trans-
port enterprises to assess the effectiveness of decisions made.
This model cannot be used to study the work of a transport
enterprise when transporting various types of cargo because
it does not take into account the specificity of the implemen-
tation of preparatory operations.

In [12], a SM of the work of a freight forwarding company
in organizing multimodal cargo transportation was built. The
model makes it possible to study and optimize individual pa-
rameters of a transport company, such as the duration of ser-
vice provision and the number of specialists in the transpor-
tation department. At the same time, in the presented SM, the
authors did not take into account the specificity of organizing
preparatory work for transporting different types of cargo.

Organizing the transportation of different types of cargo
(dangerous, oversized, perishable, general, groupage) requires
the implementation of certain specific organizational, mana-
gerial, technical, and technological measures in preparation
for the trip. The duration of these activities can significantly
affect the efficiency of organizing the transport process, es-
pecially in international transportation. Therefore, there is
a need to build a SM of the work of a transport company,
which would make it possible to perform such studies.

Our review of related literature shows that existing studies
cover individual aspects of organizing transport processes but
do not take into account the key factors necessary for mod-
eling the work of a transport company under international
transportation conditions. In particular, there are no models
that would simultaneously combine modeling of internal
processes of the enterprise, the specificity of preparation for
the trip depending on the type of cargo, requirements for tech-
nical and technological support. Some works are focused on
optimizing certain stages but do not provide a holistic reflec-
tion of the process of organizing transportation along inter-
national routes. Thus, the problem of constructing a SM that
would make it possible to optimize the work of a transport
enterprise taking into account the types of cargo, necessary
preparatory operations, as well as the impact of these factors

on the efficiency of transportation, remains unresolved. This
is the problem that predetermines the expediency of conduct-
ing further research.

3. The aim and objectives of the study

The purpose of our work is to build a simulation model of
the process of rendering transport services when organizing
international transportation of hazardous, oversized, and gen-
eral cargoes, taking into account the time characteristics of
the studied stages of work by transport enterprise specialists.
This would make it possible:

-to provide recommendations to the management of
transport enterprises on the effectiveness of customer service
when organizing transportation of hazardous, oversized, and
general cargoes;

—-to plan the duration of organizational measures by
transport enterprise specialists depending on the type of cargo
to be transported;

-to plan the staff number of transport enterprise spe-
cialists necessary for organizing transportation of hazardous,
oversized, and general cargoes.

To achieve this aim, the following objectives were accom-
plished:

- to formalize the model of the transport enterprise’s work
when organizing transportation of hazardous, oversized, and
general cargoes;

- to develop an algorithm for the functioning of a trans-
port enterprise that takes into account the transportation of
various types of cargo along international routes;

- to conduct a study of the work of a transport enterprise
when organizing transportation of various types of cargo and
evaluate the results of modeling.

4. The study materials and methods

The object of our study is the process of organizing and
planning the work of a transport enterprise when transport-
ing general, hazard, and oversized cargoes by road along
international routes.

The hypothesis of the study assumes that the use of a sim-
ulation model of the work of a transport enterprise when
transporting hazardous, oversized, and general cargoes would
allow for the optimization of organizational, managerial, and
production processes.

It would allow for planning the duration of rendering
transport services, taking into account the probability of er-
rors and delays at a separate stage of service.

When preparing for an international trip, a transport en-
terprise performs a number of activities related to the fulfill-
ment of documentary formalities and preparing a vehicle for
the trip. Depending on the type of cargo, transport enterprise
managers must prepare a package of transport and permit
documents that would ensure the unhindered movement of
the driver, vehicle, and goods across the customs border. The
practical experience of transport enterprises indicates signif-
icant differences in the implementation of these processes
when transporting hazardous, oversized, and general cargoes.

Modern transport companies have a different structure of
the fleet of vehicles. Some of them have the same brands and
models of vehicles, which characterizes the organization as
highly specialized. Others, on the contrary, prefer to purchase



vehicles capable of transporting various types of cargo. How-
ever, preparation for the transport process requires the com-
pany’s managers to have professional competencies that meet
the regulatory requirements for the transportation of a given
cargo and service technology in accordance with the individ-
ual needs of the customer.

First of all, for the effective operation of a transport enter-
prise, management team needs to plan the number and em-
ployment of managers taking into account influencing factors.
Such factors are the available fleet of vehicles; the number of
applications for the transportation of a particular type of cargo;
the duration of a particular stage of service; the probability of
errors and delays at the stage; the duration of the delay.

Given the need to optimize the processes occurring at
different enterprises depending on their specialization, the
following basic assumptions regarding the differences in or-
ganizing the transportation of general, hazard, and oversized
cargoes were taken into account:

- list of types of work required for execution at each stage;

- number of specialists providing service in a particular
area of activity;

— duration of work at each stage, min;

- probability of errors at each stage, %;

- probability of delays at each stage, %;

- average delay time when errors occur, min;

- the number of vehicles capable of transporting a partic-
ular type of cargo by specialization;

- the movement of MVs in the return connection with or
without cargo;

- the presence or absence of service errors at each stage.

In the process of conducting the study, the following
simplifications were adopted regarding the work of transport
enterprises:

- the condition is accepted that the organizational struc-
ture and staffing are generalized for all types of transport
enterprises by specialization;

- the duration of customs formalities is carried out in
accordance with the current legislation of the country of de-
parture, destination, and transit (if any);

- the speed of movement of MVs along specified routes is
regulated by the traffic rules of the countries of destination on
individual sections of the routes;

- all involved specialists provide service within the scope
of job descriptions.

The choice of methods and procedures for conducting the
study is significantly influenced by the following features of
the work of a transport enterprise:

- a significant number of business processes, which are
difficult to predict for long periods;

- indicators of the efficiency of the work of an individual
specialist and his/her interaction with other employees;

- the probability of unforeseen circumstances at each
stage of service;

- most technical, technological, and organizational pro-
cesses are random in nature.

When modeling the work of a transport enterprise, it is
necessary to take into account a number of random factors
that cannot be described analytically. To build the model, the
method of statistical testing (Monte Carlo method) was used.
Its essence is that instead of describing random phenomena
by analytical dependences, multiple repetition of realizations
of some random event is carried out. By performing such
a draw repeatedly, statistical material is accumulated, which is
then processed by known statistical methods.

The simulation model of the transport enterprise is imple-
mented in the GPSS World simulation modeling automation
package [13]. The GPSS World environment is a machine
implementation of the statistical testing method and makes
it possible to automatically acquire information about the
modeling results - modeling statistics.

5. Determining the optimal number of managers
at a transport enterprise using a simulation model

5.1. Formalizing the model of transport enterprise
operation

The process of functioning of a transport enterprise in
the organization of international road transportation is in-
fluenced by a certain set of factors. Let us divide the input
parameters of the model of the operation of a transport
enterprise into known A ={a,, a,, ..., a,}, which cannot be
influenced, and controlled X = {xy, Xy, ..., Xi}.

The output parameters, which in some way depend on vec-
tors A and X, are denoted as Y = {1, y, ..., Yu}, i.€., Y = O(A4; X).

In general, the model of functioning of the activities of a
transport enterprise in the organization of international road
transportation of goods can be represented by the following
structure

Y:{al,az,..., am} )

X15 Xoy ey X

When formalizing the model of the transport enterprise,
the presence of controllable factors X was noted, which
include:

- the intensity of orders received by the carrier when de-
livering hazardous, oversized, and general cargoes 4, s/month;

- options for returning the vehicle in the opposite direc-
tion (movement with cargo, movement without cargo).

The uncontrollable factors A of the model are:

- the estimate of the average time for performing the i-th
operation W; at each stage of service when delivering hazard-
ous, oversized, and general cargoes m;; + oy, min.;

- the delay in performing the i-th operation W; at each
stage of service when delivering hazardous, oversized, and
general cargoes fy;

- the probability of making errors in service when per-
forming the i-th operation W; at each stage of service when
delivering hazardous, oversized, and general cargoes y;;

- the number of specialists at the transport enterprise re-
quired to organize the transportation of hazardous, oversized,
and general cargoes Mj;

- the number of vehicles on the balance sheet of the en-
terprise for the delivery of hazardous, oversized, and general
cargoes V.

The processing of an application by a transport enterprise
is the execution of certain stages of work (Tables 1-3), which
must be completed before it leaves the service. The duration
of each work is considered as a random variable with a given
distribution law. The parameters necessary for modeling the
random variable are established as a result of statistical pro-
cessing of field research data. The FIFO order (first in, first
out) is adopted as the main order for servicing applications.

Two options for returning a motor vehicle (MV) in the
reverse direction are considered:

- movement with cargo;

- movement without cargo.



Table

Types of activities by a transport company when organizing the transportation of hazardous goods

—_

Activity ID Activity essence Performer (job title)
ST, Step 1. Acceptance of the application from the Customer
Wiy Acceptance of the Customer’s initial request Logistics Manager
Wi Determination of the cargo hazard class (class 1-9) Logistics Manager
Wis Checking the availability of appropriate transport for transporting cargo of this class Logistics Manager
Wia Preliminary calculation of the cost of transportation Logistics Manager
Wis Agreement of preliminary transportation conditions with the Customer Logistics Manager
ST, Step 2. Preparation for transportation
Wy, Drawing up a detailed route taking into account prohibitions and restrictions on movement for danger- Logistician

ous goods
Wy Coordination of the route with the relevant authorities (police, local administrations) Logistician, lawyer
Was Issuance of permits for the transportation of dangerous goods Lawyer
Wa S;i?gf )the completeness of the vehicle for transporting goods (ADR cards, fire extinguishing equip- Logistician
Wos Checking Fhe driver’s availability of documents for the transportation of dangerous goods of this class Logistician, logistics
(ADR certificate) manager
ST, Step 3. Paperwork
W Conclusion of a contract with the Customer Logistics Manager
W3, Preparation of accompanying documents (CMR, invoices, permits, ADR documents) Logistics Manager
Wi Checking the compliance of documents with the requirements for the transportation of dangerous goods Lawyer
ST, Step 4. First stage of transportation
Wy Loading the vehicle with safety requirements in mind Driver, loader
Wi, Securing the cargo in accordance with the standards for the transport of dangerous goods Mechanic, driver
Was Final inspection of the vehicle and cargo Logistics manager
Wi Cargo transportation Driver
STs Step 5. Completion of transportation at destination
Ws Unloading of cargo at the destination in compliance with safety regulations Driver, loader
Ws, Transfer of documents to the cargo owner (invoice, original CMR) Logistics manager
STe Step 6. Return to the transport company and final document flow
Wea Search for cargo for reverse loading Logistics Manager
Wea Cargo transportation Driver
We3 Return of the vehicle to the base (TC) Driver
Wea Transfer of documents to the company’s accounting department (CMR register, driver’s reports) Driver, Accountant
Wes Preparation of an invoice for payment for the client (taking into account the actual transportation) Accountant
Wes Providing the client with original documents (invoice, CMR, acts) Accountant
We7 Sending invoices and accompanying documents to the client for payment Accountant
Wes Receiving confirmation of payment from the client (bank details, invoice) Accountant
Weo Verifying the crediting of funds to the company’s account and closing the application Accountant
W 10 Archiving documents in the company Logistics Manager
Table 2
Types of activities by a transport company when organizing the transportation of oversized cargo
Activity ID Activity essence Performer (job title)
1 2 3

ST, Step 1. Acceptance of the application from the Customer
Wi Acceptance of the Customer’s initial request (phone, email, platform) Logistics manager
Wi, Clarification of cargo parameters (dimensions, weight, special requirements) Logistics manager
Wis Checking the availability of available transport Logistician
Wi4 Preliminary calculation of the cost of transportation Logistics manager
Wis Agreement of preliminary transportation conditions with the Customer Logistics manager
ST, Step 2. Preparation for transportation
Wn Drawing up a detailed route taking into account road restrictions Logistician
Woy Coordination of the route with local authorities (police, road services) Logistician, lawyer
Wos Issuance of permits for the transportation of oversized cargo Lawyer
Wi Organization of escort (special transport, traffic police) Logistician
Wos Verification of vehicle compliance with transportation requirements Mechanic
W Conducting briefing for the driver and escort team Logistician




Continuation of Table 2

1 2 | 3
ST Step 3. Paperwork
W31 Conclusion of a contract with the Customer Logistics Manager
W3, Preparation of accompanying documents (CMR, invoices, permits) Logistics Manager
Wi Checking the compliance of documents with the requirements of road services Lawyer
Wiy Agreement on the time of departure and arrival at the destination with the Customer Logistician
ST, Step 4. First stage of transportation
Wa Loading the vehicle taking into account safety requirements Driver, loader
Wi Securing the cargo in accordance with transportation standards Mechanic, driver
Wiz Conducting a final inspection of the vehicle and cargo Logistics manager
\m Receiving documents from the cargo owner (CMR, invoices, permits) Logistics manager
Wis Cargo transportation Driver
ST Step 5. Completion of transportation at destination
Wsy Unloading of cargo at the destination in compliance with safety regulations Driver, loader
Ws, Transfer of documents to the cargo owner (invoice, original CMR) Logistics manager
STe Step 6. Return to the transport company
Wea Search for cargo for reverse loading Logistics Manager
Wea Cargo transportation Driver
Wes Return of the vehicle to the base (TC) Driver
Wea Transfer of documents to the company’s accounting department (CMR register, driver reports) Driver, Accountant
Table 3
Types of activities by a transport company when organizing the transportation of general cargo

Activity ID Activity essence | Performer (job title)
ST, Step 1. Acceptance of the application from the Customer
W Acceptance of the Customer’s initial request (phone, email, platform) Logistics manager
Wi, Clarification of cargo parameters (dimensions, weight, type of packaging, special requirements) Logistics manager
Wis Checking the availability of appropriate transport for transportation Logistician
Wia Preliminary calculation of the cost of transportation Logistics manager
Wis Agreement of preliminary transportation conditions with the Customer Logistics manager
ST, Step 2. Preparation for transportation
W Drawing up a detailed route taking into account road infrastructure Logistician
W Agreement on departure time with the Customer Logistics Manager
Was Checking the vehicle’s compliance with cargo requirements (carrying capacity, volume) Mechanic
Wi Preparation of equipment for loading/unloading (if necessary) Logistician
ST; Step 3. Paperwork
W3 Conclusion of a contract with the Customer Logistics Manager
W3, Preparation of accompanying documents (CMR, invoices) Logistics Manager
Wi Verification of compliance of documents with the requirements for the transportation of general cargo Lawyer
STy Step 4. First stage of transportation
Wi Loading the vehicle in accordance with the requirements Driver, loader
Wi Securing the cargo in accordance with safety standards Mechanic, driver
Wiz Conducting a final inspection of the vehicle and cargo Logistics manager
L Handing over to the driver documents for the carriage of cargo (CMR, invoices, route) Logistics manager
Wis Cargo transportation Driver
ST Step 5. Completion of transportation at destination
Ws, Unloading cargo at the destination Driver, loader
Ws, Transfer of documents to the cargo owner (invoice, original CMR) Driver, Logistics

Manager

ST Step 6. Return to the transport company and final document flow
Wa Search for cargo for reverse loading Logistics Manager
Wes Cargo transportation Driver
We3 Return of the vehicle to the base (TC) Driver
Wea Transfer of documents to the company’s accounting department (CMR register, driver’s reports) Driver, Accountant
Wes Preparation of an invoice for payment for the client Accountant
Wee Providing the client with original documents (invoice, CMR, acts) Accountant
Wer Receive confirmation from the client of payment Accountant
Wes Verification of funds credited to the company’s account and closing the application Accountant
Weo Archiving documents in the company Logistics Manager




Service can be carried out:

- in the presence of errors in service;

- without errors in service.

Each of the studied stages is characterized by:

- duration of execution of a separate stage of service;

- probability of errors at a stage;

- probability of delays at a stage;

- average delay time when errors occur.

Accordingly, the management team of the enterprise is
faced with the task of planning personnel support capable of
organizing transport service in the shortest possible time in
the absence of errors and delays at all stages and with mini-
mal refusals in the provision of services.

We accept the condition: execution of an international trip
along the Kyiv-Warsaw route for all types of research since
here it is necessary to represent the employment of managers
in organizational activities.

The main indicators of modeling Y, which determine the
goals of modeling — optimization of the work of a transport
enterprise in organizing the transportation of various types
of cargo, are:

- average service time ¢, min.;

- average downtime in the queue to the manager for ser-
vice wy, min.;

- average queue length to the manager, #, s.p.;

- share of applications that were serviced without down-
time in the queue to the manager, vy, %;

- number of managers to service a separate flow of appli-
cations, ny;

- manager load factor, yy;

- average number of employed managers, pi;

— probability of service failure, qy;

- throughput, Ay, s.p./month.

SM restrictions are related to the conditions imposed on
the incoming flow of applications when delivering hazardous,
oversized, and general cargoes. It is assumed that the incom-
ing flow is the simplest, that is, it has three main properties:
ordinariness, stationarity, and absence of aftereffects. There
are also no phenomena that change the regularities of service
time (failures and equipment failures, etc.).

5.2. Development of an algorithm for the operation
of a transport enterprise that takes into account the
transportation of various types of cargo along interna-
tional routes

To build a SM of a transport enterprise in organizing
international road transportation of hazardous, oversized,
and general cargoes, it is proposed to use the theory of mass
service.

Unlike the SM reported in [14], additional modules are
proposed for the SM being built, which make it possible:

-to take into account different types of cargo and the
specificity of organizing their transportation, including the
involvement of additional specialists;

-to determine the duration of delays and assess their
probability when performing different types of work;

- to take into account errors that were detected during the
execution of work and the time required to eliminate them;

- to determine the probabilities of refusals when accept-
ing applications for the transportation of cargo at a given
length of the queue of unprocessed applications or exceeding
the service waiting time.

The block diagram of the algorithm and the relationship
among the built SM modules is shown in Fig. 1.

An example of the SM of the transport enterprise activity
in GPSS World is shown in Fig. 2.

5. 3. Research on the work of a transport enterprise
in organizing the transportation of various types of
cargo

SM should accurately reflect the work of a transport
enterprise in organizing the transportation of cargo and
the consistency of the work of organization specialists at
each stage. Therefore, for its further use, a check of the
adequacy of the modeling to a real transport enterprise was
performed.

To check the adequacy of the model, the hypothesis of
the proximity of the average values of the service time and
the idle time in the queue was tested according to the data of
the transport enterprise and the results obtained during the
simulation experiment on the constructed SM was tested.
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Fig. 1. Flowchart of the modeling process of work Wj execution at stage STy
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Fig. 2. Partial program listing of the simulation model (SM) implemented in GPSS World

As aresult of collecting and processing statistical data, the
average service time in organizing all stages of cargo transpor-
tation, as well as the delay time in servicing (idle time in the
queue for servicing) was obtained.

The check of adequacy of the SM to a real transport enter-
prise was carried out for the case when it is possible to deter-
mine the values of the system responses during full-scale tests.

To check the adequacy of the model, the hypothesis of
the proximity of the average values of each model response Y

to known average value of the response of a real object Y~
was tested. Ny = 5 experiments were conducted at a real ob-
ject, and a sample of values {Y;'}, i=1,5. was formed. Using
the simulation model, N, =5 experiments were conducted;
samples of values {Y;} were obtained from the model re-
sponsesi=1,5.

The results of our field and model experiments are given
in Table 4.

Table 4
Verifying adequacy of the simulation model
Value of components of the sample _ o, _ o,
Response -1 5 I3 T4 T_s Y,,Y, D,,D, Dyp, ty
tyj 534 505 440 512 525 503 1374.7
" 2233.6 0.6959
by 580 485 450 535 570 524 3092.5
by 786 675 752 804 790 761.4 2697.8
" 3140.15 1.0327
by 820 710 765 855 840 798 3582.5
t3 553 695 585 612 667 622.4 3395.8
0 5450.05 0.5740
L3 480 685 650 530 633 595.6 7504.3
tyj 4420 5240 4115 4560 5502 4767 338078
- 634279.4 0.8604
lyj 3500 5500 3610 5260 3800 4334 930480
ts; 502 475 486 604 675 548.4 7638.3
- 6780.5 0.8026
ls; 535 569 519 618 710 590.2 5922.7
tej 11515 11488 15460 12450 11600 12503 2892109
" 20646169 0.7790
lsj 10870 10300 18400 10800 950 10264 38400230
wyj 260 266 246 235 212 243.8 462.2
0 674.95 1.2781
wyj 270 290 285 264 215 264.8 887.7
Wy 42 53 49 66 54 52.8 76.7
" 137.2 0.8639
Wy 55 56 40 77 68 59.2 197.7
ws; 55 68 78 56 82 67.8 152.2
" 97.5 0.6725
Wy 69 53 64 63 69 63.6 42.8




Estimates of the mathematical expectation and variance
of the model and system responses were determined from the
samples (Table 4) using the following relationships:

S B

Yo, = EHYQM ;

D= 2, % )

D, - Nzl_lli(Ynk -7,) ®)

The basis for testing the hypothesis is the difference
E, = (Yn _YQ*n ), the variance estimate of which is

(N, -1)D, +(N,-1)D; -
- N,+N,-2 '

an

The calculated estimates of variance D, are given in Table 2.

The quantities E, and D,, are independent statistics, so
the t-statistic can be used

“4)

With the number of degrees of freedom n=N; + N,-2=38
and the significance level o = 0.05, the critical value (. = 1.85)
was determined according to the Student distribution tables.
Comparing each of the values of the t-statistics in Table 4 with
ter (t, < t,), the hypothesis about the closeness of the average
values of the model responses and the real object is accepted.
Thus, we can speak about the adequacy of the SM and the
real object.

The study simulated the process of rendering transport ser-
vices for organizing international transportation of hazardous,
oversized, and general cargoes along the Kyiv-Warsaw route.
Screening of the results of SM simulation is shown in Fig. 3.

To simulate the operation of a transport enterprise when
delivering goods in the presence of service errors and without
errors, the Kyiv-Warsaw route was chosen. The simulation
results, taking into account the movement of MVs with and
without cargo in the reverse direction, are given in Tables 5-7.
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Fig. 3. Example of results based on modeling a transport enterprise activity in GPSS World

Table 5

Results of assessing the average delivery time of hazardous goods along the Kyiv-Warsaw route

Average service time, min.

Presence of errors Error-free
Stages of service Movement of Movement of
Movement of MVs without Movement of MVs without
MVs with cargo MVs with cargo
cargo cargo
Stage 1. Acceptance of the application from the customer, ¢;; 534 457 522 399
Stage 2. Preparation for transportation, t;, 786 1029 711 813
Stage 3. Preparation of documents, ;3 553 877 520 643
Stage 4. The first stage of transportation, t14 4420 4409 4430 4352
Stage 5. Completion of transportation at the destination, 5 302 395 308 354
Stage 6. Return to the transport company and final document flow, ¢4 11515 4414 11511 4318
Stage 1 - Stage 6. Delivery of hazardous goods, t; 18110 11581 18002 10879




Table 6

Results of assessing the average delivery time of oversized cargo along the Kyiv-Warsaw route

Average value of service time, min.

Presence of errors Error-free
Stages of service Movement of Movement of
Movement of MVs without Movement of MVs without
MVs with cargo MVs with cargo
cargo cargo
Stage 1. Acceptance of the application from the customer, ¢;; 272 264 259 248
Stage 2. Preparation for transportation, t;, 925 918 829 836
Stage 3. Preparation of documents, t13 430 435 382 392
Stage 4. The first stage of transportation, ¢4 5022 4761 4980 4713
Stage 5. Completion of transportation at the destination, t;5 522 368 498 326
Stage 6. Return to the transport company and final document flow, ¢4 15607 4153 15584 3852
Stage 1 - Stage 6. Delivery of oversized goods, t; 22778 10899 22532 10367
Table 7
Results of assessing the average delivery time of general cargo along the Kyiv-Warsaw route
Average value of service time, min.
Presence of errors Error-free
Stages of service Movement of Movement of
Movement of MVs without Movement of MVs without
MVs with cargo MVs with cargo
cargo cargo
Stage 1. Acceptance of the application from the customer, ¢;; 250 244 241 246
Stage 2. Preparation for transportation, t,, 364 358 350 361
Stage 3. Preparation of documents, t;3 355 347 328 351
Stage 4. The first stage of transportation, t14 3581 3586 3564 3577
Stage 5. Completion of transportation at the destination, t;5 240 258 228 246
Stage 6. Return to the transport company and final document flow, ¢4 8002 3677 7838 3422
Stage 1 - Stage 6. Delivery of general cargo goods, t; 12792 8470 12549 8203

According to the reports compiled as a result of modeling
the work of the enterprise in servicing customers, the main
indicators of the modeling results were determined and the
duration of downtime in service queues was calculated,
which are given in Tables 8-14.

The results given in Tables 5-7 reflect the time charac-
teristics of all types of work required for the delivery of haz-
ardous, oversized, and general cargoes. This will allow both
the customer and the specialists of the transport enterprise
to plan production processes. The results of our studies

given in Tables 8-13 make it possible to assess the efficiency
of the work of various specialists at a transport enterprise.
The data in Table 14 allow us to assess the efficiency of the
work of the transport enterprise when transporting hazard-
ous, oversized, and general cargoes. The modeling results
will allow the owners of transport enterprises and their
specialists to carry out organizational and managerial mea-
sures regarding personnel policy and material and technical
support, taking into account the specificity of rendering
their services.

Table 8
Results of modeling the delivery of hazardous goods in the presence of errors in the work of transport company specialists
Presence of errors
Performer Movement of MVs with cargo Movement of MVs without cargo

Wi Mk Vi ny Yk Pk Wi Mk Vi ny Yk Pk

Logistics Manager 260 3.01 31.3 2 0.75 1.50 238 2.24 26.4 1 0.71 0.71
Logistician 42 0.16 75.2 2 0.44 0.88 8.8 0.03 89.6 2 0.43 0.86
Lawyer 55 0.32 74 3 0.55 1.63 330 1.86 25.7 2 0.80 1.59
Driver 206 1.19 56.1 43 0.74 31.8 259 1.46 53.3 20 0.86 17
MVs 206 1.19 56.1 30 0.90 27.1 259 1.46 53.3 17 0.83 14
Truck Driver 23 0.05 95.2 1 0.25 0.25 9.38 0.02 86.7 1 0.24 0.24
Mechanic 0 0.0 100 1 0.12 0.12 0 0.0 100 1 0.12 0.12
Accountant 104 0.40 49.2 1 0.48 0.48 132 0.49 51.6 1 0.46 0.46




Table 9

Results of modeling the delivery of hazardous goods without errors in the work of transport company specialists

Error-free
Performer Movement of MVs with cargo Movement of MVs without cargo

Wi Mk Vi N Yk Pk Wi Mk Vi ni Yk Pk
Logistics Manager 259 3.01 31.8 0.74 1.48 196 1.89 27.6 1 0.70 0.70
Logistician 37 0.15 74.8 0.42 0.83 7.2 0.03 90.9 2 0.41 0.83
Lawyer 45 0.26 68.8 0.51 1.54 181 1.05 36.9 2 0.74 1.47

Driver 218 1.27 68.2 43 0.74 32.0 234 1.35 51.0 20 0.88 18

MVs 218 1.27 68.2 30 0.91 27.2 234 1.35 51.0 17 0.85 14
Truck Driver 23 0.05 74.4 1 0.25 0.25 8.7 0.02 87.0 1 0.23 0.23
Mechanic 0 0.0 100.0 1 0.12 0.12 0 0.0 100.0 1 0.12 0.12
Accountant 102 0.40 49.5 1 0.47 0.47 123 0.48 51.8 1 0.47 0.47

Table 10

Results of modeling the delivery of oversized cargo in the presence of errors in the work of transport company specialists

Presence of errors

Performer Movement of MVs with cargo Movement of MVs without cargo
Wi Mk Vi g3 43 Pk Wi Nk Vi Nk Yk Pk
Logistics Manager 47 0.21 71.2 0.43 0.85 55 0.20 54.9 1 0.43 0.43
Logistician 22 0.04 84.1 0.31 0.62 12 0.04 87.9 2 0.33 0.66
Lawyer 82 0.28 64.5 0.51 1.01 85 0.28 62.0 2 0.54 1.09
Driver 425 1.43 52.4 35 0.72 25.2 252 0.92 56.6 15 0.82 12.3
MVs 425 1.43 52.4 23 0.95 21.7 252 0.92 56.6 12 0.84 10.1
Truck Driver 0.01 89.8 1 0.14 0.14 0.01 89.9 1 0.15 0.15
Mechanic 0.01 93.6 1 0.14 0.14 0.01 92.9 1 0.15 0.15
Accountant 0.0 100.0 1 0.05 0.05 0.0 100.0 1 0.04 0.04
Table 11
Results of modeling the delivery of oversized cargo without errors in the work of transport company specialists
Error-free
Performer Movement of MVs with cargo Movement of MVs without cargo
Wy Nk Vi 1y Wi Pk Wy Nk Vi 1y Wi Pk
Logistics Manager 47 0.21 71.8 0.42 0.85 50 0.19 55.8 1 0.43 0.43
Logistician 17 0.04 86.1 0.29 0.62 9 0.03 89.9 2 0.32 0.65
Lawyer 56 0.28 64.9 0.46 1.01 70 0.26 65.7 2 0.51 1.03
Driver 404 1.36 53.8 35 0.72 25.2 220 0.82 59.8 15 0.82 12.3
MVs 404 1.36 53.8 23 0.94 21.7 220 0.82 59.8 12 0.84 10.1
Truck Driver 0.01 90.6 1 0.14 0.14 0.01 90.1 1 0.15 0.15
Mechanic 0.01 92.7 1 0.14 0.14 0.01 92.8 1 0.15 0.15
Accountant 0.0 100.0 1 0.03 0.05 0.0 100.0 1 0.04 0.04
Table 12

Results of modeling the delivery of general cargo in the presence of errors in the work of transport company specialists

Presence of errors

Performer Movement of MVs with cargo Movement of MVs without cargo
Wi Mk Vi N 43 Pk Wi Mk Vi ni Yk Pk

Logistics Manager 30 0.82 55.4 0.69 2.76 26 0.67 57.6 3 0.62 1.86
Logistician 23 0.22 67.4 2 0.50 1.01 22 0.20 68.3 2 0.51 1.01
Lawyer 73 0.33 39.1 1 0.59 0.59 68 0.31 39.8 1 0.59 0.59
Driver 76 1.39 62.9 61 0.94 57.4 94 1.29 53.6 41 0.93 38.0
MVs 76 1.39 62.9 54 0.93 50.3 94 1.29 53.6 34 0.91 30.9
Truck Driver 34 0.15 49.4 1 0.58 0.58 31 0.14 49.9 1 0.58 0.58
Mechanic 23 0.21 51.0 0.57 0.57 23 0.21 57.6 1 0.57 0.57
Accountant 107 0.97 46.4 2 0.63 1.25 116 1.07 46.6 2 0.63 1.28




Table 13

Results of modeling the delivery of general cargo without errors in the work of transport company specialists

Error-free
Performer Movement of MVs with cargo Movement of MVs without cargo
Wi Nk Vi Ny 45 Pk Wik Nk Vk Nk Yk Pk
Logistics Manager 29 0.81 56.3 4 0.68 2.73 29 0.68 56.3 3 0.64 191
Logistician 22 0.20 69.3 0.49 0.98 22 0.21 68.4 2 0.52 1.04
Lawyer 59 0.27 43.4 1 0.56 0.56 68 0.32 39.6 1 0.61 0.61
Driver 72 1.32 63.8 61 0.94 57.2 82 1.16 57.0 41 0.92 37.7
MVs 72 1.32 63.8 54 0.93 50.1 82 1.16 57.0 34 0.90 30.5
Truck Driver 31 0.14 52.5 1 0.56 0.56 33 0.16 48.8 1 0.59 0.59
Mechanic 22 0.20 52.4 1 0.56 0.56 24 0.22 49.7 1 0.59 0.59
Accountant 107 0.98 46.8 2 0.62 1.25 124 1.17 44.9 2 0.65 1.30
Table 14
Modeling indicators for the delivery of hazardous, oversized, and general cargoes with and without service errors
Hazardous Oversized General
Indicator Presence of errors Error-free Presence of errors Error-free Presence of errors Error-free
with without with without with without with without with without with without
cargo cargo cargo cargo cargo cargo cargo cargo cargo cargo cargo cargo
qk 0.18 0.17 0.14 0.13 0.16 0.10 0.15 0.08 0.16 0.14 0.15 0.13
Ag 22.2 22.6 23.2 23.6 13.6 14.6 13.8 15.0 54.6 55.9 55.3 56.6

6. Discussion of results based on modeling the work
of a transport enterprise when transporting goods
along international routes

When planning the delivery of goods, the activities of each
participant in a foreign trade operation are aimed at achieving
the efficiency of both the implementation of a separate task
of the enterprise and the impact on the overall result of all
organizations involved. A key feature of the quality of inter-
national cooperation in the field of export and import of goods
is compliance with delivery terms in accordance with the for-
eign economic contract. Delays at any stage can affect the in-
terests of the counterparty and reduce the level of trust in the
supplier of goods and business entities involved in customs
and logistics services. The activities of a separate organization
that provides similar services on the market may be character-
ized by different performance indicators due to differences in
the level of personnel and material and technical support. In
addition, it should be noted the influence of organizational,
managerial, technical, and technological measures that are
used by the management team of the enterprise to optimize
the main and auxiliary production processes.

Each of the organizations involved in the implementation
of a foreign trade operation has its own functional respon-
sibilities and provides a list of services agreed in advance,
taking into account the individual needs of the customer.
However, the duration of the execution of a separate order is
quite difficult to predict, thereby this can cause queues for ser-
vice, and possibly even refusals due to a significant workload
of specialists and the need for a long wait. In turn, there is
a need to determine the optimal number of company per-
sonnel capable of providing quality and timely services to
customers. It should be taken into account that depending
on the type of goods provided for transportation, a different
number of specialized intermediary organizations may be
involved in the process. Accordingly, the list and duration of

the necessary work, depending on the specificity of the goods,
may also have significant differences.

The direct process of performing an international road
trip, the characteristics of its main, auxiliary, and service
performance indicators, has a significant impact on the imple-
mentation of export and import operations. The key objective
of transport enterprises is the effective organization of both
internal processes and external interaction with service cus-
tomers, partners, and other participants in foreign economic
activity. However, the study of the performance indicators of
a separate business entity in order to implement management
decisions or optimize existing processes depends on a number
of factors. The main ones are:

- the number, composition, and structure of the fleet of
motor vehicles;

— intensity of demand for transportation among customers;

- the number of specialists involved in servicing orders by
type of activity;

- types of cargo transported by the rolling stock of the
enterprise;

— a list of works necessary for the performance of an in-
ternational trip;

- the duration of work;

- presence of errors in the performance of work;

— probability of errors in service;

— duration of elimination of errors in the execution of ac-
tivity.

Depending on the efficiency of using the internal resources
of the transport enterprise, it will be possible to achieve
a reduction in the duration of all types of work during the
delivery of goods. It is advisable to pay special attention to
studying the procedure for transporting a given cargo, taking
into account the route and type of cargo, which may require
additional time spent on carrying out commercial, transport,
customs, and permit formalities. Given the significant differ-
ences in the implementation of the transport process with



different goods, it is necessary to conduct a study on the work
of transport enterprises depending on their specialization.
Organizations that provide services for the transportation of
general, oversized, and hazardous goods require a detailed
study of the types of work inherent in a particular category of
cargo. The use of a generalized approach will cause significant
time deviations in the planning of delivery times, thereby af-
fecting the reputation and trust in the carrier and its customer
of services from counterparties.

The modeling results allow us to provide recommenda-
tions to a separate transport enterprise, taking into account
the specialization of the existing rolling stock and the number
of staff by activity. This will make it possible to optimize the
current state of the enterprise and plan personnel and ma-
terial and technical support for future periods. In addition,
the developed software package makes it possible to analyze
the process of transporting various types of cargo, taking into
account the technology of performing all stages of service.

A significant advantage of a separate transport enterprise
is the ability to meet the individual needs of the customer, tak-
ing into account the physical, chemical, volumetric, and mass
characteristics of the cargo. In this process, high indicators of
the efficiency of the enterprise and the service of a separate
order can be achieved by applying modern software packages
to the organization of the fleet of vehicles for the transporta-
tion of various types of cargo. Unlike [1, 2], the simulation
model built makes it possible to reproduce all the necessary
stages and processes associated with the organization of the
transportation of a separate type of cargo. Thus, it will be pos-
sible to more accurately plan the duration of service, as well
as the probability of errors when performing all types of work.

The proposed technological advancement, unlike [3, 4],
makes it possible to analyze the performance indicators of
a transport enterprise that has a different structure of the
fleet of vehicles. Accordingly, this will affect the operational
performance indicators of the rolling stock and the duration
of technical, technological, and organizational work by the
company’s specialists when organizing the transportation of
various cargoes. In addition, the devised model, in compar-
ison with [5], takes into account the execution of activities
involving specialists of the transport enterprise at all stages of
the foreign trade operation. Our technological advancement,
in contrast to [6], provides the ability to change the parame-
ters of the study, the stages of process execution depending on
the individual specificity of the delivery of goods, which will
make it possible to take into account the needs of the main
customers, rather than generalizing processes.

The issue of rational operation of vehicles on the route
is key in the organization of international transportation.
Therefore, in comparison with works [7, 8], our SM takes into
account efficiency indicators in the presence of reverse load-
ing of the vehicle and movement without cargo. In addition,
SM, unlike [9, 10], makes it possible to consider the work of
a transport enterprise taking into account the probability of
making errors at each stage of organizing delivery, as well as
with high-quality and timely provision of services.

Planning and development of the necessary stages of
business process execution that will affect the efficiency of
a foreign trade operation are carried out at the initial stage of
service. Therefore, in comparison with [11, 12], the proposed
SM takes into account the time characteristics of involving the
enterprise’s specialists in performing preparatory operations
for the delivery of goods. This will make it possible to take into
account their employment in the process of servicing various

types of cargo depending on customer demand. Therefore, the
use of the devised model in studying the work of a transport
enterprise that is part of the logistics chain structure, which
was reported in [14], will make it possible to detail the dura-
tion of the delivery of goods, taking into account the individ-
ual needs of the customer.

Our results from modeling the work of a transport enter-
prise make it possible to plan the number of full-time staff at
an enterprise by profession. In addition, based on the avail-
able number of vehicles for individual types of specialization,
it will be possible to determine the duration of the preparatory
and organizational and main processes of delivering goods
along international routes. Appropriate adjustments to the
employment of personnel can be made taking into account
the probability of service with errors and without errors at
different stages of delivery.

The list of types of work and performers involved in or-
ganizing the transportation of hazardous (Table 1), oversized
(Table 2), and general cargoes (Table 3) indicates significant
differences in the work of a transport enterprise. In addition,
it is necessary to take into account the individual needs of the
customer, which also affects the structure and volume of work.

Planning, coordination, and interaction of all involved spe-
cialists and organizations when performing an international
trip requires constant optimization and coordination of the
service process for timely and high-quality delivery of goods.

Automation of data processing on the work of transport
enterprises, which involves the construction of a simulation
model, makes it possible to take into account existing sto-
chastic processes in order to reproduce all stages of service
and related performance indicators. In turn, field tests carried
out to verify the adequacy of the model (Table 4) indicate
the possibility of its application for analyzing the work of
transport enterprises. The capabilities of the model make it
possible to assess the performance indicators of the enterprise
when carrying out international road transport trips and take
into account the time and probabilistic characteristics of the
implementation of this process.

The assessment of the average delivery time along the
Kyiv-Warsaw route of hazardous goods, provided that there
are no errors in service, shows that the duration of the vehi-
cle’s operation when moving with cargo is reduced by 0.6%,
and without cargo by 6.1% (Table 5). When transporting
oversized cargo without errors in the work of specialists, the
delivery time with cargo is reduced by 1.08%, and without
cargo by 4.88% (Table 6). In turn, the delivery of general cargo
under this condition is reduced by 1.9% in the presence of
reverse loading and by 3.15% without cargo (Table 7). At the
same time, the devised model allows for the detailing of busi-
ness processes and consideration of various types of routes for
delivering goods by road.

The SM built makes it possible to determine indicators
for the efficiency of the work of specialists at a transport en-
terprise, taking into account errors in their work and without
errors. When transporting hazardous goods, there is no im-
pact on logisticians, loaders, mechanics, and accountants. At
the same time, in the absence of errors in work, it is possible
to achieve a reduction in the number of logistics managers by
50%, lawyers by 33%, and drivers by 53.5% (Tables 8, 9). When
transporting oversized cargo, logisticians, lawyers, loaders,
mechanics, and accountants are not affected. The number
of logistics managers can be reduced by 50%, and drivers
by 57.14% (Tables 10, 11). When transporting general cargo
without errors, logisticians, lawyers, loaders, mechanics, and



accountants are not affected. In the absence of errors in work,
the number of logistics managers can be reduced by 25%, and
drivers by 32.79% (Tables 1-11).

The SM constructed provides for determining the optimal
number of transport enterprise employees by functional areas
that ensure the flow of orders for the transportation of various
types of cargo in accordance with the existing fleet of vehicles.

The advantages of our study are the ability to assess the
efficiency of the work of transport enterprise specialists in
organizing the delivery of hazardous, oversized, and general
cargoes, as well as determining the categories of employees
whose number is stable under different operating conditions
of the enterprise, or their reduction can be achieved by im-
proving the quality of service.

The defined characteristics of the work of a transport
enterprise in organizing the transportation of various types
of cargo indicate significant differences in personnel perfor-
mance indicators depending on the specialization of the fleet
of vehicles and the level of qualification of specialists. At the
same time, the duration of service is shorter in the absence of
errors in the work of personnel support, which is associated
both with the direct performance of job duties and with the
elimination of shortcomings in the work of other specialists.

The main limitations of our SM include the fact that it can
be applied to transport enterprises that own only one type of
vehicle, and not a combined type of fleet.

The disadvantages of SM are that it takes into account the
possibility of transportation exclusively by road transport and
does not consider the comparison of alternative routes with
other modes of transport.

This research has future prospects in the following areas:

— the possibility of determining the performance indica-
tors for a transport enterprise that carries out the transporta-
tion of perishable and groupage cargo;

- construction of SM for choosing the optimal route for
transporting various types of cargo by mode of transport;

- construction of SM for the operation of a transport en-
terprise that owns various types of rolling stock.

7. Conclusions

1. The model of a transport enterprise’s operation when
organizing the transportation of hazardous, oversized, and
general cargoes by road along international routes has been
formalized. The stages and related types of work performed by
specialized specialists to ensure the organizational, managerial,
technical, and technological processes of a transport enter-
prise specializing in the transportation of various types of car-
go have been taken into account. To ensure the completeness
of the process description, the duration of a particular type of
work, the probability of errors and delays in servicing, with
the appropriate parameters, have been taken into account.

2. Based on the formalized model, an algorithm for the
functioning of a transport enterprise has been developed that
takes into account the transportation of hazardous, oversized,
and general cargoes along international routes. A feature of

our algorithm is the ability to study the characteristics of
the work of transport enterprises when transporting various
types of cargo. This is aimed at planning the staffing level in
order to ensure the effective operation of the fleet of vehicles
when servicing customers. The proposed algorithm takes into
account the possibility of errors in the execution of activity
and the time required to eliminate them. Separately, possible
delays in the organization of transportation are taken into ac-
count, that is, the probability of their occurrence and duration
at different stages of service, taking into account the specific-
ity of the work of the transport enterprise. This will allow for
adjustments to be made when determining service terms in
order to create an additional time reserve and avoid violation
of the delivery terms specified in the foreign trade contract.
In addition, the algorithm implements the possibility of at-
tracting additional specialists in areas of activity in the event
of an increase in demand for services or the need to improve
production processes.

3. The results of our simulation modeling indicate that
when organizing the transportation of hazardous, oversized,
and general cargoes, a different number of specialists from
transport enterprises is required by areas of activity. It has
been established that compliance with specific transportation
requirements has an impact on the types of service stages for
each type of cargo and the duration of their implementation.
At the same time, the probability of errors and the time to
eliminate them for hazardous and oversized cargo will be
greater, unlike general cargo, which will affect the efficiency
of the vehicle fleet. Thus, our technological advancement
will make it possible to increase the throughput capacity for
transporting hazardous cargoes with reverse loading by 4.5%,
oversized cargo by 1.47%, and general cargo by 1.28%.
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