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1. Introduction

The main task of railway transport is timely meeting the
needs of country’s economy in transportation. In spite of the
fact that recent years have seen a sharp decrease in the vol-
ume of transportation work, railway transport has retained
its leading position in the overall transportation balance of
freight traffic in Ukraine. Under current unstable and hard-
to-predict economic, political and social conditions, railway
transportation is the kind of transport that is in constant
operation and is attractive to most cargo owners [1].

However, increased competition between the types of
transport as well as wear and tear of fixed assets of railway

|DOI: 10.15587/1729-4061.2017.99185|

IMPROVEMENT OF
TECHNOLOGY FOR
MANAGEMENT OF FREIGHT
ROLLING STOCK ON
RAILWAY TRANSPORT

T. Butko

Doctor of Technical Sciences, Professor
Department of management of operational work*
E-mail: uermp@ukr.net

S. Prodaschuk

PhD, Associate Professor

Department of manage freight and commercial work*
E-mail: sp7728@ukr.net

G. Bogomazova

Assistant

Department of manage freight and commercial work*
E-mail: annabogomazova1234@gmail.com

G. Shelekhan

Assistant

Department of railway stations and junctions®
E-mail: shelekhan@email.ua

M. Prodaschuk

Department of Theoretical and Applied Informatics
V. N. Karazin Kharkiv National University
Svobody sq., 4, Kharkiv, Ukraine, 61022

R. Purii

Yardmaster

Senkevychivka station

Structural department

"Rivnenska administrtion of rail transportation”
Regional Branch "Lviv railway"

Pryvokzalna str., 72, Senkevychivka, Volyn region, Ukraine, 45750

E-mail: romanpuriy.94@gmail.com
*Ukrainian State University of Railway Transport
Feierbakha sq., 7, Kharkiv, Ukraine, 61050

transport may lead in the future to the loss by railways of part
of the transportation market. This situation leads to the de-
terioration of financial and economic situation of the railway
transport system. Determining prospective volumes of freight
transportation by railroads will make it possible to choose the
optimal model of behavior of transportation system. In this
case, it is necessary to take into account the impact of the to-
tality of economic, political, technological, natural factors, as
well as the conditions of domestic transport market.

As the economy in Ukraine largely depends on the oper-
ation of railway, then hasty management decision will have
a negative impact on other industries. Without the ability to
predict the future, it is impossible to organize normal func-




tioning of transport and to maximize profits. At present, the
problem of predicting is an important and integral part in
the daily operations of many companies. The rational plan-
ning of railway transport operations is significantly affected
by predictive values of transportation.

The problem of development of the system of predicting
the volumes of freight traffic under modern conditions has
become especially relevant. Analysis and forecasting of the
volumes of cargo transportation is the most essential tool
for developing effective management decisions regarding the
formation of a tariff strategy. In addition, it will contribute
to choosing the optimal strategy for the development of this
sector of industry, to determining necessary technical equip-
ment of railways, to planning the needs for material, labor
and financial resources. These steps should have a positive
impact on attracting clients to railway transport.

Predicting the volumes of transportation by railway
transport is not sufficiently tackled yet. Modern conditions
of functioning of transport require increasing the area of
prediction and improving the procedures and methods for
developing forecasts.

A model of prediction should provide flexible adaptation
of indicators on operational activity to fluctuations in de-
mand. This, in turn, would reduce economic losses of railway
transport and increase profits. Especially important is the
accuracy of results of the prediction under conditions of the
implemented structural reform of the sector.

2. Literature review and problem statement

Theoretical and methodological bases for the present
research are the scientific works of scientists in the field of
planning and forecasting of different spheres of activity. Ar-
ticle [2] highlighted the need for predicting future volumes
of transportations by rail when forming the level of tariff for
freight traffic. Paper [3] argues that the task of predicting
future values of the time series is the basis for financial plan-
ning in the economy. Based on historical values of the time
series, planning of the work of an enterprise is executed, as
well as management and optimization of production volumes
and warehouse control. Empirical results [4] confirm that
the artificial neural network is an effective tool for forecast-
ing currency exchange rate. This procedure provides evi-
dence that there is a possibility to derive hidden information
for reliable forecast of the future.

Forecasting the transportation of raw materials and
finished goods is required to improve the accuracy of as-
sessment of the throughput of rail networks [5]. The authors
employ simulation modeling of the primary and secondary
delays in the train traffic over particular section. Choosing
the variants of forecasting using a non-linear function of the
trend to determine the projected operational turnover for
the next period is proposed in [6]. This will make it possible
to plan in advance optimal routes of delivery of cargoes and
help managers of transport enterprises to improve manage-
ment system of the transportation process. Authors of article
[7] propose a simple approach to the prediction of one-di-
mensional time series, which combines advice from several
generalized regression neural networks. The proposed algo-
rithm looks more powerful than the existing ones.

A decision-making process when planning the required
amount of rolling stock is considered to be one of the most
problematic issues for transport industry. Paper [8] devel-

oped a new approach to determining the size of the fleet in
air transportation using the Monte Carlo modeling method.
By using this method, an airline gains maximal profits. Such
decision-making procedure could be applied for railway
transportation to detect the required number of wagons for
freight traffic, which is predicted.

To plan the work of freight transportation, [9] proposes
an algorithm of fuzzy regression with accurate prediction
and adaptability of the system to actual situation. The
authors also developed a neural network with the inverse
error spread in order to predict the cost of freight trans-
portation. The authors argue that the algorithm of fuzzy
regression is more effective than the neural network at
large-scale planning and forecasting. In this case, article
[10] states that to achieve accurate long-term forecast, it is
better to employ a neural network model. Such model yields
more accurate results of forecasting than the approaches
based on the theory of chaos.

Prediction of flows is an essential component of trans-
portation systems. Making unjustified decisions when trans-
porting the goods leads to the growth of financial costs of
the railway industry. Management of transportations must
provide making and implementing only optimal decisions,
which can comprehensively evaluate performance indicators
of transportation vehicles for different variants of transpor-
tation [11]. Article [12] indicated that genetic algorithms
demonstrate not only high accuracy of calculations but
rather provide the possibility of taking into account the con-
straints on throughput and processing capacity of facilities in
the railway infrastructure. Applying this method will make
it possible to solve the task of calculation of train formation
plans for the entire polygon of railways in Ukraine based on
previous data on the volumes of cargo transportations.

The experiment performed in [13] demonstrated high
accuracy of prediction at short-term forecasting of passen-
ger traffic. The result of prediction can be used for planning
cargo operations and for managing revenues of the industry.
To model freight transportation, paper [14] describes an
approach using artificial neural networks and a neuro-fuzzy
output system. Such approach combines the ability to train
artificial neural networks and a transparent character of fuzzy
logic. The model turns out to be highly adaptive and effective
when exploring nonlinear interconnections between different
variables. By using information about cargo flows, this ap-
proach may be applied on the Ukrainian railways.

For the reliable prediction of the volumes of freight traf-
fic on the railways of Ukraine and the possibility of deriving
hidden information when planning railway wagon flows, the
present work considered the aforementioned existing expe-
rience in forecasting both on transport and in other areas.

3. The aim and objectives of the study

The goal of the present study is to improve a management
technology over rolling stock based on the predictive values
of volumes of cargo transportations by railway transport.

To accomplish the set goal, the following tasks had to be
solved:

—to run a statistical analysis of time series of the vol-
umes of freight traffic by railways of Ukraine;

— to develop a model for predicting the volumes of car-
go transportation and verify results of the prediction by
accuracy;



— to propose a mathematical model capable of solving the
optimization problem on the organization of railway wagon

flows.

4. 1. Time series analysis

clicity exerts a much weaker effect than that of the seasonal
component.
Result of periodogram is shown in Fig. 2.

Spectral analysis: min/t
No. of cases: 176

Identification of the structure of time series =
is needed in order to construct a mathematical
model for predicting the volumes of cargo trans- z

portation by railway transport. Prediction of
future values of the time series is used to make
effective decisions. A time series analysis will
help to determine the nature of the series and to
predict future values of the time series.

An analysis of time series and the realiza-
tion of prediction were performed using the
STATISTICA software [15, 16]. Manufacturer
of the program is the firm StatSoft Inc. (USA).

Before starting the implementation of the
prediction model, we performed a statistical
analysis of time series. Prediction was conduct-

Perlodogram Values

ed based on statistical data [17] on the volumes
of transportation of grain and the products of
flour mills from 2002 through 2016 (Fig. 1).
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Fig. 2. Spectral analysis of time series
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Fig. 1. Volumes of transportation of grain and the products of flour mills

To highlight cyclicity, we applied one-dimensional Fou-
rier spectral analysis, which is one of the main methods for
modeling seasonal and cyclical fluctuations. In turn, the
Fourier series is one of the varieties of spectral analysis.
Using a spectral analysis, we determine in time series the
peak of deviations from the trend, allowing us to compute
duration of a periodic component of the series.

Seasonal component of the time series can be decom-
posed as the Fourier series. Seasonal fluctuations, decom-
posed into Fourier series, is the sum of several sinusoidal and
cosine harmonics of cosine harmonics with different periods,
which can be represented by the following formula:

i:(uk cosw, t+v, sin Wkt),
=

\A )

where uy, vy are the non-correlated random magnitudes with
zero mathematical expectation and equal variances; wy is the
wavelength of sine or cosine, that is frequency.
Non-stationarity of the time series is obvious. Trend
character amounted to 1.7. In the structure of time series
we observe a clear seasonal component, which is why one
can make an assumption that the seasonal lag effect is 12
months, There is also a certain cyclicity spanning 3—4 years,
which is visible in the chart (Fig. 1). However, the given cy-
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loading of rolling stock and trans-
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g %ﬁ' g g E g’ of mass loading of seasonal cargoes,
£ £ £ © E 2z there may occur a deficit in wagons
o z (grain wagons) and in the through-

put of railway stations and sections.
This situation leads to an increase in
the operational work of railways and,
thereby, may lead to financial losses in the industry. There-
fore, a necessary component for normal existence of railway
transport is the task of reliable prediction of the volume of
freight traffic. Of special attention is a seasonal cargo.

4. 2. Examining a method of prediction to determine
the volumes of cargo transportation

The problem of prediction was realized by employing the
most popular structural model, in particular, a model based on
artificial neural networks (ANN). This method of forecasting
possesses high qualities of adaptation to variable input data
through self-learning. The main advantage of neural network
models is the non-linearity, that is, the ability to establish
non-linear dependences between future and actual values of
processes. Other important advantages are adaptability, scal-
ability (a parallel structure of ANN speeds up computation)
and the uniformity of analysis and projecting. However, ANN
disadvantages include a lack of transparency of modeling,
complexity of the choice of architecture, high requirements to
reliability of the training sample, difficult choice of the learn-
ing algorithm and a resource-intensive learning process [18].

The main types of the functions of activation are given
in article [18].

Mathematically, the structure of a neuron can be de-
scribed by a pair of equations:




y=£(u), (2)

U=Y wx +w,, (3)

i=1

where x;, w; are, accordingly, the forces at inputs to neurons
and the magnitudes of synaptic bonds; wy is the coefficient
of displacement of a neuron (weight of additional input);
U is the induced local field; f(u) is the transfer function or a
function of activation.

Additional input and its appropriate weight is used to
initialize the neuron. Initialization implies a shift of the ac-
tivation function of neuron along the horizontal axis, that is,
the formation of a neuron sensitivity threshold. In addition,
sometimes the output of a neuron is specifically assigned with
some random value called a shift. The shift can be considered
to be a signal on the additional, always loaded, synapse.

The type of neuron connection determines the architec-
ture of a neural network. According to article [19], depending
on the type of neuron connection, networks are divided into:

— networks of direct distribution;

— recurrent neural networks;

— radial basis functions;

— self-organising maps or Kohonen networks.

The architecture of multilayer neural networks is used
now probably most often. Usually, a network consists of mul-
titude of sensor elements (input nodes) that form the input
layer, one or more hidden layers of computing neurons and
one output layer of neurons.

A multi-layer neural network can model function of al-
most any degree of complexity, and the number of layers and
the quantity of elements in each layer determine complex-
ity of a function. Determining the number of intermediate
layers and the quantity of elements in them is an important
issue during construction.

Neural networks are especially efficient for systems that
possess a high degree of non-linearity. In order to evaluate the
ability of a neural network to effectively predict the volumes
of cargo transportation by railway transport, first of all, it is
necessary to analyze previous statistical data on freight traffic.

The prediction was realized using the Rumelhart fully
connected multilayer perceptron (MLP) with direct distri-
bution, architecture 12-96-1. The signals are distributed in
one direction, from the input layer of neurons, through the
hidden layers to the output layer, and at the output neurons
we receive a signal processing result.

The activation function of the input layer is identical,
that is, the input signals are not converted but are passed on
to the next layer. The given network, in contrast to its prede-
cessor, Rosenblatt perceptron, employs nonlinear functions
of activation, namely sigmoid. It allows strengthening weak
signals and prevents oversaturation with powerful signals.
Such a nonlinear activation function solves the dilemma of
noise saturation. In the hidden layer, logistic function is ap-
plied (4), and at the output — hyperbolic tangent (5).

1
W)= @
(V)= )

At the output of a neuron we receive predictive values of
the volumes of freight traffic by railway.

5. Results of modeling and assessment of the accuracy of
prediction

We used statistical observations [17] of the volumes of
transportation of grain and the products of flour mills from
2002 through 2016 as the input data. The training sample
composed of 90 % of the values, the control — 10 %. We em-
ployed actual data on freight traffic over 8 months of 2016
as a test sample for cross-checking. Results of prediction are
shown in Fig. 3.
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Fig. 3. Comparison of prediction range to actial values

A diagram of distribution of residuals (Fig. 4) can be
used to judge the adequacy of the model; in the ideal case, a
graph resembles a normal distribution law and is bell-shaped.
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Fig. 4. Diagram of distribution of residuals

Dependence between input and output data is shown in
Fig. 5.

Judging by the figure, one can conclude that the network
captures the overall trend of the series.

Results of the cross-check are shown in Fig. 6.

The magnitude of accuracy of predicting the transpor-
tation is determined through the value of the mean absolute
percent error (MAPE). The magnitude of accuracy of pre-
diction is the notion directly opposite to a prediction error. If
the error of prediction is large, then the accuracy is low and,
vice versa, if the prediction error is small, then the accuracy
is large.
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Fig. 6. Comparative graph of the predicted and actual
volumes of transportation of grain and the products of flour
mills over 8 months of 2016

Comparison of the actual and predicted data of the ex-
amined freight transportation period is given in Table 1.
Table 1

Comparison of the actual and predicted data on the volumes
of transportation of grain and the products of flour mills

Period Actual data | Predicted data Residuals
January 2016 1.8 1.786232 0.007649
February 2016 2.8 2.713318 0.030958

March 2016 2.7 2.588141 0.041429
April 2016 2.5 2.277128 0.089149
May 2016 1.7 1.618872 0.047722
June 2016 1.3 1.396673 0.074364
July 2016 2.1 2.266609 0.079338

August 2016 3.3 3.055446 0.074107

MAPE 5.56 %

Speaking of high accuracy, we always talk about low er-
ror in prediction. Prediction error characterizes to some ex-
tent the accuracy of prediction procedure that was applied.
The experiment revealed that the mean absolute percentage
error of the volumes of transportation of grain and the prod-
ucts of flour mills over 8 months of 2016 was 5.56 %. Given
that railway transport is a fairly inert system, MAPE indica-
tor of 5.56 % is sufficient for making management decisions.

Railway transport system is quite inert. Making opera-
tional management decisions is difficult. That is why quality

prediction is required in order to make tactical management
decisions some time prior to occurrence of the event to en-
sure the industry operates effectively.

Given the projected level of freight traffic, it is possible
to determine the required quantity of wagons of particular
type that will conform to the conditions of transportation
of the given cargo. Predictive values of indicators for the
transportation of grain and the products of flour mills are
given in Table 2.

Table 2

Predictive values of indicators for the transportation of grain
and the products of flour mills

Indicator| 2016 | 2017 2018 2019 2020 2021

Volume
of transa
portation,
min/t
Dynamics
of change
in the
volume of
transpor-
tation, %
Railway
wagons
dis- 447692 | 472413
patched,
units

29.1 [30.70682(32.33773|33.56727|35.52909 | 37.49091

5.43 5.52 5.31 3.8 5.84 5.52

497504 | 516420 | 546601 | 576783

Due to the prediction of the volumes of transportation
over the next period, it is possible to find the optimal tech-
nology of freight traffic. The above predictive values of the
indicators of cargo transportation were taken into account
in subsequent calculations.

5. 2. Formalization of the technology of management
of railway wagons

Technology of the organization of cargo transportation
should be based on the rational use of the rolling stock for
the execution of the planned volumes of traffic. Making up
a plan of allocation of railway wagons depends mainly on
the number of wagons required for transportation. Another
important parameter in planning is the location of railway
wagons in a particular period of time.

Optimal technology of the organization of railway wagon
flows implies minimization of operational costs for the trans-
portation of cargo. When calculating a plan for the forma-
tion of trains and an operational plan for managing railway
wagons, the basic criterion in the choice of railway wagon
flows management is the minimal operating cost. However,
the same approach to calculating the transportation plan for
different kinds of cargo is not optimal. Therefore, in order
to find the best variant to move the railway wagons, it is
proposed to consider a parameter of transportation irregu-
larity, or seasonality. The above studies have shown that the
irregularity factor for different cargoes is disproportionate.
Selection of the rational plan of distribution of wagons along
a railway network is represented in the form of objective
function:

Clxy) =2 D x; k8- dj+
i

ADIDITR S +A%xij — min, (6)
i



where C is the cost of cargo transportation, UAH; x;; is the
variable number of railway wagons that move from station i
to station j; k is the irregularity factor of cargo transporta-
tion; 8y, Sen is the share of loaded wagons and empty wagons,
respectively, that travel from station i to station j; dij, dfi‘“
are the expenses related to the motion of loaded and empty
wagons, respectively; AD is the specific cost due to the rail-
way wagon flow that exceeds the mean value, UAH; Ax;; is
the specific increase in the number of wagons transported
from station i to station j.

We consider the following factors to be constraints:

— constraints associated with the throughput of stations
and sections

ZN:(/scct _ZN:t/SCCt > H, (7)

— constraints on the length of a freight train wagons

S

DM ()<L ®
e=1

— a constraint that takes into account the term of cargo
delivery

t,+t,+t, <T. )

Under condition of arrival of the required number of
wagons to load points

1<x, <2 (10)

st/sect

where XN is the existing throughput of stations and sec-
tions, respectively, relative to trains; ZN:E/SCCt is the required
throughput of stations and sections, respectively, which is
required for the execution of transportation plan, in trains; IT
is the number of trains that can be engaged in the distribution
of railway wagons by destinations in a railway network. p.(e)
is the intensity of railway wagon flow on the e-th railway
station; S is the number of stations that a train calls; L. is the
length of dispatching tracks on the e-th station; t; is the time
needed to load xj railway wagons, h; t¢ is the time needed to
form a train, h; t is the time the train needs to travel the
distance to destination, h; T is the time of cargo delivery, h;
a; is the volume of cargo in the i-th point of loading, t; gy is the
average static railway wagon load, t/wagons.

The application on the network of railways of the result
of solution to the proposed model enables a dispatcher — the
one who handles wagons — to make rational management
decisions. That is, to plan and carry out on time the distri-
bution of railway wagons of a particular type depending on
demand for freight wagons. This model takes into account
both annual and monthly fluctuations in traffic. As well as
loading of transportation vehicles and railway infrastruc-
ture. This technology makes it possible to take both long-
term and operational decisions directly in the system of the
organization of railway wagon flows.

In order to automate management decision-making by
operational personnel on railway transport, we simulated
organization of railway wagon flows using the software
package “Graphic information system of a transportation
network of railways TMkarta”. The simulation was carried
out on a virtual railway polygon. The problem on modeling

was to build an optimal plan for the distribution of wagons
on the calculation railway polygon, taking into account a
predicted plan of irregularity in the transportation of appro-
priate cargoes. Graphic interpretation of the ordered set of
variants to manage a railway wagon flow on the calculation
railway polygon is shown in Fig. 7.

o
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Fig. 7. Graphic interpretation of the ordered set of variants
to manage a railway wagon flow

The system of displacement of a railway wagon flow
may be transferred from the initial state to the next by us-
ing transfer function Sk (sequence of optimal management
at each k-th step). Transfer function is determined by the
assessment of technical, technological, operational and eco-
nomic (cost) indicators.

A problem on choosing a technology to manage a wagon
flow for a given railway network polygon is determined by a
sequence of optimal management of the system

Sk {a(i)k e 1) e(i4+2) 50 g(i4+m)es } A

In this case, a condition must be satisfied to maximize
objective function W(g) — the saving obtained as a result
of the implementation of optimal plan of displacement of
a wagon flow during operational planning, which can be
represented as

W(e)=max kz f (e1,S%), (12)

=1
where n is the number of steps of the system; ¢ is the set of
stations along the path of a wagon displacement.

Method of optimal displacement of a railway wagon
flow in the railway polygon implies different variations of
the formation of wagon flows (route dispatch, transverse,
sectional, assembled trains) depending on the technological
limitations of the system. The proposed system makes it
possible to perform calculations for the polygons of any size
and at arbitrary time of planning.

6. Discussion of results of simulation

Formation of phenomena under examination is always
affected by a multitude of different factors. It should be not-
ed that accuracy of a one-time prediction does not yield the
same results during subsequent calculations. Full match or
significant difference between the prediction and its imple-
mentation can be a consequence of particularly favorable or
unfavorable circumstances. A one-time “good” forecast can
be obtained based on a “bad model” and vice versa. Howev-
er, the benefits of a neural network include the capability to
learn. Consequently, the quality of predictions can be judged
only when there is a set of comparisons between predictions
and their implementation.



Studies have shown that the devised predictive model
using a neural network belongs to the high precision class.
The experiment demonstrated that the mean absolute per-
centage error in transportation volume was 5.56 %. Such
mathematical apparatus could be used for finding predictive
data on railway transport.

Using the prediction of the volumes of transportation over
a subsequent period, we proposed optimal technology of cargo
transportation. The optimal technology of the organization
of railway wagon flows implies minimization of operational
costs for the transportation of cargo. In order to find the best
variant for the displacement of railway wagons, we propose to
consider a traffic irregularity factor, or seasonality.

To automate management decision-making by opera-
tional personnel of railway transport, we simulated orga-
nization of wagon flows using the software. The simulation
was performed on the virtual railway polygon. Based on the
aforementioned mathematical apparatus, we built optimal
plan for the distribution of wagons on the estimated railway
polygon, considering the projected plan of irregularity in the
transportation of appropriate cargo.

In order to calculate wagon flows of the entire polygon of
railways, a fundamentally new automated system to manage
and distribute wagons is required.

7. Conclusions

1. We performed a time series analysis, which helped
define the nature of series for different types of cargo. A
non-stationarity of the system was established. The struc-

ture of time series of the volumes of transportation of grain
and the products of flour mills clearly manifests a seasonal
component. Irregularity factor amounted to 1.7. For build-
ing cargoes, the irregularity is almost absent. Irregularity
factor for this case was 1.1. That is why, when calculating
a cargo transportation plan, as well as during operational
management of wagon flows, the irregularity in the trans-
portation of each cargo should be taken into account.

2. With regard to the features of input information, we
formed a neural network model for the prediction of volumes
of transportation. This method of forecasting possesses
considerable properties of adaptation to variable input data
through self-learning. The magnitude of accuracy in pre-
dicting the transportation is determined using the value of
mean absolute percent error that equaled 5.56 %. Given that
railway transport is a fairly inert system, such indicator is
sufficient for management decision-making.

3. We formalized technology of organization of railway
wagon flows. To find the rational variant of displacing
the wagons, we proposed to take into account irregularity
factor, or seasonality. Optimality is accepted to be minimi-
zation of operational costs for the transportation of cargo.
Based on the obtained data on transportation volumes, and
by using the optimization model, we received a solution to
the problem on optimal plan of the distribution of wagons
on an estimated railway polygon. The procedure of wagon
distribution is quite universal and makes it possible to adjust
the plan of train formation in real time. The proposed model
could be integrated into the automated working places of
dispatcher — the one who handles wagons, and a train dis-
patcher, for making rational management decisions.
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s ananizy ma yoockoHaieHH MPAHCROPMHO-I0ZIC-
MUMHUX CUCTMeM 3anPONOHOBAHI NI0X00U 6eKMOPHOT onmu-
Mizauii pynxuionanie. J[nsa 6invu no6nozo ma 00’ckmuenozo
8i0oOpascenns eaacmusocmeii 00’ €Kmie mpancnopmmo-Jo-
icmuvHux cucmem, nopso i3 Xapaxmepucmuxor cmawy,
8paAx08an0 OUHAMIMHI 61ACMUBOCMI CUCHEMU MA OKpe-
Mux enemenmis. Chopmynvoeano mamemamuuny mooes
ons onmumizauii dexinvkox napamempie i QyYHKUioHanie
ma opmyeanns noeHoi MHONCUHU ePeKMUBHUX NIAHIG.
Poszensanymo 3adany eexmopnoi onmumizauii pynxuionany 3
K8a0pamu1noo anpoxKcumauicto Qynxuii 0as ananisy npo-
X00XCeHHS NOMOKI8 6AHMANCIE6 Hepe3 CKAA0 MUMHUUL

Knouoei cnoea: yoockonanenns mpancnopmuo-noeic-
MUMHUX cucmem, 6eKMOPHA ONMUMIZAUIL, PYHKUIOHATLHI
Kpumepii, epekmueHi po3e’a3xKu
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Jnsa ananuza u ycogepuencmeo8anus mpawcnopmHo-
JIOZUCTUMECKUX CUCmeM NPedaodceHbl n00xX00bl 8eKmop-
HOU onmumuzauuu Qyuxuyuonanos. /lns 6onee nonnozo u
o0sexmuenozo omobpaxcenus ceoticmeé 00vexmos, Haps-
0y € xapaxmepucmuxoi COCMOSHUSL CUCMEMbL U OMOelb-
HbIX 3JIEMEHMOB, YumeHvl UX OuHaAMUMecKue CE0ucmed.
Chopmynuposana mamemamuuecxkas mooenv 01t ONMuMu-
3auuu HeCKONbKUX napamempos u QYHKUUOHAN08 U Pop-
MUpOBanUs NONAHO20 MHOJNHCECMBA IPPeKMUBHbIX NAAHOB.
Paccmompena 3adaua 6exmopnoil onmumu3auuu QyHKuuo-
Haaa ¢ KeaopamuuHol annpoxcumauuei GyHKuui 0aa ana-
JU3A NPOXOHCOCHUSI NOMOKO8 2PY3086 Uepe3 CKIAA0 MAMONCHU

Kntouesvie cnosa: ycosepwencmeosanue mpancnop-
MHO-TI02UCIMUYECKUX CUCMeM, GEKMOPHAS ONMUMUIAUUSL,
dynxuyuonanvuvie kpumepuu, 3 Pexmusnovie peuenus
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1. Introduction

Integration of Ukraine into the global economic system
puts forward new requirements to the development and
implementation of methods for the protection of economic
interests of the state. Absolutely relevant is the need for
achieving economic security when carrying out foreign
trade operations.

An increase in the competitiveness and quality of trans-
portation services for the economy should be promoted by
the creation of sustainable, cost-effective system of transport
and logistics.

Effective functioning of transportation sector at present
is impossible without implementation of information and
communication technologies, development of intelligent
transport systems (ITS). ITS provide systemic changes






