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B. TOROPOV, T. BOLVANOVSKA 

DEVELOPMENT AND USE OF SYSTEM APPLICATIONS 
ACADEMICIAN V. . OBRAZTSOV OF DESIGNING RAILWAY 
STATIONS OF UKRAINIAN SPECIALISTS 

Purpose. The aim of the work is to highlight the scientific heritage of Academician V. M. Obraztsov, which is 
associated with systemic representations of the railway stations and hubs development and their further use. Research 
Methods. The problematic and historical-chronological methods were the basis of the methodological approaches of 
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the study. The following methods were used in the study: empirical analysis; systematization method; periodization 
method. Results. At the beginning of 1900, Obraztsov V. M. published scientific works, which became the beginning 
of the development of problems in the scientific operation of railway transport. An important stage in the scientific 
work of Academician Obraztsov was the writing of fundamental works and the implementation in practice of complex 
projects for the development of transport hubs (1923-1933). The projects of uniting the hubs were aimed at concen-
trating their management from one center. These projects had a comprehensive nature: there were solved the problems 
of train formation plan, placement of marshalling yards and interaction of all transport types. The theoretical achieve-
ments of Obraztsov and his experience of developing projects became the basis for writing the fundamental work 
«Basics of the transport hubs designing» by the Institute of Complex Transport Problems (1959). The stages of the 
formation and development of the Kyivdiprotrans Institute and its contribution to the development of regulatory doc-
uments are given. In 1960, Kyivdiprotrans developed the «Guidelines for the designing of master schemes for the 
development of railway hubs and stations”, the main provisions of which were reduced to the integrated development 
of all types of transport, the procedure for the development, composition and coordination of design materials for all 
chapters of the master plan of the railway hubs and stations development, which had a great importance for designers, 
examiners, local governments, railway, port and industry managers. Institute «Kyivdiprotrans», using theoretical de-
velopments, its design experience and the experience of similar design institutes, developed guidelines for designers. 
The guidelines played a significant role in improving the design system of railway stations and hubs, improving the 
quality of projects and, as a result, improving the efficiency of the railway industry. In developing the guidelines, 
Obraztsov’s works were used and an integrated approach to the design and reconstruction of hubs was provided. 
Practical significance. The contribution of academician Obraztsov to the development of transport science and the 
development of regulatory documents for the design of railway hubs and stations from the standpoint of the complexity 
and scientific unity of transport science was highlighted. 

Keywords: Obraztsov V. .; railway stations and junctions; systematic research; regulations 
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S. V. VOYTKIV 

DIRECTIONS FOR CREATING PERSPECTIVE COMPETITIVE 
SLEEPING RESERVED WAGON OF INCREASED COMFORT 

Purpose. The aim of the work is to study the directions of creating promising competitive sleeping reserved wag-
ons to ensure the improvement of the quality and comfort of passenger transportation. Methodology. The study was 
carried out on the basis of the analysis of literary sources and regulatory documents and on the basis of the methods 
of mathematical analysis of the main technical parameters of sleeping reserved wagons.  
Findings. In the course of research, it was found that improving the quality and comfort of passenger transportation 
in sleeping reserved The study was carried out on the basis of the analysis of literary sources and regulatory documents 
and on the basis of the methods of mathematical analysis of the main technical parameters of sleeping reserved wagons 
is possible by increasing the width of the cars to 1-T or 1-VM regulated by dimensions, that is, up to 3.4 m and 
designing cars according to the new layout schemes developed on the basis of the use of two or one tambour located 
at one end of the wagons or in the middle of their bodies. The proposed layout schemes provide for an increase in the 
width of longitudinal passages in the passenger rooms, equipment of wagons with three sanitary rooms and beds 
equivalent in size to beds. The layout scheme of reserved wagons with one tambour located in the middle part of their 
bodies provides a higher level of passenger transportation comfort due to the separation of passenger rooms into two 
separate parts with a capacity of 30 people, which significantly reduces the noise level in each part of the premises. 
The safety of passengers in reserved wagons equipped with one vestibule is ensured by two emergency exits. Origi-
nality. The scientific novelty of the work lies in the fact that for the first time, based on the selected criteria, indicators 
and their mathematical expressions are proposed for an objective determination of the comfort levels of sleeping 
reserved wagons. Practical value. The developed layout schemes for sleeping reserved wagons provide a significant 
increase in their level of comfort while maintaining overall passenger capacity, improving the quality and safety of 
passenger transportation. 

Keywords: sleeping reserved wagon; comfort criteria; layout scheme; wagon comfort level 
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E. FILATOV 

SUBSTANTIATION OF TECHNICAL COMPATIBILITY OF NECKLACE 
RAILWAY STATIONS AND ROLLING STOCK 

Purpose. The purpose of the study is to substantiate the technical compatibility of the switch necks of railway stations 
and rolling stock. Technique. Technical compatibility of the necks of railway stations and rolling stock means the method 
of interaction of the elements of the structures of the switch necks and rolling stock in accordance with the established 
safety requirements. As criteria for evaluation of technical compatibility of elements of structures of switch necks and 
rolling stock, compliance with conditions of car movement in a coupling and their automatic coupling is accepted. Anal-
ysis of the established methods of determining the spatial-coordinate relationship of the track infrastructure and rolling 
stock in the horizontal plane showed that deviations of its control points from the track axis play a decisive role. These 
phenomena depend on two groups of factors: the parameters of track structure (the presence and parameters of curves, 
straight inserts, their mutual placement) and the design of the rolling stock (the length of the bases of the trolley and car, 
the length of cantilever part, the design features of the trolleys, the amount of grip and the angle of deviation of the 
automatic coupler). Graphical and analytical methods of determining the corresponding radius values are proposed to 
evaluate the design of the switch necks according to the condition of providing automatic adhesion. The study also ob-
tained an expression for directly calculating the radius value that ensures safe movement in the coupling depending on 
the angle of deflection of the automatic coupler shank. This made it possible to assess the ability to interact with each 
other of the structure elements of and rolling stock when moving in a coupler depending on the position of the automatic 
coupler elements (skewed and not skewed position of the traction clamp, taking into account the normal or buried position 
of the automatic coupler). To determine the complex criterion in designing the necks of railway stations providing tech-
nical compatibility with rolling stock, a comparison of permissible radii during automatic clutch and clutch movement 
for various types of rolling stock was made. The values of radii that provide automatic adhesion are 1.3-3 times higher 
than those required for effective movement in the coupling (even when the shank of the automatic coupler is buried). 
Therefore, as a complex criterion of technical compatibility in the development of requirements for the design of switch 
necks of railway stations, the condition of automatic adhesion can be adopted. Results. It was obtained that the values of 
deflection angles at different positions of automatic couplers can differ more than twice, which requires additional re-
strictions when maneuvering with groups of cars. The calculations confirm the possibility of power interaction of the 
automatic coupler elements due to non-conformity of the design standards of track structure and rolling stock. In addition, 
in the designs of existing necks of railway stations, more than 20% of curves have radii less than those allowed by modern 
design standards of railway stations, up to half - by the design standards of wagons of mass types and up to 80% - by the 
design standards of cars of increased size. This additionally reduces the technical compatibility of fishing mountains and 
rolling stock, creates excessive loads during interaction. The "gap" shown between the parameters of track structure and 
rolling stock can lead to a number of negative consequences associated with the processes of movement in the coupling 
and traction of cars. Scientific novelty. In order to ensure the safety and effectiveness of the interaction of the switch 
necks of railway stations and rolling stock, a method of comprehensive assessment of the track structures of railway 
stations according to the criterion of technical compatibility with rolling stock has been proposed; a simulation model of 
the interaction process in the track structure-car system has been developed, which allows determining requirements for 
structural schemes of track structure of a high degree of complexity; main taxa of interaction conditions are established; 
requirements of technical compatibility of switch necks of railway stations and rolling stock are supplemented; criteria 
for identifying calculated categories of cars were clarified, parameters of track structures were obtained that ensure tech-
nical compatibility of the necks of stations and rolling stock. Practical importance. The obtained technique can be used 
at stations to localize the most dangerous sections of tracks and identify the category of cars that cause operational re-
strictions in the operation technology. The application of the results obtained in the development of projects for the 
construction and reconstruction of railway stations, the production of switch products, and the improvement of rolling 
stock structures will ensure their technical compatibility and significantly improve operational quality. 

Keywords: switch neck of the station, parameters of track structure, car of increased dimensions, technical compati-
bility. 
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SIMULATION AND OPTIMIZATION OF FREIGHT CUSTOMS 
COMPLEXES` BASED ON QUEUEING SYSTEMS 

Abstract. The purpose of the article is to create a simulation model for the study and optimization of a freight 
customs complex`s structure when performing export and import operations, comprehensive service provision, and 
the stowage of goods in a customs warehouse or a temporary storage warehouse. Methodology is the simulation 
modeling of queuing systems. The mathematical model of the freight customs complex (FCC) is presented as a queu-
ing system. The simulation model of the freight customs complex has been developed in the GPSS World simulation 
automation package. The simulation model was tested including two stages –verification and validity check. Studying 
the properties of the model, simulation accuracy was estimated; the length of the simulation transition period was 
determined; the stability of simulation model responses was evaluated; the sensitivity of model responses to changes 
in the number of vehicles requiring service was determined. Findings. Based on the developed simulation model, it 
was conducted the study on customs and logistics service operations provided for freight owners in the export and 
import of goods, comprehensive servicing, and freight storage in a customs warehouse and a temporary storage ware-
house. The simulation model validation results at one of freight customs complexes in the Kyiv region are presented. 
Originality consists in the opportunity to research the processes at freight customs complexes using simulation mod-
eling with the different degrees of detail and over time optimizing its structure. Practical value. The developed sim-
ulation model of the freight customs complex provides an opportunity to identify the average time spent by vehicles 
on the territory of the freight customs complex when performing export and import operations, comprehensive service 
provision, and the stowage of goods in a customs warehouse and a temporary storage warehouse; the probability of 
service refusal due to the lack of parking spaces for vehicles in the customs control zone; the optimal number of 
customs inspectors and vehicle parking spaces; the optimal sizes of warehouse space for placing freight in a customs 
warehouse or a temporary storage warehouse. This will make it possible not only to analyze the operation of the freight 
customs complex but also to optimize its structure, to determine measures that will increase the throughput capacity 
of the freight customs complex. 

Keywords: freight customs complex; simulation modeling; queuing systems

Introduction 

For foreign economic activity realization, 
freight customs complexes with customs ware-
houses, temporary storage warehouses in their 
structure performing freight forwarding, customs 
and brokerage as well as other functions are the 
most demanded.   

Freight customs complexes located throughout 
the country have a different level of technical, tech-
nological and organizational support, as well as dif-
ferent throughput capacity restricted by the availa-
bility of personnel and free space for access to their 
territory or facilities to store goods in the required 
volumes and for certain periods 

An important aspect when choosing a freight 
customs complex as a business entity is the presence 
of service queues or the likelihood of service re-
fusal. Therefore, the urgent task is to study and op-
timize the structure of a freight customs complex 
when performing export and import operations, 
comprehensive service provision, and the stowage 

of goods in a customs warehouse or a temporary 
storage warehouse. 

Structurally, customs and logistics vehicle ser-
vice operations at a freight customs complex can be 
represented as a multiphase queuing system 

Due to the complex organization of interaction 
between the elements of a freight customs complex, 
the likelihood of vehicle service and freight storage 
refusal in a customs warehouse or a temporary stor-
age warehouse, individual employees` working 
hours and shift, as well as various distribution laws 
of arrival time and the servicing of traffic flows, the 
analytical study of a queuing mathematical model 
of a freight customs complex is not applicable or has 
complex calculation algorithms taking into account 
a large number of indicators. 

For this reason, the most effective research and 
optimization method of a freight customs complex`s 
operation is simulation [1, 2]. And the use of GPSS 
simulation system will automate its modeling pro-
cess and carrying out a simulation experiment and 
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will allow the performance description of individual 
system components with the necessary degree of de-
tail, the investigation of customs and logistics ser-
vice processes in dynamics with changing system 
parameters over time [2, 3, 4]. 

Analysis of literary sources  
and research objectives 

Nowadays, there are many different methodolo-
gies, as well as a wide range of specialized software 
packages designed for the simulation of logistics 
supply chains and customs infrastructure facilities 
[5-14]. 

The list of specialized packages is constantly ex-
panding, but most of them are quite expensive and 
require specialists` retraining. For this reason, the 
works [5, 7, 11] are devoted to the development of 
proprietary software systems.  

For supply chain simulation the paper [5] uses a 
relatively new system modeling language, OMG 
SysML™, because it  provides a  rich set  of  funda-
mental abstractions, leads to models on which com-
putations are easily performed, and provides a set of 
mechanisms for customizing the language for a par-
ticular domain. 

So, for example, in [11] for the study of the cus-
toms control system, a specialized simulation sys-
tem was proposed based on the aggregate modeling 
method.  

Many modern publications focus on the devel-
opment of logistics transport and customs infra-
structure simulation models in the AnyLogic system 
[13], with fairly extensive functionality. For exam-
ple, in [9], it is developed an agent-based system dy-
namics simulation model to achieve a stable state of 
the main parameters of intermodal terminals.  

The purpose of the paper is the development of 
a freight customs complex simulation model, which 
will not only optimize its structure, but also increase 
throughput capacity when performing export and 
import operations, comprehensive service provi-
sion, and the stowage of goods in a customs ware-
house or a temporary storage warehouse.  

Research methodology 

A simulation model of a freight customs com-
plex. To substantiate the possibility of a freight cus-
toms complex optimization, the queuing mathemat-
ical model is proposed. 

Vehicles arrive at a freight customs complex to 
carry out customs and logistics service operations: 
export and import customs clearance, comprehen-
sive service, the stowage of goods in a customs 
warehouse and a temporary storage warehouse [14]. 

A graphical representation of the movement of 
traffic flows going through export custom clearance 
formalities using the services of a freight customs 
complex is shown in Figure 1. 
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Fig. 1. Conceptual model of freight export operations 

Time  intervals  between  the  arrivals  of  vehicles  
(service requests) for the export of goods have a 
Poisson distribution with i. intensity. Arriving ve-
hicles are waiting in a queue for service until they 
obtain permission to enter the territory of a freight 
customs complex. If there is free space and given a 
successful weight-checking procedure (  % of vehi-
cles get a refusal to be serviced due to overload), 
vehicles enter the customs control zone with N park-
ing lots. When filing customs documents, applica-
tions are waiting to be processed. There are M cus-
toms inspectors (servers) working on the territory of 
the freight customs complex. The service time of 
one vehicle by an inspector is determined according 
to the Gaussian law with the mean value mi and the 
standard deviation i. With the correct execution of 
documents, an outgoing traffic flow from the cus-
toms control zone is formed.  % of vehicles move 
to the parking for detained cars with K parking 
spaces. If violations are detected,  % of the vehicles 
is moved to a box for an in-depth inspection. The 
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rest of the cars after document amendments form an 
outgoing traffic flow from the customs control zone. 

The mathematical models of freight import op-
erations, comprehensive service provision, and the 
stowage of goods in a customs warehouse or a tem-
porary storage warehouse are of a similar structure. 

As criteria used to determine the optimal struc-
ture of the freight customs complex, the following 
are considered: average queuing time; maximum 
and average lengths of queues for service; server 
load factors; average time vehicles spent on the ter-
ritory of a freight customs complex. 

The controlled variables (parameters) of the 
simulation are the intensity of vehicles arriving at a 
freight customs complex for the provision of cus-
toms and logistics services 

The simulation model restrictions are related to 
the conditions imposed on the flow of incoming ve-
hicles (it is assumed to be the simplest, there are no 
repeated applications); the absence of phenomena 
changing the patterns of vehicle service time at the 
freight customs complex (equipment failures and 
malfunctions, etc.). 

The proposed queuing model of the freight cus-
toms complex is developed in the GPSS World sim-
ulation automation package [2, 3]. 

The properties of the simulation model of the 
freight customs complex have been tested and stud-
ied.  

The simulation model test included two stages: 
verification and validity check. At the verification 
stage, the correctness of the operating algorithm of 
the freight customs complex simulation model us-
ing the model’s interactive single-step debugging 
properties was checked. It allows setting break-
points in the model and gives theopportunity to de-
termine the parameters of its service requests. Using 
verification, the logical structure of the model has 
been identified as correct. 

Verification carried out during the complex de-
bugging of the program on real initial data showed 
that the developed simulation model of the freight 
customs complex in all situations corresponds to the 
operation of the object under study. 

The model validity was verified by matching the 
values of the model functioning characteristics with 
the data obtained by analytical calculations to the 
specified accuracy. 

In the study of the properties of the freight cus-
toms complex simulation model, the simulation ac-
curacy was evaluated, the length of the simulation 
transition period was determined; the stability of 
simulation model responses was evaluated; the sen-
sitivity of model responses was identified. Deter-
mining the sensitivity of model responses, it was 

necessary to evaluate the percentage of changes in 
model responses depending on the number of vehi-
cles requiring service. 

In the process of collecting simulation statistics, 
the data such as average queue lengths ( k), average 
queuing time (wk),  and server  load factors  ( k) are 
determined. Then, for each server, the value of the 
time loss of vehicle service requests in queues is cal-
culated: 
 k k kLT w  (1) 

For the obtained values, the diagrams of the re-
lationship between server load intensity and the 
time loss of vehicles in queues are constructed. 

Servers with a maximum value of a simulation 
statistics pair (LTk;  k) are considered the bottle-
necks of the freight customs complex. 

Devices that have maximum LTk values and 
minimum k values are considered the unbalanced 
operation points of the freight customs complex. 

Analyzing the above diagrams, the optimal 
structure of the freight customs complex is selected. 

Freight customs complex simulation  
model testing 

The simulation model was tested at one of 
freight customs complexes in the Kyiv region. 

Based on the reports obtained as a result of 
freight customs complex modeling (Figure 2), the 
main indicators of the modeling results were deter-
mined and the time loss value of vehicle service re-
quests in queues was calculated (Table 1). 

 
Fig. 2. Simulation Results in GPSS 
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Table  1  
Freight customs complex modeling results 

 Inspector 
PR1 

Parking in 
the customs 
control zone 

PR2 

Parking for 
detained ve-

hicles 
PR3 

Comprehen-
sive service 
warehouse 

PR4 

Customs 
warehouse 

PR5 

Temporary 
storage ware-

house 
PR6 

Load factor k 0.996 0.405 0.446 0.804 0.869 0.646 
Average queuing time, 

min 143 0 1,33 2,051 10,24 0,407 

Average queue length, ve-
hicles k 12 0 0,11 0,023 0,042 0,01 

Vehicles served without 
queuing time, % wk 2,7 % 100 % 98 % 91 % 60 % 97 % 

LTk 1716 0 0,15 0,05 0,43 0,04 

 

According to the simulation results, the average 
time vehicles spend at the freight customs complex 
for customs and logistics service provision will be 
the following: 

– export customs clearance –263 ± 30 min, if the 
paperwork is incorrect –648± 30 min; 

–  import  customs  clearance  –  263  ±  30  min,  if  
the paperwork is incorrect –648± 30 min; 

– comprehensive service –494±120 min, 
– stowage of goods in a customs warehouse –

504±120 min; 
– stowage of goods in a temporary storage ware-

house –474±120 min. 
The histogram (Figure 3) shows the distribution 

of the queuing time for a vehicle to be serviced by 
an inspector. Thus, the average queuing time is 
143.186 minutes, the standard deviation is 122.428 
minutes. 

The distribution of queuing time for the freight 
stowage at the customs warehouse is shown in Fig-
ure 4. The average waiting time is 10.2 minutes; the 
standard deviation is 17.6 minutes. 

 
Fig. 3 Distribution of the queuing time for a vehicle to 

be serviced by an inspector 

Figure 5 shows a diagram of the relationship be-
tween the server load intensity and the time loss of 
vehicle service requests (LTk). 

 
Fig. 4 Distribution of the queuing time for freight stow-

age at the customs warehouse 
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Fig. 5 Diagram of the relationship between server load 
intensity and the time loss of vehicle service requests 

Analyzing the obtained simulation results and the 
relationship diagram, we can conclude that the “bot-
tleneck” for this freight customs complex is the num-
ber of inspectors, an increase in their quantity will en-
hance the throughput capacity and reduce the vehicle 
service time to execute all customs and logistics 
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service operations. However, the number of parking 
spaces for vehicles in the customs control zone, in the 
parking for detained cars, the area of the comprehen-
sive service warehouse, the customs warehouse, 
andthe temporary storage warehouse are sufficient.  

Conclusions 

The proposed simulation model of the freight 
customs complex makes it possible to determine: 

– throughput capacity of a freight customs com-
plex; 

– average time spent by vehicles on the territory 
of the freight customs complex, including queuing 
time; 

–  queuing  time  for  a  vehicle  to  obtain  permis-
sion to enter the territory of the customs infrastruc-
ture facility; 

– probability of service refusal due to the limita-
tion on the number of vehicles that can simultane-
ously be found on the territory of the freight cus-
toms complex; 

– optimal number of parking spaces for vehicles 
in the customs control zoneand in the parking for 
detained cars; 

– optimal number of customs inspectors work-
ing on the territory of the freight customs complex 
(taking into account the individual duration of their 
working day and shifts); 

– likelihood of a refusal to store cargo in a cus-
toms warehouse or temporary storage warehouse, 
provided that there is no free storage space; 

– optimal size of the storage space for storing 
goods in a customs warehouse or a temporary stor-
age warehouse so that the refusal probability does 
not exceed a particular value; 

– optimal service time values for various combi-
nations of the intensity of arriving vehicles, in order 
to increase the throughput capacity of the freight 
customs complex. 

Thus, the developed simulation model will make 
it possible to analyze and to improve the operating 
modes of the freight customs complex. 
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 1  3  5, 8  10 -
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1 1 T
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, (2) 

  – , USD; 
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,  ,   

 54,7 . . (2180 USD) [31]. 
 

 315 .  

 (50 ) -
-

.  
 

 54 .  
 2700 .  (110 USD). 

-
, -

, -
, -
, .  -

 360 USD  [31]. 
 
 

-
-
-
-

 (30 ). -
 ( ) -

 
. 3). 

 3 

 

 
 

1 2 3 4 5 6 7 8 9 
, . USD 70 70 70 65 65 65 60 60 60 

, % 0,12 0,1 0,08 0,12 0,1 0,08 0,12 0,1 0,08 
,  5 8 10 5 8 10 5 8 10 

, . USD 19,4 13,1 10,4 18,0 12,2 9,7 16,6 11,2 8,9 
, . USD/  2,18 2,18 2,18 2,18 2,18 2,18 2,18 2,18 2,18 

, . USD/  0,11 0,11 0,11 0,11 0,11 0,11 0,11 0,11 0,11 
, . USD/  0,36 0,36 0,36 0,36 0,36 0,36 0,36 0,36 0,36 

, . USD/  22,1 15,8 13,1 20,7 14,8 12,3 19,3 13,9 11,6 
,  315 315 315 315 315 315 315 315 315 
, USD 70,1 50,1 41,5 65,7 47,1 39,2 61,3 44,1 36,8 
 1751 1252 1038 1641 1177 979 1531 1103 920 

 
, -

-
 ( ) -

 36,8...70,1 USD 
(920...1751 .);  
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 (  1363 .  2019 .) -
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1800 .) [31]  
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,  
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 10%  15% 
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./ . 
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. 
., 

. 
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./ . 
, 

. 
., 

. 
1 1751 1927 564 127 2014 651 214 
2 1252 1377 14 -423 1439 76 -361 
3 1038 1142 -221 -658 1194 -169 -606 
4 1641 1806 443 6 1888 525 88 
5 1177 1295 -68 -505 1354 -9 -446 
6 979 1077 -286 -723 1126 -237 -674 
7 1531 1684 321 -116 1761 398 -39 
8 1103 1213 -150 -587 1268 -95 -532 
9 920 1012 -351 -788 1058 -305 -742 
 

-
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250 70 17,5 2333,3 2180 110 360 4983,3 1,2 4,3 
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1000 60 60 2000,0 2180 110 360 4650,0 4,7 17,2 
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USD. 

 M(NPV)   
 1  3 , -

 
, . , -

-
 

-
 –  46%,  

-
. 

-
 

.  2  4  
-
 

.  
: ,  ( ), 

, ,  
.  

 
: 

 Di = Ni e   T  (7) 

 Ni – , -
;  
e  – , USD; 
T  – -

, . 
 ( ) : 

 D*
i = Di – i (8) 
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1 . 

,  
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USD 
 2 ( )  

 
250 70 17,5 2333,3 2180 110 360 4983,3 1,2 5,67 4,4 4,0 
500 65 32,5 2166,7 2180 110 360 4816,7 2,4 11,34 8,9 3,6 

1000 60 60,0 2000,0 2180 110 360 4650,0 4,7 22,68 18,0 3,3 
 

250 70 17,5 2333,3 2180 270 360 5143,3 1,3 3,0 1,7 10,2 
500 65 32,5 2166,7 2180 270 360 4976,7 2,5 6,0 3,5 9,3 

1000 60 60,0 2000,0 2180 270 360 4810,0 4,8 12,0 7,2 8,3 
 4 ( ) 

 
250 70 17,5 2333,3 2180 110 360 4983,3 1,2 4,29 3,0 5,7 
500 65 32,5 2166,7 2180 110 360 4816,7 2,4 8,58 6,2 5,3 

1000 60 60,0 2000,0 2180 110 360 4650,0 4,7 17,17 12,5 4,8 
 

250 70 17,5 2333,3 2180 270 360 5143,3 1,3 3,27 2,0 8,8 
500 65 32,5 2166,7 2180 270 360 4976,7 2,5 6,54 4,1 8,0 

1000 60 60,0 2000,0 2180 270 360 4810,0 4,8 13,08 8,3 7,3 
 

-
 2  4  

. 7. 
 7 
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USD 

NPV,  
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USD 

ID, 
 

IRR, 
% 

 
(16) 

 2 
 

250 70 35,8 3,04 24 + 
500 65 73,8 3,27 25,8 + 
1000 60 152,3 3,53 27,9 + 

 
250 70 7,7 1,43 10,8 + 
500 65 17,6 1,54 11,7 + 
1000 60 39,9 1,66 12,8 + 

 2 
 

250 70 28,4 2,62 20,7 + 
500 65 59,3 2,82 22,3 + 
1000 60 123,6 3,06 24,1 + 

 
250 70 15,0 1,85 14,4 + 
500 65 32,5 1,99 15,6 + 
1000 60 69,9 2,16 17 + 

. 7 , -
 
 

-
, ,  

-
 ( ). 

 
. -

 
 NPV ( . 8).  

 8 
  

 

 
-
 

NPV, . USD 

 -
 

 -
 

1 2 3 4 
250 28,33 27,34 18,95 24,38 
500 59,06 56,98 40,42 51,26 

1000 122,66 118,59 85,62 107,52 

. 8 . 3. 
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R. V. VERNYHORA, A. M. OKOROKOV, . . ZOLOTAREVSKA 

EVALUATION OF THE INVESTMENT PROJECT FOR UPDATING THE 
ROLLING STOCK FOR THE ORGANIZATION OF GRAIN CARGOES 
RAIL TRANSPORTATION 

Purpose. The aim of the work is to develop a feasibility study for an investment project to upgrade rolling stock for the 
organization of grain rail transportation, as well as assess the effectiveness and possible risks of implementing such a project. 
Methodology. In the research process, analysis and synthesis methods were used to study the content and main provisions of 
scientific publications on the state and prospects of the development of the fleet of wagons for grain transportation; methods of 
technical and economic calculations to determine the effectiveness of investment projects to upgrade the fleet of grain wagons. 
Results. Ukraine is a major producer and exporter of grain, whose production and export volumes are growing annually. The 
main carrier of grain products is railway transport, carrying out transportation by grain wagons. In recent years, the fleet of grain 
carriers has grown significantly, but the key problem is the significant level of deterioration of rolling stock - 85%. Calculations 
showed that by 2020, to master the promising volumes of grain transportation, it is necessary to upgrade to 11.5 thousand cars. 
Given the low rate of renewal of the Ukrzaliznytsia’s grain tank fleet, investment projects to upgrade rolling stock for grain 
transportation are very promising for private companies. A comparative analysis of the economic efficiency of various invest-
ment projects for updating the fleet of grain carriers showed that projects based on leasing agreements are more profitable for 
leasing cars, and for the organization of transportation of their own grain products - the purchase of cars at the expense of 
companies. Scientific novelty. The results of the study allow us to draw up a scientific and economic justification for assessing 
the effectiveness of investment projects to upgrade rolling stock for the organization of rail transportation of grain products. 
Practical significance. The calculations showed that projects for the purchase of new grain wagons, both for leasing and for 
transporting own grain products, are cost-effective and also represent a promising area of investment for private companies. 
Implementation of such investment projects will allow to load the car-building capacities of Ukraine and create new jobs in 
various industries. 

Key words: railway transport; grain transportation; investment project; rolling stock; economic assessment; payback of 
investment 



» 
 

. . . . . 19. 2020 . 

 
doi: https://doi.org/10.15802/tstt2020/208696 © . ., . . 2020 

55 

 656.212.5-52 

. . 1*, . . 2* 

1* . « », -
. , . , 2, 49010, . , , . +38 (056) 373-15-89,  

.  ivzhukl@ua.fm, ORCID 0000-0002-3491-5976 
2* . « », -

. , . , 2, 49010, . , , . +38 (056) 373-15-89,  
.  ivzhukl@ua.fm, ORCID 0000-0002-8677-4781 

 
 

 

. -
. -

. . -
-

, -
.  

.  
, , .  

. -
.  ( -

)  
. 
. 

. . 
 
 

. . -
.  
. 

: ; ; ; ;  
 

 

-
-
 
 

) .  
 

  

 
2

2 j
j

d Sm F
dt , (1) 

 m – ;  – ; 
j

j
F  – , . 

 
, . ,  1000 

. -
 

 W, -
 (  

 
).  

 
 W. -

: 
1) ,  

-
 mW -

 ( ).  
,  

,   
 

.  mW -
 

-
 [1]. 



56 

 ( -
) -

 (5-
6 ), -

. -
, -

, -
 ( -

). 
2) . 

 
-
-

,  
 
 

. -
 « -

»  
. -

 
 

 l . -
 

,  t1  t2 -
-
-

.  
 

: 

 31 2

1 2 1 2

2 10
' ( )

t tW i l
g t t t t

, (2) 

 [2]  
 
 

 

 
3

1 2 2 1 1 1 2 2

1 2 1 2 1 2

10
2

' ( )
l t l t i t i tW
g t t t t t t

, (3) 

, -
 

. 
,  

-
 
 

, -
. -

, -
 W -

-
. 

 [3]  
 [1, 4] ,  

 W 
. 

,  
, -

 W -
 

, -
 

-
-
 

 [5, 6, 7]. 
, ,  

 W 
 

 mW -
.  

,  
-
-

 W,  mW,   
 W , -

. -
 [8].  

 [8] , -
 W* = F(W)  

.  
 W, -

, 
-

,  
 

 * max{ ( / )}W f W W . (4) 

 [8] -
 u( / )f W W  -

: 

 ( ) ( )( )
( )

W W Wf W W
W

 (5) 

-
-

 (  (W)  
(W)), 
( / )W W  – . 

, -
 (W) (  mW -

W)  
-

.  
(W )  ( / )uW W , 

 



 

57 

 ( )f W  W . -
 (5) 

 W* = F(W),  
(4). 

 

,  
( )W  ( )f W  ,  0Wm ,  

 W   W.  
 ( )W , u( )W  ( / )W W   

 

 
2

2

1( ) exp
22

W

WW

m W
W ,  (6) 

2

2
1( ) exp

22
W

WW

m W
W ,  (7) 

 
2

2
1( ) exp

22 WW

W W
W W ,  (8) 

 Wm   W  – -
-

 W ; Wm  
 W  – -

-
 uW ,  

 W Wm m ; (9) 

 2 2
W W W ; (10) 

W –  
 W  uW . 

 (6), (7), (8)  (5) -
, : 

 

2 2

222 2

2 2

2 2

2 2

1( )
2

exp .
2

W W

W W

W W W

W W

W W

W W

f W W

W m
W  (11) 

,  u )( /f W W  
 

 
2 2

2 2( ) W W W

W W

W mM f W W  (12) 

 

 
2 2

( ) W W

W W

f W W . (13) 

 
 

,  
-
 

 *
u(1 )W W WW m W , (14) 

 

 
2

2 2
W

W
W W

. (15) 

, -
 W  W , -

 *W ,  
, -

 u( )W  
( )Wm .   

 W  
(1 )W  W  W . 

,  [9] -
 (W)  

 
, -

-
.  

-
 
 

-
. 

,  ( )f W -
. -

. -
 

-
,  W -

 
. , , 

,  
( )f W ,  

. 



58 

 W,  
-

,  
-

, -
-
 

 ( ,  
[5]). 

 

 
, , , : 

 
2 2
W W

W W W
W W

 (16) 

 

 W W W . (17) 

-
. 1. 

,  (14)  (15)  
 

-
, -

-
-
-

. 

 
.1.  W  

 

 

, -
 

-
 
 

-
.  

-
 ( -

 
) -

 mW -
-
 

 W . -
, -

 W  W, -
 W*, -

,  
(W )  (mW). 

, -
, -

 W  W. 

 
1.  

: .  / . 
. .: , 1975. . 545. 101 . 

2. . -
-

 //  
. – 1999. –  3. 

3. . -
. // 

-
. . . .  – . 

216/14. – . – 1981. 
4. . -

-
 / . , . 

, .  // -
.  –  :  .  .  –  

1993. – .79–88. 
5. ., . -

-
.  2028238. 

6. , , . 
. -

 RU 2573149. 
7. , . .  

-
 

: [ ] / . . , . . -
, . .  // -

. – 2009. –  6/2 (42). – . 
45–50. 

8. .  
. – : , 1966. – 624 . 

9. -
. 

 207 – 89. – .: , 1992. – 104 . 
 

 25.06.2020 
 29.06.2020 

 



 

59 

. . , . .  

 
 

 

.  
.  

. .  
, -

. -
.  

, , . -
. -

.  
) -

.  
. -

. . -
 

.  
. -

. -
. 

: ; ; ; ;  

I. V. ZHUKOVYTS’KYY, A. B. USTENKO 

USING THE METHOD OF STATISTICAL SOLUTIONS TO INCREASE 
THE ACCURACY OF CUTS’ RUNNING RESISTANCE 
IDENTIFICATION 

Purpose. Improving the accuracy of determining the running resistance of cutters is an important condition for 
the efficiency of automated sorting slides. This article discusses the possibilities of such an improvement based on 
methods of the theory of statistical solutions. Methodology. In accordance with the method of statistical decisions, 
the identification of object parameters can be performed according to the results of sharing estimates based on meas-
urements and on a priori known statistical data. On automated slides, the determination of the running resistance of 
the cutters is implemented on the basis of measurements at the control site. At the same time, the average values of 
the running resistance of cutters are known from the research results, in particular, taking into account their weight 
category. The task is to find the optimal ratio for the given criterion to compare these two estimates. Results. An 
optimal ratio (decisive function) was obtained by the criterion of the minimum probability of error for determining 
the running resistance of the cutters based on a comparison of its assessment from the measurement results and the 
average value of running resistance for the cutters of this weight category. In this case, the formula uses the accuracy 
parameters for determining the running resistance in both ways. Based on the calculations performed, the effectiveness 
of the proposed solution is shown. Originality. The application of the method of statistical solutions to the problem 
of identifying the running properties of cutters is substantiated, and the decisive function, optimal by the criterion of 
the minimum probability of errors, is determined for estimating the running resistance. Practical value. The proposed 
solution can significantly improve the accuracy of identification of the running resistance of the cutters without addi-
tional costs. This is an important prerequisite for increasing the effectiveness of automated sorting slides. 

Keywords: running resistance; cut of cars; grave hump; decisive function; optimal estimate 



» 
 

. . . . . 19. 2020 . 

 
doi: https://doi.org/10.15802/tstt2020/208699 © . . 2020 

60 

 656.135.8 

. . 1* 

1* . «  », « -
 », . , 7, 87555, , , . +38 (0629) 44 65 63, .  

aa.zhilinkov@gmail.com, ORCID 0000-0002-3252-8577 

 
 

 

 
-

, .  
.  

: , -
, -

. . -
, , . .  

: , ,  ( -
), , -

, , , , 
, , , .  

.  ,  
 

.  
, -

. -
, -

. ,   
 

. 
: ; ; -

;  

 

-
, -

-
, .  

 
,  

,  2-3%, -
 5-15%. -

 (  90%), 
-

.  
,  

. 
-
 

 ( ) 
 ( , 

, ). 

-
,   

 –  
. , -

. 
-

,  (100…300° )  
 (  900° ). 

-
,  

. 
 

-
 -  

, -
, ,  

. -
, -

. ,  



 

61 

-
-

 ( . 1). 

 
. 1.   

 

 
 

. -
 ( -

)  
-

 [1-4]. 
 

 ( ) 
-
-
-

 ( , ,  
,  ,  ,  .), -

-
 ( . 2) [5-7]. 

 

-
 

)  ( , -
, , , , 

, .).  
-
-

,  
. 

 
. 2. -

-
 

-
-

, , -
.  

-
-

 ( , , -
),  ( , 

, , ).  
,  

. 
 
 

: «KAMAG» ( ), 
«TCM'S PRODUCTS» ( ), «CARRIE» 

), «KRANUNION» ( ), 
«SCHEUERLE» ( ), «SANJIANG» ( -

), «HAIPENG» ( ), «KRESS» ( ), 
«KIROW» ( ) . 



 

62 

 (  
30 ) -

 «VOLVO» ( ), 
«TEREX» ( ), «CATERPILLAR» ( ), 
«KOMATSU» ( ), «HITACHI» ( ), 
«ASTRA» ( ), «BELL» ( ), «JOHN 
DEERE» ( ), «FIORI» ( ), 
«LIEBHERR» ( ), «DOOSAN MOXI» 

) . 
-

. -
, , -

,  
, , , , -
, , , , 

, . -
-

. 
-
-
-

. -
 

.  
, : -

 ( ) -
, , -

, -
, -

. 
 

-
,  

 
.   

. 1 -
-

 ( )  
, -

. 
. 1 -

-
-

. 
 
 
 

-
. , ,  

-
. -

 
. -

, ,  
 

. -
-

.  
-

. 
 1  

 

 

-
: 

 -
 

 
 

0,25-
0,84 0,85-0,98 

 0,6-0,95 0,8-0,99 
 

 0,4-0,5 0,5-1,0 

-
 0,2-0,4 0,8-1,0 

 
 0,7-0,9 0,9-1,0 

 

,  
-

. -
, , , -

,  
-

. -
-

, , -
, ,  

, ,  ( -
),  

. 
-

, -
, -

, -
 [8-15]. 

-
-
 

. 
, -

 
. 

 

-
 
 

. 



 

63 

-
,  

-
, -

 
. 

 

-
. 

 
). -

, U-  
. -

, -
 ( ) -

.  
40…120 ,  – 6…35 3.  

 – 5…20 . ( . 3, ) 
-

. -
, -

 ( , .), -
, -

.  
-

 50-250 , -
, U- -

 ( . 3, ). 
 

)  ( ).  – 
 ( ) -

,  
 

. -
 40  500 . -

 
 ( . 3, ) . 

, 
, -

 ( , ). 
 

-
. -

-
.  

), -
 (  

, ). -
 40-

500  ( . 3, ). 

 
. 3.   

: 
 – ;  – ;  – ;  

 – ;  – ;  –  
) ;  

 - ;  –  

-
 ( ). -

-
,  

,  
.  

 30-120  ( . 3, ). 
 ( ) -

 
.  

) -
-

 - -
 

. 3, ).  
:  ,  -

 ( ),  -
, , , -

, ,  



 

64 

, -
 ( . 4). -

 
-

.  
 

 ( , , -
, , .).  

 2  16  
. 

 
. 4. -

: 
 – ;  –  

. -
-
-

. -
 

5…25 ,  – 
 30 . -

 30  .  -
 5…20 3  ( . 3, ). 

.  
 ( -

, , , ) -
-

. -
 

«Multilift»,  
),  «BDF-

Pneumatik» . ( . 3, )  
 –  

, -
. -

 
(10…25 )  (3…20 ).  

 

,  ,  -
, -

. 
,  

-
-

: 
– ; 
– ; 
–  ( ); 
– ; 
– -

; 
– -

; 
– ,  

; 
– ; 
– ; 
– ; 
– . 

-
-

, -
. 

. 2 -
-

. 
, -

 
-

,  –  
. 

 
 
, 
-

 Z ,  
C  C . -

 

 EK= ; minij ijZ C C P K , (1) 

 

 
maxij

ij ij

P
K U

, (2) 

 Pij –  
 i  j ; 

Kij -  i  j  
; 

Uij -   
i  j .

  



 

65 

 2  

 

  
  

1  , , , , , -
, , , . 

2  
: , , , ,  

, , , , -
 ( , , ) 

3  (  
) 

, , , , -
, -  

4  , , , -
,  

5 -
 

, , , , U- , , -
- ,   

6 -
 

«Multilift», , «BDF-Pneumatik», , -
, . 

7   (  20 ),  (20-40 ),  (40-100 ),  
 100 ) 

8  2, 4 4, 6 2, 6 4, 6 6, 8 4, 8 8, 10 10 . 
9  2, 3, 4, 5, 6, 8- , 10, 14, 16-  

10 -
 : 2- , 4- ,  

11  
 ,  

 (1) -
,  

. 

 

1.  
-

.  
 

2.  
 

, -
. -

, -
 

-
. 

3.  
,  

-
. 

4.  
 

, -
. 

 
1. , . . -

 [ ] / . . , . . , 
.  // . – 1978.  

 9. – . 16-17. 
2. -
 [ ] / . . , . . , 

. . . - .: , 1980. – 336 . 
3.  

 [ ]:  .  .  /  .  .  -
, . . , . . . - .: 

, 1990. – 303 . 
4. , . . -

 [ ]:  
 / . . , . . , 

. . . – ,  « ». 
2011. – 170 . 

5. , . . -
 

] / . . . – .: , 2007. – 
210 . 

6. -
 [ ]: . . . -
, – .: 1980. – 112 . 

7. , . .  
 [ ]: . -

. / . . . – :  « », 
2018. – 288 . 

8. , . . -
 [ ] / . . , . . -

. - : . ., I989. – 240 . 
9. , . . -

 [ ]: -
 / . . . - 3- ., 

. .— .: , 1979. – 296 . 
10. , . .  

:  [ ]:  / 



 

66 

. . , A. M.  – .: , 
2006. – 215 . 

11. .  2. 
 [ ] / . . -

. – .:  « », 2004,  667 . 
12. . -

 
.  I: , , -

, -
 [ ]:  .  .:   5.  .  .4.  /  

. . , . . , . . .  

.: , 2004.  448 . 
13. , . . -

: -
 [ ] / . . . - .: , 

1988. – 159 . 

14. -
:  [ ] / . . , 

. . , . . . .: , 
1982. – 175 . 

15.  
.  [ ] / . ., -
. ., . . ., — .:  

, 2004. – 592 . 
 

., 
. . . ( ) 

 
 22.04.2020 

 11.05.2020 
 

. .  

 
 

 

-
-

, .  
 

. :  
, -

, -
. . , -

, . . -
: , ,  

), ,  
, , , -

, , , ,  
. .  

, -
.  

 
, -

. -
, -

. ,   
-

. 
: ; ; -

;  

O. ZHYLINKOV 

TO THE QUESTION OF CLASSIFICATION OF SPECIALIZED MOTOR 
TRANSPORT FOR TRANSPORT SERVICE OF METALLURGICAL 
ENTERPRISES 

The article discusses current issues of systematization and classification of specialized vehicles for transport ser-
vices of metallurgical enterprises subject to reconstruction according to modern requirements and mini-factories. The 
purpose of the article is to solve the classification of specialized vehicles for transport services of metallurgical en-
terprises. To achieve this purpose, it is necessary to solve the following tasks: to analyze the type, design features and 



 

67 

operational and technical parameters of specialized vehicles of various models, systematize received information and 
determine the main classification features. Methodology. In the course of the research, methods of scientific search, 
intellectual and statistical data analysis, and classification theory were applied. Findings. The classification criteria 
are based on the following classification features: type of cargo, purpose, type of body (cargo platform), composition 
of specialized vehicles, design features of load-bearing systems, availability and type of special equipment, load ca-
pacity, gross weight or other mass parameters, wheel formula, quantity axes, a method of changing the direction of 
movement, the overall dimensions of the machines. Taking into account the above listed characteristics, classification 
parameters are determined. The originality should include the fact that the classification of specialized vehicles for 
technological transportation at metallurgical enterprises was first proposed. The basis for solving the scientific prob-
lem is an optimization model for finding such an indicator of the functioning of the fleet of specialized vehicles for 
which the criterion of efficiency is the minimum cost. The initial stage of the study was carried out to determine the 
rational areas of application of specialized vehicles at metallurgical enterprises that are subject to reconstruction ac-
cording to modern requirements. The practical value lies in the fact that a detailed classification in conjunction with 
operating conditions allows us to determine the rational areas of application of specialized vehicles and significantly 
reduce transportation costs. 

Keywords: specialized vehicles; metallurgical enterprise; transport services; classification 
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V. PARUNAKYAN, A. MASLAK 

DEVELOPMENT OF THE METHOD OF LOGISTIC MANAGEMENT OF 
THE MATERIAL MOVEMENT PROCESS AT THE INTERACTION OF 
PRODUCTION AND TRANSPORT IN METALLURGICAL RANGE 

Purpose. At this stage of the functioning of metallurgical enterprises, the most important issue is the creation of an 
effective management mechanism that ensures high efficiency of interaction between production and transport at all parts 
of the process of material movement. To solve the problem, it is necessary to switch from railway transportation manage-
ment to logistic management of the material movement of enterprises, which ensures the optimization of the stream process 
and the reduction in the total duration of the processing of car flows in the TCP. Methodology. In the research process, 
analysis and synthesis methods were used to study the issue and the main scientific publications on the state and ways of 
increasing the efficiency of interaction between production and transport at metallurgical enterprises; production manage-
ment methodology for the study of flow processes of phase transformation in production processes. Results. In the work, 
the characteristic features of the material movement process of the considered enterprises are established: flow rate, phased 
movement of the subject of labor, its phase transformation (railcars-freight traffic-railcars) during the interaction of produc-
tion and transport, as well as the presence of functional cycles that ensure production in a given volume and on time, which 
allows us to consider it as a large-scale production. In addition, two basic structural schemes of cargo handling of material 
flow are identified and their indicators of the interaction of production and transport are identified. Based on the studies, a 
method has been developed to optimize the duration of the cargo processing process and resource costs during the phase 
transformation of transport-cargo complexes, which provides logistic management of the processes under consideration. 
The scientific novelty lies in the development of a general method for modeling the duration of the phase transformation 
of material movement in transport and freight complexes of metallurgical enterprises. Practical significance. The theoreti-
cal provisions presented can be used to form a unified mathematical model of an intellectual system for controlling the 
process of material movement of metallurgical enterprises. 

Key words: enterprise material movement process; production and transportation system; wagons of an external fleet; 
wagons of a factory fleet; production dynamics; phase transformation; cargo handling 
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G. PROKUDIN, V. KUZMICH, N. KOPIAK 

EVALUATION METHODS OF THE QUALITY AND EFFICIENCY OF 
SUBURBAN PUBLIC TRANSPORT SERVICES 

The article addresses the problems of the evaluation methodology improvement of the transport service efficiency 
and quality provided to passengers on suburban bus routes in accordance with the modern management system re-
quirements. The purpose of the study is to provide practical recommendations to motor transport enterprises following 
which they can improve the level of service provided to suburban bus route passengers, as well as to provide a struc-
tured approach that will allow transport organizations to respond objectively and reasonably to requests resulting from 
new passenger transportation needs. The peculiarities of public transport enterprises` activities and passenger trans-
portation organization in suburban traffic are investigated in the paper, which is taken into account in the development 
of the basic activity efficiency and passenger service quality evaluation method. For a comprehensive assessment of 
quantitative and qualitative transport service indicators, the evaluation method of the transport service efficiency is 
proposed. According to the standards of the passenger service quality system, there are certain requirements related 
to the understanding of all processes by personnel, proper application, the provision of necessary resources, the satis-
faction of passengers` demands and expectations, environmental impact and societal needs as well as the prevention 
of negative situations and their elimination after their occurrence. As a result, this approach makes it possible to reflect 
the transport service level both through the prism of enterprises ` operation efficiency and the quality of transport 
service provision. Thus, the results of the study are of practical importance in the application of such methods in motor 
transport enterprises` activity providing the necessary information for management in modern business conditions. 

Keywords: transport service; transportation; quality; efficiency; suburban traffic 
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A. MAZURENKO, A. KUDRIASHOV, V. LEBID 

USE OF GROUP TRAINS FOR CARGO TRANSPORTATION IN 
INTERNATIONAL TRANSPORT CORRIDORS 

Purpose. The purpose of the study is to assess the possibility of using group trains to carry out transportation 
within international transport corridors. The article discusses the possibility of carriages delivery with export cargo to 



88 

technical stations where trains are being formed that are sent along international transport corridors under the condi-
tions of a solid train schedule. Methodology. The analysis of the dynamics of changes in the volume and structure of 
freight traffic is performed using mathematical analysis and statistics. The study of the efficiency of using group trains 
was carried out using simulation modeling. For research, a model of the work of a technical station developed by the 
author earlier was used. Findings. Theoretical studies have been carried out on the possibility of using group trains to 
ensure timely delivery of transit goods within international transport corridors. The research results showed that their 
use reduces the duration of the idle time of carriages at technical stations and the timely formation of trains to send 
them on a solid thread schedule. This effect is achieved without additional capital investments. Originality. The ob-
tained results make it possible to justify the efficiency of using group trains in organizing the transportation of cargo 
in international traffic and meeting deadlines for the transit of cargo. Practical value. The practical significance of 
the work lies in the fact that the introduction of its results will allow, with significant fluctuations in the volume of 
transit cargo, to ensure the stability of trains on solid lines of the schedule and to ensure compliance with the delivery 
time. Implementation of the proposed changes is possible for technical stations and does not require significant or-
ganizational and operational costs. 

Keywords: international transportation; transport corridors; group train; transit 



» 
 

. . . . . 19. 2020 . 

 
doi: https://doi.org/10.15802/tstt2020/208705 © . ., . ., . ., . . 2020 

89 

 656.211.3:656.211.5 

. . 1*, . . 2*, . . 3*, . . 4* 

1* . « »,  
. , . , 2, 49010, , , . +38 (056) 373-15-35,  

.  skalozub.vl.v@gmail.com, Scopus Author ID: 15731663600, ORCID– 0000-0002-1941-4751 
2* . « »,  

. , . , 2, 49010, , , . +38 (056) 373-15-35,  
.  leon-docent@mail.ru, ORCID – 0000-0003-1343-3000 

3* . « »,  
. , . , 2, 49010, , , . +38 (056) 373-15-35, .  hibarike@gmail.ru, 

ORCID – 0000-0001-8324-4673 
4* HiQ AB Stockholm, Sweden. .  skalozub.m@gmail.com, ORCID - 0000-0002-7931-7910 

 
 

 
 

. -
,  

. .  
,  

 
. -

, . .  
, -

 (« ») .  
.  

-
. ,  

 « »,  
. 

. ,  
,  –  

.  
, . -

. -
-

, -
. -

.  
: ; ; ;  
, ; ; ;  

;  

 

 ( -
, , , -

.)  
,  

 ( ) -
-

,   
[1-3,  7].   [2]   

-
-

.  
-

 [4]. 
 

-
 [1, 5] .  « -

»  



90 

 « »  
, « » ,  

 « »  (« »)  
.  

-
, -

 « » , 
 ( ) 

. , -
 ( ), -

 
 

 [1, 3].  
 
 

,  
.  

-
-

.  
: , -

, , -
,  

[1, 3].  [1, 3] -
-
-

, ,  
-

.  
 ( -

)  
-

. -
 [1].  

 [3]  
, , 

-
-

.  
 
 

.  
 

-
. -

 
. 

-
-

 « ».  
.  

 [8, 9, 11]. -
-

,  
 [3, 8, 10].  

-
 [2, 3, 5, 8]. -

-
 (  [10] .),  

 « »,  
 [1, 3, 8].  

-
-

,  
 

 (« »)  
. -

-
-
 

.  
 
 

,  
-

.  -
,  

 ( ),   
 « »  

.  

 
 

 

-
 

, -
, -

-
 ( ) .  

-
 (in-seq) -

 (out-
seq) . -

 ( ) -
 in-seq  (  – -

 out-seq, pos-  (pos-ind) , 
, , 

.), -
 out-seq  /  

 ( ), -
-

, -
-

 out-seq. -
 in-

seq  pos-
ind  out-seq , -

-
 



 

91 

.  
-

 out- seq  
 in-seq .  

 
 

 ( ) : , , 1,2, ,p qS Q S Q p q d  (1) 

 p –  in-seq, q  – 
 out-seq , -

 (p, q),  d – -
. -

 1 1S Q , 1mS Q , 

1 rS Q ,  ,   1 1S Q , 1mS Q , 1 rS Q . -
 pS  qQ  

( )ie p , ( )je q  ( ), -
 pi  ( )  iq (  

), -
 qn  i .   out-seq -

 ( )ke q  ( )me q  
 pos-

ind nq.  

 ( ) ( ),r mn q n q if r m  

 r  m  
out-seq Qq. , -

 (1)   
 

S1Q1. 
-

 (1) -
-

.  
 ( )  

 ( ). -
,  -

 [5, 6, 12].  [12] -
-

.  
 ( , )G V E ,  V  – -

, E  – , -
 ( , )u v  

( , ) 0c u v  ( , )f u v  [2, 4, 6, 7].  
:  s  t ,  

 s 
 t. -

 

 ( , ), , ,G V E c s t  (2) 

 (2) , 
 G = (V, E) ,  

 
-

. -
-

 ( )   

 , ,C M , (3) 

 M  – ,  – -
 ( , -

, , -
),  –- -

: 
, , -

, .  
 (3)  

-
,  

-
,  

.  (3) -
. -

 
 

 [1, 3, 8]. 
-
 

 ( ), -
 (3) [9, 11, 13].  

 
,  [4, 

10].  (3) 
 (1)  

 (2) . 
-

 (2)  
: -  

 (1), -
; -  ( -

) ; - 
-
 

; - -
 

.  
-
 

,  
 (1),   

 (2). -
 Sp  Qq  ( -

) ( ), ( )i je p e q  
-

 Qq.  
 



92 

 (2) -
. -

-
 (1)  

» ( ) -
.  Sp  Qq -

 0CH . -
  

 
1

(1) ( )S S
k

M M k  (4) 

1

1

1

; 0; |1;
k

S i i i k i k
i

M P P n n n n , 

 «k» -
 / , -

 [5, 9].  
( . )i jL i j n n -

 "k". -
 

 (4). -
, -

 (4),  
 ( ) -

 "k",  « » -
 (  «d» ,  

 (4)  «1»). -
 (2,  6,  1,  3)   "k"=3 «d»=5,  

 (2, 4, 1, 3)  «d»=3.  
 

(2)  
(3)  – 

 
 ( )  (W),  

 « -
» (G ).  

(G)  
 ( -

 [5, 9]) -
 (2) ( )kG . -

  
( )kCH G  

 ( )CH G . -
 (3)   (2)   

, -
(G). 

 
 (2) -

-
 pS  qQ -

,  (3).  

 
, . -

-
 (2), -

(G )=0,  – 
. -

 
. 

 
 

,  
. -

 (3) -
,  

, -
,  

. -
 

, -
. -

 Sp  Qq  
 (1).  

 ( ) 
,  

-
. -

-
 « »,   

 « -
». -

-
 

 (4).   
 

(1) -
.  

 (1) -
 
 

.   
-
 

 [12].  
-

 (1)  
 [1, 8].  

 
S1 Q1 -

 (1).  
 

, -
 [5, 9]. 

 S Q  



 

93 

 ( )  « -
» , 1,2,kZ k K . -

 e (p), e (q)  kZ -
 (3).  Z , -

 « » ( )  « » ( ) -
. -

 Z ,   { },   
 (n),  qZ -

 { },   [I]  (  
), ,  

 [ ]( ) : 1 2(3).p qH Z E Z I n HI E  (5) 

 (5)  
(S  Qq):  ( )  Z  ( =1) -

 (n=3) ,  (  
I)  ( )  Zq. -

 [I] . -
 (5)  (3) -

. -
 

 Zk, k=1.  
 (5)  Zk -

, .  
 

 ( -
),  

 Zk ,  DIV(Zk). -
 DIV(Zk) -

 ei(p)  Zk,  
 (5). , 

DIV1(5 4 2 6 8 7) = (G1=(1 5 4 2)/ G2=(6 8 7)),  
 G1  pos-ind -

 pos-ind G2.  G1  G2  
, .  

-
 (3)  (5), -

 (2). -
 (5)  

 DIV(Zk)  
. -

 (2)  (5), 
) 

 (1).  
 G  

 Zk, : (Z1, Z2, .., ZK),  
 (4)  

 W(G). -
, (G) =0.  

-
 

 (5)  
 (Z1,  Z2, .., ZK)  

. -
 

[12]  (1). -
 

 (1). -
:  – 

 (Z1,  Z2, .., ZK);  DIV(Zk) 
 (G1/G2/G /…), , DIV(4 3 2 

7 5 6 4 3 1 2 7) = (4 3 2/ 7/ 5 6/ 4 3/ 1 2/ 7); -
 (5),  «,» -

; -
 « » ; -

 –  ZK; 
pos-ind  –  « » -

.  pos-ind  
-

,  .  -
 (Z1,(5 4 2/ 

6 9 7), Z2,()) : 
«1» 2(3): , (5 4 2). , ( 6 9 7) ; 
«2» 1(2) 2(1): , (2 4 5). , ( 9 7 6) ; 
«3» 1(3) ( , (2 4 5 6 7 9), , ()). 

,  
 (S1Q1)  

Z1.  Z1,(3 8 1 /5 4 2/ 6 9 7),  
: 

 
«1» 1(2) , (1 5 4 /2 6 9 7 8 3); 
«2» 1(3) , (2 6 9 7 8 3 4 5 /1);  
«3» 1(1): , (1 2 6 /9 7 8 3 4 5);  
«4» 1(3): , (9 7 8 3 4 5 6 /2 1);  
«5» 1(2): , (1 2 9 7 /8 3 4 5 6);  
«6» 1(4): , (8 3 4 5 6 7 /9 2 1);  
«7» 1(3): , (1 2 9 8 /3 4 5 6 7);  
«8» 1(4): , (3 4 5 6 7 8 9 /2 1);  
«9» 1(2): , (1 2 3 4 5 6 7 8 9). 

 
 

 Zk : 
(Z1,  Z2,  Z3) -

 (S1Q1)  
«1» 2(2), 3(3)

( , (1 5 4 2), , ( 3 8), , (6 9 7)); 
«2» 1(1), 3(1)

( , (1 5 4 2 3), , (), , (6 9 7 8)); 
«3» 2(2), 343(2)

( , (4 2 3), , (1 5), , (8 7 6 9)); 
«4» 1(1), 2(2), 3(1)

( , (5 4), , (3 2 1), , (9 8 7 6)); 
«5» 2(2) ( , (), , (5 4 3 2 1), , (9 8 7 6)); 
«6» 3(5) ( , (), , (), , (9 8 7 6 5 4 3 2 1)).  

 
 

-
 (3) -

. -
 



94 

, -
-

.  

-
 

 [8] -
-
 

,  
. -

-
, ,  

-
 

 ( ), -
, -

. -
 

-
 ( ). 

 [8]  
-

: -  
 « » ( -

)  ,  -
; -  

 
; - -

-
; -  
, -

 
. 

-
 [5, 8, 10] 

 
.  

,  -
.  

-
, -

 
. -

, -
-

,  
. -

 
-

 (4). -
-

, -
. 

 
 

 (4).  
 1 

 
 

1.  9 4 8 6 9 5 4 3 3 5 9 
2.   1  -

 
3 4 5 9 6 8 4 9 9 5 3 

3.   2  -
 

3 5 9 3 4 5 9 6 8 4 9 

-
 

5 1 4 3 4 2 1 0 0 1 4 

 
 

 

5 1 4 3 4 2 1 0  1 4 

 (4) 
 

 

9 2 5 6 5 7 5 7  5 1 

 1 0 1 2 3 2 2 1 2 2 1 0 
 

 1 
0 1 2 3 2  1 2  1 0 

 (4) 
1 

0 0 0 5 4  4 3  5 7 

 2 0 1 2 0 0 1 2 1 1 0 1 
 

 2 
0 1 2 0  1 2 1  0 1 

 (4) 
2 

0 2 5 2  2 3 3  5 2 

-
  

)= 52, 
1)= 28  2 )= 24  

 
 1 -

,  2  3 – 
,  

. .1 -
 

 ( -
),  .  2  –  

,  
.  (4) 

, 1)= 
28 2 )= 24. ) -

 
 2.  

 [8] -
-

,  « »  
. 
 

, -
, -

 (4) . 
 « »  

 SeqIn  
 SeqSh,  (4) -
.  



 

95 

-
 nseq -

, -
 SeqIn  SeqSh. -

, 
-

 SeqIn  SeqSh. 
, -

 SeqIn  SeqSh.   
 SeqIn  

,  
 SeqSh.  

,  SeqIn =(5,  2,  4,  1,  2)   SeqSh 
=(4, 3, 5, 2, 1)  Seq 
= (3, 4, 1, 5, 2),  «5»  «3»,  
«2»  «4» .  « » -

 (4) -
 Seq.  

nseq -
 Seq  SeqSh,  

. -
 (5).  

 SeqSh  
SeqSh1 = (1, 3, 2, 4, 5). -

. -
1  SeqSh  

 
1(2) : (Z1, (1, 5, 2, 3, 4), Z2, ()); 
2(3) : (Z1, (1, 5), Z2, (2, 3, 4)); 
2(1) : (Z1, (5), Z2, (1, 2, 3, 4)); 
2(1) : (Z1, (), Z2, (1, 2, 3, 4, 5)); nseq =4. 

2  SeqSh1 
2(2) : (Z1, (1, 3, 2), Z2, (4, 5)); 
1(1) : (Z1, (3, 2, 1), Z2, (4, 5)); 
2(3) : (Z1, (), Z2, (1, 2, 3, 4, 5)); nseq =3. 

 
 SeqIn « »  SeqSh1.  

, 1* -
 SeqSh1, -

 SeqIn -
2 1*. -

 
.  

-
-

 (  
)), , -

-
 

. 
. 1  

 
,  

 
,  

.  
.  

1. -
. 

2. -
. 

 
. 1  

 

3.  In(Seq)  
. 

4. -
 In(Seq) , -

 « ». 
5. -

 
. 

6.   
 
 

. 
7.  « » -

-
-

. 
8. . 
9. -

. 

6. 

7. 

8. 9. 

10. 

1. 

2. 

3. 

4. 

5. 

11.  ( )



96 

10.  
 

In(Seq) . 
11. -

. 

  

-
-
-
-
 

).  
-

,  
,   -  

 
. -

-
-
-

. -
 

-
-

. 
-

, ,  
 

. -
-
-

, -
, -

 [13]. 

 
1. V. Bobrovsky, I. Skovron, A. Dorosh, Ye. 

Demchenko, V. Malashkin and T. bolvanovska. 
Simulation modeling of the process of disbanding 
multigroup compositions on a double-sided low power 
sorting slide. Transport systems and transportation 
technologies. – 2018 – Vol. 15. – P. 19-26. doi: 
https://doi.org/10.15802/tstt2018/150194 

2.  V.S.S.  Yadavalli,  C.  Balcou.  A  supply  chain  
management model to optimise the sorting capability of 
a 'third party logistics' distribution centre // South African 
Journal of Business Management (48) 2017, p. 77-84. 
DOI 10.4102/sajbm.v48i1.22. 

3. Dmytro Kozachenko, Volodymyr Bobrovskiy, 
,Bogdan Gera, ,Ihor Skovron, &Alexandra Gorbova. An 

optimization method of the multi-group train formation 
at flat yards // International Journal of Rail 
Transportation, Taylor & Francis Group, Published 
online 2020. https://orcid.org/0000-0002-5612-2715 

4. Shang, Zhigang & Li, Mengmeng. (2016). Feature 
Selection Based on Grouped Sorting. 451-454. 
10.1109/ISCID.2016.1111. 

5. Thomas H. Cormen, Charles E. Leiserson, Ronald 
L. Rivest, Clifford Stein. Introduction to Algorithms (The 
MIT Press) 3rd Edition, Kindle Edition. - 2010. – p. 1292 
– ISBN 978-0262033848.  

6. Holzhauser, M. Maximum flows in generalized 
processing networks / Sven O. Krumke, Clemens Thielen 
// Journal of Combinatorial Optimization. – 2016. – Vol. 
33. – Iss. 4. – P. 1226–1256. doi. 10.1007/s10878-016-
0031-y 

7. Maximum and Minimum Cost Flow Finding in 
Networks in Fuzzy Conditions / A. V. Bozhenyuk, E. M. 
Gerasimenko, J.  Kacprzyk, I.  N. Rozenberg //  Flows in 
Networks Under Fuzzy Conditions. – 2016. – Vol. 346. 
– P. 23–75. doi: 10.1007/978-3-319-41618-2_2 

8. V.V. Skalozub, B.B. Bilyy. Structure of intelectual 
information techology for formation of multi-group train. 
Transport systems and transportation technologies. – 
2019. – Vol. 17. - P. 62 – 69.  

9. V.I. Shynkarenko, V.M. Ilman. Formal structures 
and their application: Monograph – Dnipro National 
University of Railway Transport. - 2009. – 205 p.  

10. A.P. Jalovec. Representation and processing of 
knowledge in terms of mathematical modeling. Kiev: 
Scientific thought. – 2011. – 359 p. 

11. V.I. Shynkarenko, V.M. Ilman and 
V.V. Skalozub “Structural models of algorithms in 
problems of applied programming. I. Formal algorithmic 
structures”. Cybernetics and Systems Analysis, vol. 
45(3), 2009, pp 329-339. doi: org/10.1007/s10559-009-
9118-0 

12. V.V. Skalozub, L.O. Panik. Parallel synchronous 
algorithms for analysis and planning of inhomogeneous 
flows in transport networks. Dnipro. National 
Metallurgical Academy of Ukraine, System 
technologies. – 2017. – Vol. 17 (112). – P. 183–197.  

13. Skalozub, V .Ontological support formation for 
constructive-synthesing modeling of information 
systems development processes [Text] / V. Skalozub, 
V. Ilman, V. Shynkarenko // Eastern-European Journal 
of Enterprise Technologies. – 2018. Vol. 5/54 (95) P. 55–
63. https://doi.org/10.15587/1729-4061.2018.143968 

., 
. .  

 
 01.06.2020 

 15.06.2020 
 

  



 

97 

. . , . . , . . , . .  

 
 

 
. -

,  
. . -

, -
-

. -
, . .  

, -
 (« ») .  

. -
-

. ,  
 « »,  

. 
. , -

,  -  
. -

, . -
. -

-
, . 

 
. 

: ; ; ; -
; ; ; -

; ;  

V. SKALOZUB, L. PANIK, B. BILYY, M. SKALOZUB 

MODELS AND PROCEDURES OF INTELLECTUAL TECHNOLOGY FOR 
FORMATION MULTI-GROUP TRAINS AND STREMLINE THE 
HETEROGENEOUS SEQUENCES OF ORDERS 

Purpose. The article presents the mathematical models development of intellectual technology for the multi-group railway 
trains formation, as well as the transition to its generalization and the mathematical models formation of the organizing inhomoge-
neous order sequences logistical task. Method. The article proposes an approach to modeling the processes of multi-group trains 
disbandment-formation, as well as constructive processes of ordering sets of heterogeneous order sequences by means of the ori-
ented graphs theory. There has been formed the improved structure of intelligent information technology for ordering order se-
quences, which uses knowledge base management procedures. Results. The article proposes new formulations of problems of 
ordering nondeterministic sequences, which differ due to the different complexity ("weight") of design operations. There is pro-
posed A method for forming models of ordering processes based on the theory of oriented and weighted graphs. There is proposed 
To implement graphical models of ordering the sequences of elements, the use of parallel synchronous algorithms for scheduling 
flows in networks . There have been developed specialized metrics for ordering sequences, the use of which has allowed to imple-
ment the task of ordering sequences "by weight", as well as to build effective procedures for finding patterns in the knowledge 
bases of the processes of disbandment-formation of multi-group trains. Scientific novelty. For the first time, the task of ordering 
heterogeneous order sequences, as well as the task of dismantling and forming multi-group formations are presented by models on 
graphs - models of critical path and maximum flows of minimum cost. The indicators for determining the degree of ordering of 
sequences, as well as there have been improved the procedure for searching for analogues in knowledge bases. Practical signifi-
cance. Representation of processes of ordering heterogeneous orders sequences and tasks of multi-group structures dismantling-
formation by classical models of optimal planning on the basis of the graph theories allows to increase efficiency, performance and 
reliability of the corresponding planning processes. Intelligent information technology through the use of knowledge bases will 
reduce the cost of planning the multi-group railway trains disbandment and formation processes. 

Keywords: nondeterministic sequences; ordering tasks; cost of operations; multi-group railway trains; intellectual technologies, 
graphic models; maximum flow with minimum cost; parallel algorithms 
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A. N. PASICHNYK, E. S. KUSHCHENKO 

ON THE EFFICIENCY TECHNOLOGICAL PROCESSES OF 
PROCESSING CONTAINER FREIGHT FLOWS 

The article discusses current issues of the development of transport and logistics infrastructure based on the intro-
duction of modern technologies for processing cargo flow in seaports. The purpose of this article is to develop tech-
nical proposals for the implementation of container transshipment at the «TIS» transport and logistics complex. Re-
sults. In the work, calculations were carried out taking into account the current performance indicators of the «TIS» 
container terminal. The basis was taken daily indicators of container handling. The calculations were carried out taking 
into account all the involved equipment with the corresponding appropriate technical interruptions in work that occur 
in real time. Proceeding from this, the obtained results have a rather high reliability and made it possible to establish 
how much it is possible to increase the volumes of container processing after the terminal modernization. The scien-
tific novelty should include the introduction of a set of measures to modernize technological schemes and technical 
equipment, including: the introduction of a structured distribution of loading and unloading operations, the recon-
struction of railway transport lines to ensure direct transshipment of containers from ships. The practical significance 
lies in the fact that the implementation of the proposed measures allowed the «TIS» terminal to confidently take the 
first place among the ports of Ukraine in terms of cargo flow processing. The proposed model can be generalized to 
improve the efficiency of other port transport and logistics centers. 

Keywords: transport technologies; transport and logistics complexes; container flows 
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