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Y. BOLZHELARSKYI 

PROBLEMATIC ISSUES OF THE INTERNATIONAL FREIGHT RAIL 
TRANSPORTATION TRAFFIC SAFETY 

The aim of the article. The aim of the work is to increase the safety of international freight rail traffic by identi-
fying priority ways to improve the relevant regulatory framework based on an analysis of the actual case of injury to 
an employee in the performance of his duties. Methodology. The study was conducted using the methods of foren-
sic railway science, which are used to determine the technical condition of the objects of railway transport and the 
construction of the mechanism of the railway accident. Results. The case of injury to an employee of the State Bor-
der Service of Ukraine while fulfilling his duties to inspect a car belonging to one of the European Union member 
states and the Organization for Cooperation between Railways is considered at the article. The forensic investigation 
of this case revealed the problematic issues of traffic safety in international freight rail transportation associated with 
the imperfection of the regulatory framework and the inappropriate approach of Ukrzaliznytsia officials to the for-
mation of a database of local regulatory documents. The regulatory framework in the field of traffic safety of inter-
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national freight rail transport is analyzed. The technical condition of the elements of a freight wagon belonging to a 
foreign state is established. The direct technical cause of the injury to the worker has been established. It is shown 
that the shortcomings in the development and maintenance of regulatory and technical documentation did not allow 
to establish the root causes and the sequence of intermediate technical reasons that led to injury to the employee. For 
the same reason, it was not possible to establish the technical possibility of preventing injury and to carry out claims 
work with a foreign state, that is, to protect the rights of a citizen of Ukraine. Scientific novelty. In the article, for 
the first time, methods for studying the mechanism of railway accidents (derailments and collisions of rolling stock) 
are applied to the analysis of the mechanism of human injury. Using these methods, the first case of injury to a citi-
zen of Ukraine in a freight car of a foreign state was considered. Practical significance. The research technique is 
considered that can be used in the analysis of similar cases in the future. The priority ways of improving the regula-
tory framework for traffic safety in the field of international railway transport are identified, which will improve 
traffic safety. 

Keywords: railway safety; international freight traffic; technical condition; mechanism of the railway accident 
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T. BOLVANOVSKA, S. BORYCHEVA, YU. M. HERMANYUK 

RESEARCH OF DYNAMICS OF CHANGE OF VOLUMES OF CARGO 
TRANSPORTATION BY RAILWAY AND MARINE TRANSPORT IN 
INTERNATIONAL TRAFFIC 

Purpose. The article aim is to analyze the volumes of transshipment and transportation of goods by sea and rail 
transport f Ukraine. Methodology. The studies were performed using methods of mathematical statistics. Results. 
The article analyzes the foreign trade of Ukraine with the countries of the European Union. Currently, the EU share 
in export and import of goods is more than 40 %, the share of the CIS countries is almost a half. The creation of a 
new international transport corridor Baltic Sea - Black Sea - Caspian Sea will contribute to the creation of a com-
prehensive strategy for the development of all types of transportation and existing infrastructure loading along the 
route. Freight transportation is characterized by a coefficient of irregularity, which for export goods in 2018 
amounted to 1.13, and for import – 1.19; for the seven months of this year its value was 1.10 and 1.13 for export and 
import respectively. The main groups of goods exported by Ukraine include agricultural products and food industry, 
metallurgy, engineering, mineral products, wood and paper pulp, light industry products, various industrial products 
and chemical products. In recent years, the export of finished goods and semi-finished goods has increased and the 
export of raw materials has been reduced, while the income from foreign trade is increasing. The development plan 
of the Yuzhny port for the future until 2038 provides for an increase in the volume of cargo arrival and departure, 
which in turn will necessitate the development of rail and road transport. To increase the transportation volumes of 
pellets, it is planned to deepen the internal channel to the operational water area of the quays of TIS terminals. The 
highest volumes of shipment by rail are observed for the most exported goods, while the railway transport infra-
structure does not meet European requirements and without the significant investments will not allow competing in 
the goods transit through Ukraine. Practical significance. The results of the research can be used to develop long-
term plans for the development of seaports and the railway infrastructure development directions. 

Keywords: seaport; railway transport; transshipment volume; stevedoring company; coefficient of irregularity 
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O. VOZNYAK 

METHOD OF DETERMINING THE COORDINATES OF A MOVING 
RAILWAY UNIT BY MEASURING THE INPUT IMPEDANCE OF THE 
RAIL LINE 

The aim of this work is to increase the efficiency of monitoring the movement parameters of railway vehicles 
through the use of an improved method for determining their coordinates within the rail circuit. For this purpose, an 
improved method is used to determine the secondary and primary parameters of the rail circuit in normal operation, 
with further use of the obtained value when determining the coordinates of the rail moving unit in the shunt mode of 
operation of the rail line. 

For this method, the operating mode of the rail circuit of the measuring section is first determined, which is 
based on determining its state behind the input impedance and involves performing in two stages: at the first stage, 
the state of the trip relay states that the rail circuit does not work in normal operation, and in the second stage, the 
shunt mode from the control mode is separated using the value of the input impedance of the rail line. The input im-
pedance of the rail circuit is defined as the ratio of measured voltage and current  at the beginning of the rail circuit 
of the measuring section. 

In the shunt mode of operation of the rail line, the coordinates are determined, and, if necessary, the speed and 
acceleration of the moving unit, which is located within the rail circuit. To increase the accuracy of determining the-
se parameters, in the normal mode of operation of the rail circuit, the measured values of the current, voltage and 
phase shift between them, clarifies the values of the secondary parameters of the rail circuit by solving the inverse 
task. This method does not require a significant amount of computation and allows you to determine the secondary 
parameters of the rail line, and through them the resistance of its insulation. 

Using this method allows you to determine the coordinate, and if necessary - the speed and acceleration of the 
moving unit, which is located within the rail chain. The obtained parameters can be used to control the moving rail 
units between stations. The application of this method can also be useful when moving units approach railroad 
crossings in order to implement a fixed notification time. In addition, due to the use of the outlined model, it is also 
possible, in the control mode of operation, to determine the coordinate of damage to the rail line, which will reduce 
the time spent on identifying and eliminating damage. 

Keywords: rail circuit; input impedance; coordinate of the moving unit; parameters of movement; improvement 
safety 
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V. VOROPAI, V. NECHEPORENKO  

APPLICATION OF COMMERCIAL INSPECTION AUTOMATED 
SYSTEM OF CARGO CARS IN STATIONS OF ENTERPRISES 

The article assessed the feasibility of introducing an automatic system for the commercial inspection of trains 
and wagons. The purpose of the system and its device are analyzed. Studied and described the process of the system 
at the station. The main advantages of the system are examined - inspection of moving freight rolling stock and the 
goods on it with the subsequent collection, processing, storage and documentation of information on the commercial 
condition of cars and goods and its transfer to an automated system for the operational management of transporta-
tion; improving the efficiency of operations for the commercial inspection of wagons; increasing the capacity of the 
railway station, reducing the time of delivery of goods; timely detection of commercial malfunctions, improving the 
safety of train traffic and the safety of transported goods, the release of the contingent. The introduction at the sta-
tions of enterprises, points of commercial service of an automated system for examining trains and wagons will 
make it possible for commercial inspections of trains to switch to paperless work technology. The results of the 
study suggest that the introduction of this system can significantly improve the quality of inspection of rolling stock, 
wagons and cargo, reduce the time it takes to conduct, and as a result, timely identify commercial failures that pose 
a threat to the safety of train traffic. This system significantly improves the procedure of commercial inspection, re-
duces the time for carrying out it, increases the throughput of the station, and also ensures compliance with labor 
protection by station employees. By introducing an automatic system for the commercial inspection of trains and 
wagons, it is possible to significantly save the monetary budget of the railway by reducing the staff of transceivers 
performing commercial inspection of trains. 

Keywords: automated system; commercial inspection; sensor; television system; size; operator 
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O. ZHYLINKOV 

ON THE ISSUE OF ESTIMATING ECONOMIC LOSSES IN THE 
CARRIAGE OF CARGO TRANSPORTATION WITHIN A LARGE 
INDUSTRIAL UNIT 

The article deals with topical issues of estimation of the general economic losses from freight transport. The 
purpose of the study is to estimate the economic losses incurred in the carriage of goods by road within a large in-
dustrial unit, taking into account all the costs and the amount of damage. Methodology. In the course of the study, 
the methods of field observations, scientific search, intellectual and statistical data analysis were applied. 

Findings. Separate calculation methods and methods are used as a basis for development, which are used in Eu-
ropean and CIS countries. It is established that considerable material damage is caused to objects and elements of 
transport and urban infrastructure. Industrial sites (cities and other settlements) are subject to harmful environmental 
impacts. They incur considerable losses and carriers, using vehicles in difficult road conditions. Road accidents 
(road accidents) involving freight vehicles also cause damage to the region's economy, carriers, road owners, third 
parties. 

Quantitative assessment is a set of separate economic calculations of different costs and amounts of damage. An 
assessment was made and appropriate calculations were made to determine the cost of repairs, restoration, recon-
struction and operation of the road farm; for repair, restoration of rolling stock, damage due to underutilization of its 
performance; damage from road accidents and costs of eliminating the consequences of an accident; reduced envi-
ronmental costs. 

The originality is that for the first time an extended method of calculation (quantification) of total damage, 
which is inflicted by road freight transport to the infrastructure and transport network of regions, industrial units, cit-
ies and other settlements, is proposed. 

The practical value is that the quantitative assessment will allow an objective assessment of the economic dam-
age, costs and losses of freight transport systems. Implementation of the proposed developments will facilitate the 
choice of more efficient options for the organization of transportation, the application of more rational types of roll-
ing stock, the complete or partial elimination of the harmful effects of road transport. 

Keywords: economic damage; road transport; freight 
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A.S. KRASULIN  

TRANSPORT SERVICES FOR INDUSTRIAL PLANTS WITH THE USE OF 
LOGISTICS ENERGY-SAVING TECHNOLOGIES 

In the conditions of market economy the question of efficiency of transport service of production facilities of the 
enterprises of various industries and objects of construction and national economy is extremely important. In this re-
gard, at the present stage for such enterprises is very relevant and important issue is the improvement of transport 
services through the development and implementation of advanced energy-saving transport technologies. 

The purpose of this article is the introduction of new logistics energy-saving transport technologies in the work-
ing process of freight cars during the shipment of goods in the shops of metallurgical enterprises. 

The article deals with the efficiency of the service point of shipment of slag metallurgical enterprises on the basis 
of logistics approach to the use of energy-saving transport technologies. Reducing the cost of transportation of 
goods, payment for the use of cars Ukrzaliznytsia and increasing the volume of shipment is an important issue in the 
transport of industrial enterprises. 

The question of transport service of slag processing shop at the metallurgical enterprise is of great importance 
from the point of view of efficiency of use of railway traction means - locomotives in the process of giving and 
cleaning of cars on point of loading and unloading of cargoes, and also operations on weighing, dosage and planning 
which is carried out on the railway tracks serving a loading and unloading platform of shop. 

In accordance with the operational conditions of the slag loading point, a new logistics energy-saving transport 
technology using mobile traction means on the railway and road course is proposed. A new approach to the issue of 
the efficiency of transport service of the slag loading point allows to reduce the downtime of cars in anticipation of 
transport operations with cars, as well as to increase the volume of shipment and release the locomotive to perform 
shunting works on other sites, while reducing energy costs and improving the environmental situation of the adja-
cent residential areas. 

Keywords: logistic energy-saving technologies and organizations; flow method; cargo processing; transport ser-
vice; locomotive; shunting tractor 
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IMPROVEMENT OF THE EFFECTIVENESS OF THE PROCESS OF 
SEPARATION OF COMPOSITION ON THE SORTING HUMPS 

The purpose of the study is dedicated to improving the quality of sorting process using the developed method to 
determine rational regimes of the train breaking up. These modes provide maximum of reliability division of the 
wagon cuts at switches, as well as the possibility of implementing a safe speed collision of wagons in marshalling 
tracks. Methodology. Investigations of the separations of the cut of the train at switches were carried out using sim-
ulation modeling. For research, we used the model for the running cut from sorting hump, which allows us to realize 
the set exit speeds from the brake positions when adjusting the braking zone of the cut. Findings. A quantitative as-
sessment of the indicators of the sorting process was carried out using the developed method for optimizing the 
braking modes of the cuts to control the process of decomposition of trains on one of the sorting hump of Ukraine. 
The performed analysis of the results showed sufficient efficiency of the developed method, which can be recom-
mended for calculating the exit speeds of cuts from brake positions in automation systems of the sorting process. 
The braking modes obtained as a result of optimization can provide a sufficiently high quality of interval regulation, 
as  well  as  the  possibility  of  realizing  a  safe  approach speed of  cuts  to  vagons  on  the  sorting   paths  of  automated  
humps. The scientific novelty of the work is to prove the effectiveness of the considered method of optimizing the 
composition breaking mode. Practical value of the thesis as well as developed models and methods can be used to 
create an automated process control system for breaking up of the stocks on sorting humps, as well as to assess the 
quality of the construction of projected sorting humps. Automation of humps will help to improve the economic per-
formance of stations, reduce the cost of processing cars, save energy for braking cuts and shunting, improve working 
conditions and safety of workers of the sorting  hump. 

Keywords: braking modes; cut; sorting hump; optimization; automated system 

Introduction 

Automation of the process of disbanding trains 
is one of the main ways to improve the efficiency 
of the operation of sorting humps, improving the 
quality of the process of disbanding the composi-
tions and effective using of technical facilities. 
Creating a modern automated control system for 
the sorting process would improve the productivity 
of sorting humps, reduce downtime of wagons at 
sorting stations, and due to this way speed up the 
process delivery of goods, reduce the turnover of 
wagons and their fleet. In addition, the automation 
of the humps will further improve the economic 
performance of the stations, reduce the cost of pro-
cessing cars, saving  of energy resources for brak-
ing cars and shunting work, improve the conditions 
and safety of humps workers. 

An element of creating an integrated automa-
tion system is the introduction of the microproces-

sor system of automatic speed control (ASC). The 
ASC system is designed for calculating and then 
setting in real time the cut speed values at the exit 
from the brake positions, ensuring that the condi-
tions for separating the cut routes for separating 
switches (interval control) and the safe connection 
of carriages on sorting paths (aiming control). 

As the analysis of existing systems showed au-
tomation of the disbanding process compositions 
on the sorting humps, the automatic regulation of 
cut the rolling speed is a rather complicated task 
[1-4]. It's necessary to determine the optimal brak-
ing modes (BM) of the composition cut and ensure 
their implementation with sufficient accuracy in 
the process of realization [5-7] to ensure reliable 
separation of the sliding cut on the switches and the 
safe  speed  of  their  collision  with  the  cars  on  the  
tracks. 
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Research of the rolling cut process with differ-
ent parameters under the conditions of the random 
factors action [8] showed that their influence sig-
nificantly complicates the determination of BM of 
cut during the dissolution of the compositions. 
Random errors in measuring the parameters of cuts, 
used  to  determine  the  optimal  BM,  as  well  as  er-
rors in their implementation can significantly in-
crease the likelihood of separation of cut on  the  
switches.  In  this  regard,  it  is  necessary  to  search  
for such BM, at which the calculated intervals on 
the separating elements between all detachments of 
the composition reach a maximum. This will pre-
serve the minimum interval between cuts, neces-
sary for their successful separation in the event of 
an adverse combination of influencing factors oc-
curring and thereby reducing the likelihood of non-
separation during the dissolution of the composi-
tions on the sorting humps. 

Main part 

Mathematical models of rolling cut is carried 
out with a uniform distribution of the energy height 
which the cut braking, redeemable throughout the 
range of the brake position, not entirely consistent 
with the actual braking process. 

An improved mathematical model for rolling 
off  from  the  sorting  humps  was  proposed  in  [9],  
which allows you to control the choice of a zone of 
brake release. The cut is braked by the rated power 
of the moderator at the selected degree of braking. 
In the model, the braking mode of each cut rolling 
down the hump is represented by the vector U=(U , 
U ) of the speeds of its release from the brake po-
sitions of the discharge part of the sorting hump 
and the vector Ssb =( sbS , sbS ) the points of the be-
ginning of braking at the corresponding brake posi-
tions (BP). 

As the analysis has shown, in real conditions, 
the given output speed of the detachment U can be 
implemented using many modes that differ in the 
coordinate of the point of the start of braking Ssb. 
In this case, the length of the braking zone Lb is 
uniquely determined by the coordinate Ssb and the 
given speed U. 

The analysis performed in [10] showed that 
each of the output speeds U , U  may have several 
restrictions of a different nature; all possible values 
of the vector U=(U , U ) belong to the region of 
permissible speeds (RPS) of the output from the 
upper (UBP) and middle (UMP) brake positions. 

The constraints that form the RPS are deter-
mined by four groups of factors: 

– braking power retarder brake positions; 

– permissible speed of rolling of cut on  the  
downhill part of the sorting hump; 

– requirements of aiming speed control cut; 
– the possibility of implementing a given speed 

of cut out of the brake position. 
The research results showed that the configura-

tion, dimensions and positions of the RPS signifi-
cantly depend on the design of the hump, as well 
as on the cut parameters and rolling conditions [7]. 
Therefore, the methodology was formalized and 
the algorithm for constructing the RPS taking into 
account the above parameters was developed. The 
method is based on the use of simulation modeling 
of rolling out of an unhooking from a hill; it also 
makes it possible to identify and exclude inactive 
restrictions on the speed of cut from the BP before 
starting the optimization problem. 

The choice of braking modes is determined 
both by the parameters of the rolling-off cut of the 
train, and by the sequence of numbers of switchs of 
their separation. Thus, in almost all systems of au-
tomation of the sorting process [11], the choice of 
modes for separation the trains and rolling them 
out takes into account the coordinates of the sepa-
ration  switchs,  which,  in  turn,  are  determined  by  
the rolling routes of the adjacent cut trains. 

Meanwhile, in [12] the possibility of surges on 
beam switches between non-adjacent cuts of the 
composition (cut separated in the composition by 
one or several other cut) and, consequently, the 
need to take into account such situations between 
these cut was noted. 

The analysis of cut divisions on switches using 
the probabilistic approach, performed in [13], al-
lowed us to obtain an analytical expression (1) to 
determine the probability of separating an arbitrary 
pair of composition cut on some switch . In order 
for this separation to take place, it is necessary that 
the i  and ( i k  ) cut pass the switch  in different 
directions; at the same time, all cuts from 1i  ) 
to  ( 1i k  ) should not proceed through this 
switch. Then the specified probability can be de-
fined as 

1
l r l r

,
2 ( ) ( ) ( ( ) ( )))

( 1)

k

i i k k

m m m m  (1) 

It was shown that the conditions of separation 
of non-adjacent cut not less affect the quality of the 
management of dissolution than the normally con-
trolled conditions of separation of adjacent cut of 
the composition. 

For the convenience of analyzing the divisions 
of routes of a particular composition, they were 
represented by an upper triangular matrix [14], the 
rows and columns of which were assigned to the 
number of ways to assign its release sequence. The 
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elements of the matrix ij , i j  are the numbers 
of the switch positions, which separate the routes 
of the cut i  and j ; following, respectively, on the 
way ,i jW W . 

A method was developed to determine the actu-
al  number  of  cut separations in specific composi-
tions. The method provides for the definition of all 
elements of the matrix of numbers of switches for a 
particular sorting hump and composition using the 
Boolean functions: 

( , )ij i j , 

,i j  –  codes  of  destination  paths  of  the  i and j  
cuts. 

The code of each sorting path  is formed in 
such a way that it is possible to determine the posi-
tion of the switches in the route to this path. The 
specified code in binary form consists of N digits 
by the number of switch positions on the sorting 
hump. 

The proposed method allows you to determine 
the elements of a triangular matrix for each specif-
ic composition, disbanded on the sorting hump 
with any design of the switch mouth. The analysis 
of the matrix allows you to set the total number of 
divisions of cut composition, as well as their dis-
tribution among individual switch positions. 

The results of statistical processing of sorting 
sheets on one of the large sorting stations in 
Ukraine showed that the total number of separa-
tions is on average 1,71 times higher than the 
number of separations of adjacent pairs of cuts. 
The number of separations in the composition is 
linearly dependent on the number of cut (fig.1); the 
correlation coefficient between the number of cut 
and the number of divisions is 0.96. 

 
Fig. 1. Correlation dependence between the number of 

divisions Rn and the number of cuts n in the composition 
for Odessa-Sortuvalna station 

Thus, the data obtained allow us to conclude 
that a sufficiently large number of cuts compounds 
have multiple separations with non-adjacent cuts 

and therefore they need to be taken into account 
when solving a wide range of practical tasks aimed 
at improving the efficiency of the sorting process 
on the humps, including and when optimizing the 
mode of dissolution of the compositions. 

In [15], a method was developed to optimize 
the mode of dissolving of the composition, which 
takes into account the conditions of separation be-
tween non-adjacent cuts of the composition. 

The task of optimizing the mode of dissolving 
trains to improve the quality of interval speed con-
trol is to maximize the intervals on the switches be-
tween all  pairs  of  cut  units.  Therefore,  as  an opti-
mization criterion, it is advisable to use the vector 
of intervals between the cuts of the composition, 
constructed taking into account the multiple divi-
sions of each of them: 

t=( t1, t2, , tc)  max  (2) 

c – is the total number of cut separations in the 
composition, in composition including non-
adjacent. 

As the analysis showed, the ti intervals in (2) 
are not independent. A change in the mode of inhi-
bition of  an cut  leads to a  change in the values of  
the set of intervals ti of the vector t. In this case, 
those intervals with which the controlled detach-
ment has a separation on the switches, incl. and 
secondary. 

In  this  regard,  it  is  obvious  that  it  is  necessary  
to control all the specified intervals in the process 
of solving the optimization problem. To this end, 
when choosing the braking mode of the i cut, it 
was proposed to consider the tuple of all cut mem-
bers of the train, which are separated from this cut 
(fig. 2). In this tuple, in addition to the controlled i 
cut and adjacent cut with numbers p1=(i–1) and 
q1=(i+1) it is necessary to include all other cut units 
that have a separation with the i cut. These are cuts 
with numbers p2…,p

N
, located in the composition 

up to the controlled one (p< …< p2 < p1= i-1) and 
also cut numbers q2, …, q

N
,  located after it (q1=i+1 

< q1 < q2 < … < q
N
); N - is the number of switch po-

sitions on the hump. 
The number of cuts in a tuple depends on the 

combination of their purpose in the composition 
and on the design of the hump neck; the maximum 
number of cuts having a separation with a con-
trolled  one  and  located  before  and  after  it  is  2N. 
The tuple composition of the i cut  can  be  unam-
biguously determined according to the matrix of 
numbers of dividing switches of the composition 
cut. 
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Adjacent cuts 

Managed cut 

i 

Direction of dissolution 

P2 pN q2 qN       p1 pN-1 q1 qN-1 

Non-adjacent cuts, having a 
separation with i and located 

to him 

Non-adjacent cuts, having a 
separation with i and located 

behind him 
 

Fig. 2. Scheme of tuple managed cut

Then, the partial criterion of the optimality of 
the braking mode of the i cut, determined at fixed 
modes of all cut, which have separation with con-
trolled, will be the absolute value of the difference 
of  the  minimum  intervals  with  the  cut,  which  are  
located in the composition before and after the i. 

1 2 1 2
( ) min , , min , , min

N Ni i p p p q q qt t t t t t tr

 
Using the given partial criterion for individual 

cut,  it  is  possible  to  construct  a  target  function  to  
optimize the mode of dissolution of the composi-
tion: 

2 3 1, , , minnt t tT  
In this expression, all values it  associated 

with appropriate cut 2, -1n  and ordered by their 
composition. 

To take into account the relationship between 
interval and sighting regulation of the speed of cut, 
as  well  as  the existing restrictions on the speed of  

their rolling down when selecting braking modes, 
their affiliation to the area of permissible speeds of 
their exit i  from the upper BP and average BP is 
controlled. These areas should be determined for 
each detachment of the composition prior to the 
start of solving the optimization problem and are 
its restrictions. 

In the process of optimization, the composition 
is gradually divided into groups in which the 
alignment of the values of adjacent intervals oc-
curs; at the same time, the alignment of the inter-
vals does not occur in each group separately, but at 
the same time throughout the whole composition 
(fig. 3). This result is achieved due to the use of re-
serves of intervals between the detachments of the 
composition, which are in groups with favorable 
conditions of separation and redistribution of these 
reserves between the detachments of the composi-
tion, which are in groups with unfavorable condi-
tions of separation. 

 
Fig. 3 Changing the size of adjacent intervals in the optimization process: 

a) before optimization; b) after some iterations



 

56 

As a result of optimization, such modes of brak-
ing of cut are established, at which the maximum 
possible intervals on the separating switches are 
provided for all unfavorable conditions of separa-
tion of the groups of cuts (fig. 4). The boundaries 
of the groups are cut with extreme modes of roll-
ing: fast (F) and slow (S). 

Statistical processing of the interval values 
(fig. 5) obtained as a result of optimization showed 
that the value of the mathematical expectation of 
the interval between adjacent cuts is [ tac]=6,6 s, 
between non-adjacent cuts is [ tnc]=42,2 s. 

 
Fig. 4. Distribution of intervals between cuts after the end of optimization braking modes 

 
Fig. 5 Histogram of the distribution of the size of the intervals between cuts: a) adjacent; b) non-adjacent 

Conclusions 

The analysis of the indicators of the sorting 
process showed a sufficient efficiency of the meth-
od for optimizing the modes of dissolving the 
compositions developed in [12], which can be rec-
ommended  for  calculating  the  release  rates  of  the  
cut positions in the automation systems of the sort-
ing process. 

The braking modes obtained as a result of op-
timization provide a sufficiently high quality of in-
terval control, as well as the possibility of imple-
menting a safe speed of collision of cuts on the 
sorting tracks of automated humps. 
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A.MASLAK 

THE STATE AND WAYS TO IMPROVE THE EFFICIENCY OF THE 
MATERIAL MOVEMENT PROCESS MANAGEMENT IN THE 
PROCESSING OF EXTERNAL WAGON TRAFFIC OF 
METALLURGICAL ENTERPRISES 

The external wagon flow of a large metallurgical enterprise was identified with the development of a concept of 
dual operations. Four functional stages of processing an external carriage stream in the process of material move-
ment were identified: unloading of bulk raw materials in the transport and cargo complex, selection of cars for load-
ing in the transport complex, loading of finished products in the transport and cargo complex of the workshop, and 
sending cars to an external network. Each stage was investigated from the point of view of the used technical means, 
technology and organization of the interaction of production and transport links during the promotion of wagons of 
the external fleet, as well as the management of stream processes during cargo processing. Factors were identified 
that affect the duration of processing of the external car flow at each stage. It has been established that the longest 
duration of rolling stock during double operations, as well as the influence of various factors, are characterized by 
transport and cargo complexes for unloading raw materials and shipping finished products, in which transport tech-
nology interacts directly with production and, often, adapts to the latter. This circumstance significantly complicates 
the work of transport in terms of the dynamics of both the production process and the external environment, which 
leads to an increase in transportation costs of the enterprise during the turnover of wagons of the external fleet. The 
studies conducted allowed us to identify ways to solve the problem associated with the development of optimization 
models for the operation of PTS subsystems using production resources, their integration into a single system and 
the transition to logistics management of the material movement process. The basis of system control of stream pro-
cesses is the Just-in-time concept, which allows you to create the optimal system cycle of dual operations, ensuring 
the efficiency of the enterprise’s production process. 

Keywords: external wagon flow; metallurgical enterprise; dual operations; enterprise material movement process
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NAZAROV OLEKSII 

IMPROVEMENT OF QUASI-CONTINUOUS SPEED CONTROL SYSTEM 
OF CUTS ON THE SORTING TRACKS 

Purpose. The aim of the work is to propose options for improving the quasi-continuous speed control system of 
cuts on the sorting tracks and to search for a rational combination of system parameters to determine the potential 
possibilities of each improvement option. Methodology. The research was carried out on the basis of an analysis of 
the results of simulation modeling of the filling process for sorting tracks with cars, which are equipped with a qua-
si-continuous speed control system of cuts. In order to achieve the best quality indicators for filling the sorting track 
with cars, the parameters of the quasi-continuous speed control system of cuts were varied. As a result, the obtained 
simulation results for the options were analyzed and compared with each other and with the base option. Findings. 
In the work, the basic option is a quasi-continuous speed control system of cuts on the sorting tracks, equipped with 
uncontrolled point wagon retarders and two fundamentally different options for improving the system are proposed 
in order to improve the quality indicators of filling the sorting ways with cars: 1) to use uncontrolled point car accel-
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erators-retarders instead of uncontrolled point wagon retarders in the system as point wagon speed controllers; 2) to 
introduce control of point wagon retarders in the system. The first option of improving the system as compared with 
the basic option can provide an improvement in the degree of filling of the sorting tracks with cars by 1.5% for a 
half as much slope and half as many point controllers for the speed of cars. The second option of improving the sys-
tem as compared with the basic one provides the same quality indicators of filling the sorting tracks with cars on a 
smaller slope of the sorting track and with a smaller number of point speed controllers by 5-10º%. Practical value. 
The results of the study can be used in the case of the introduction of a quasi-continuous speed control system of 
cuts n the sorting tracks of yards.  

Keywords: point wagon speed controller; cut; slope; sorting track; filling the tracks with wagons 
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A. M. OKOROKOV, R. V. VERNIHORA, P. S. TSUPROV, R. A. SUZAK 

IMPROVEMENT OF THE LOGISTICS OF RAW MATERIALS SUPPLIES 
THROUGH INTRODUCTION OF PRIVATE TRACTION 

The aim of the work is to study the effectiveness of introducing private locomotive traction at a limited railway 
landfill for transporting raw materials from an individual enterprise from the place of production to the place of 
main production. Methodology. In the research process, analysis and synthesis methods were used to study the con-
tent and main provisions of scientific publications on the state and prospects of using private locomotive traction in 
the railway transport of Ukraine; methods of statistical analysis to determine the functioning parameters of individu-
al elements of the logistics chain of supply of raw materials to enterprises from the place of production; method of 
technical and economic calculations to determine the payback period and economic efficiency of the proposed 
measures. Results. Considering the current situation with the transportation of goods by rail, namely locomotive 
traction, it can be argued that the introduction of private traction in certain areas will improve the situation. This 
method can significantly reduce the turnover of rolling stock, reduce transportation costs, as well as significantly re-
duce the stock of raw materials at the manufacturer. At the same time, the use of private traction only for the trans-
portation of private cars to one enterprise in no way violates the technology of railway transport and the monopoly 
of UZ. The positive experience of using a similar transportation scheme in Ukraine and abroad has shown that, if 
there is the possibility of rail transportation by alternative carriers or own locomotives of enterprises, the quality in-
creases and the cost of the corresponding transport operations decreases. Scientific novelty. The results of the study 
allow us to bring the scientific basis for the introduction of private locomotive traction in certain areas, as well as the 
optimization of logistics chains for the transportation of goods by rail. Practical significance. Optimization of cargo 
transportation by rail through the introduction of private traction can reduce the costs of enterprises by investing in 
rolling stock and stocks, which in turn will reduce the cost and improve the competitiveness of manufactured goods 
in the world market. 

Keywords: logistics; private traction rolling stock; optimization of the transportation process; economic efficien-
cy, payback period of investments 
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S. POZHIDAEV, YE. KISELEVSKII 

DETERMINATION OF CALCULATED RUNNERS PARAMETERS 
WHEN DESIGNING SORTING HUMPS TAKING INTO ACCOUNT 
CHANGE IN THE WEIGHT OF COMPONENT PARTS OF CARS AND 
THEIR ACTUAL CONDITION 

The purpose of the study is to improve approaches to determining the parameters of the calculated runners (un-
hooks) in the design and inspection of sorting devices, taking into account changes in the operation of the actual 
condition of the cars. Methodology. Based on the methods of probability theory and mathematical statistics, it is es-
tablished that the mass of wagon wheels has the greatest dispersion in the formation of wagon tare mass, since their 
state changes to the greatest extent. Processing of statistical material for establishment of dependence between the 
sizes of wheels and weight of cars is made. The results of the study showed that it is difficult to take into account 
the decrease in the mass of cars in operation has slightly effect on the basic design parameters of sorting devices, but 
its actual value is important for regulating the modes of their operation, especially in adverse conditions. Originali-
ty. The empirical dependences of the mass of cars and wheel pairs on the thickness of the wheel rim are obtained, 
taking into account both the variability of their sizes and the uneven wear of the contact surfaces, which together al-
lows to more accurately determine the mass of the calculated runners on the basis of statistical analysis. Practical 
value. The view of the actual condition of cars, which will be formed in the automated system "a Digital model of 
marshalling yard" or modern systems of control and diagnostics of a rolling stock allows to improve the quality of 
engineering decisions in projects new or reconstruction of existing screening devices to improve security and relia-
bility of their work and to lead an emergency technological situations when dissolution of compounds in real condi-
tions. 

Keywords: hump; the estimated weight of the runner; a pair of wheels; the thickness of the wheel rim 
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H. O. PRYMACHENK , L. I. DMYTRIV, Ya. . UZ 

RESEARCH OF THE PREREQUISITES OF HIGH-SPEED TRAFFIC 
ORGANIZATION IN UKRAINE 

The purpose of the work is to improve the technology of maintenance of carriages at the stations of docking sta-
tions of tracks of different widths by choosing rational cost and time parameters of the logistics chain, which will al-
low to improve the performance of the border railway stations. Through methods of analyzing the existing experi-
ence of European countries, to establish possible measures for the integration of Ukrainian railways into the EU 
transport network on the basis of active cooperation in the construction of 1520 mm track in the territory of Western 
Europe, as well as the modernization of the existing European track in Kovel. In order to achieve this goal, the fol-
lowing results were obtained in the work: the analysis of existing technologies and scientific approaches to the for-
mation of technologies for the maintenance of wagon traffic at the stations of docking stations of different widths; a 
complex of mathematical models was developed to investigate and select an efficient way of transferring carriages 
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from a track of 1435 mm to a track of 1520 mm and backwards. The scientific novelty lies in the theoretical justifi-
cation of the processes of servicing wagon traffic based on the implementation of logistic approaches. Practical im-
portance is: development of a model of decomposition of carriages of heterogeneous structure at stations of jointing 
of tracks of different width, which allows to minimize the operating costs and time of stay of cars at these stations; 
formalization and solution using the vector optimization methods of the task of determining the rational parameters 
of the process of servicing of carriages at stations of docking of tracks of different width, which allows to improve 
the system of operational performance of the station during the overloading of cargoes, changing the carts of freight 
wagons and passing cars through the SUW system. 

Keywords: sliding wheel pairs; railway lines; SUW-2000 system; logistics of passenger rail transportation 
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I. SKOVRON, Y. DEMCHENKO, A. DOROSH, V. MALASHKIN 

METHODS OF DOUBLE DIRECTION FORMATION OF MULTI-GROUP 
TRAINS 

The purpose of the work is to accelerate the formation of multi-group trains, both on humps and on non-humps 
double-sided sorting devices by adapting the known methods of multi-group trains forming for use on a doublesides 
sorting devices. Well known and most effective methods of the multi-group trains formation such as combinatorial, 
distribution, uniform growth methods, as well as the basic and double step methods were selected for the adaptation. 
Methodology. To study the process of multi-group trains forming, methods of combinatorics, mathematical statis-
tics and functional modeling was used. The formalization of classical single-sides methods of train forming was 
based on existing research. Adaptation of these methods was performed to provide the effective multi-group trains 
forming on double-sided sorting devices. Results. The methods of multi-group trains forming were formalized in 
the article. Based on the obtained dependencies, a functional model of this process was built. The model adequately 
imitates all stages of  the multi-group trains forming process. Using the functional model the effectiveness of pro-
posed forming methodology of the multi-group trains with different characteristics on various sorting devices was 
evaluated. Practical significance. The developed methodology of the multi-group trains forming allows to speed up 
the sorting process and reduces the dwell time of local cars at marshalling yards. For this purpose the methodology 
should be included as an additional program unit into the decision support system for the stations dispatch staff. 
Based on the information about the cars of multi-group trains and specialization of the classification tracks the sup-
port system can imitate the formation process according to various methods and as a solution gives the shunting plan 
built on method which provides minimal duration of train forming. 

Keywords: local cars; methods of multi-group trains forming; double-sided sorting device; low power hump; 
functional modeling 
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