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ABSTRACT 

Sannytskyy N.M. Formation of traction support technology for cargo trans-

portation by private locomotives. – Qualifying scientific work as a manuscript. 

Thesis for the degree of Ph.D. in Technical Science (Doctor of Philosophy) 

specialty 05.22.20 – Operation and repair of transport modes (Field of 

knowledge 27 – Transport). – Dnipro National University of Railway Transport 

named after Academician V. Lazaryan, Dnipro, 2020. 

The thesis is devoted to the solution of the relevant scientific task of form-

ing  the  technology  of  traction  support  of  freight  railway  transportation  by  pri-

vate locomotives under conditions of separation of activity on infrastructure op-

eration and transportations. 

Using the mathematical statistics and correlation analysis, the volumes of 

cargo transportations and the dynamics of use indicators of the rolling stock 

providing them were investigated. Thus, it is found out that in the Ukrainian 

transport market there is a redistribution of freight transportation volumes be-

tween the railway and road transport. For the period since 2003, the share of 

railway transport has decreased from 73 to 64%. One of the main reasons for 

this situation is the critical deterioration of its fixed assets, in particular the lo-

comotive fleet. At present, the locomotive fleet of Ukrainska zaliznytsia JSC 

consists of 3871 units. The wear of the electric locomotive fleet is about 95%; 

the wear of the diesel locomotive fleet is 99%. As well, the reduction of locomo-

tive fleet leads to both a decrease in the volume of transportations and a deterio-

ration in the use indicators of freight cars. A very strong inverse relationship 

with a correlation coefficient of 0.94 was found between the locomotive fleet 

and the freight cars turnover. Thus, the problem of the development of the trac-

tion rolling stock is urgent for Ukraine. 

The modern methods of traction support for freight transportations by rail-

way have been evolved for the conditions where the railway is both a carrier and 
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an infrastructure operator. In such circumstances, the use of private locomotives 

is complicated by the need for significant investments in the locomotive fleet 

creation. Therefore, the formation of traction service technology for freight 

transportations by railway when introducing the private transportation compa-

nies in the transport market requires improvement. The methods of mathemati-

cal programming, economic and mathematical modeling and the theory of oper-

ational work of railways have been used to form the technology of traction sup-

port of cargo transportation in the conditions of functioning of independent car-

riers. 

Ukraine, on the one hand, and the European Union, the European Atomic 

Energy Community and their Member States, on the other, have signed an Asso-

ciation Agreement under which Ukraine has assumed the obligations to imple-

ment the European Union norms in its legislation including the European Union 

Directives on the organization of the railway transportations market. Given that 

one of the basic principles of organizing this market is the formation of a com-

petitive sector in the field of railway transportations, Ukraine has external obli-

gations to admit the independent carriers to the main railway infrastructure. 

The development of freight transportation technology in the trains with 

own (leased) locomotives requires the provision of information about the rail-

way infrastructure by the infrastructure operator to the carriers. In the EU coun-

tries, these functions fulfill the "Conditions of the use of infrastructure" (Net-

work statements) issued in accordance with the requirements of Directive 

2012/34/EU and the infrastructure register maintained under Directive 

2008/57/EU. 

In order to admit the private locomotive traction, the methods for formaliz-

ing the railway infrastructure description have been improved, which enables the 

interaction between the infrastructure operator and the independent carrier. 

The model of the railway network description is developed in the thesis. It 
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is proposed to use the parametric graph G = (V, E) as a model of railway infra-

structure. The operation points correspond to the graph vertices v V and the 

sections – to the arcs e E. One considers the transport network elements where 

some passenger, freight, commercial, or technical operations are performed that 

change the functional parameters of the major subsystems of the railway infra-

structure or make the transition from one infrastructure manager to another as 

operating points. Proposals have been developed to improve the technological 

processes` structure of the management of railway transportations and infor-

mation concerning the railway network description according to the require-

ments of the European Union. A database structure has also been developed, on 

the basis of which an interactive map can be created to inform the carriers about 

the technical characteristics of the main railway infrastructure and about the ser-

vices provided by its manager. 

The schemes of servicing by traction rolling stock depend on the location 

of the locomotive infrastructure in the network. Diesel locomotives of independ-

ent carriers will be able to service transportations between loading and unload-

ing stations up to 822 km, and electric locomotives – up to 1000 km with the 

construction of the main part of locomotive infrastructure at the station of load-

ing or unloading. When organizing transportations over a distance of more than 

500 km, the changes of locomotive crews during transportation should be pro-

vided. The calculations show the potential possibility for independent railway 

carriers to perform railway transportations with the creation of their own loco-

motive infrastructure. 

The method of assigning the private locomotives to train lines based on the 

solution of the destination task, the organizational structure of the private trans-

portation company are developed in the thesis. The main effect of admission of 

independent transportation companies to the transport market lies in a significant 

improvement in the use indicators of the cars. Thus, when organizing transporta-
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tions in the direction of Poltava Mining and Refining Plant – TIS Transport 

node, the car turnover is reduced from 105.56 to 68.73 hours. 

The use of private locomotives reduces transportation costs by up to 35%. 

The efficiency of using a private locomotive traction depends on the type of car-

go and nonlinearly depends on the transportation distance. Economic and math-

ematical modeling was applied to determine the area of effective use of private 

locomotive traction at the Ukrainian railways. Thus, the maximum effect of the 

implementation of private locomotive traction is achieved when transporting 

cargoes up to 300 km. The dependencies between the transportation distances 

and the minimum transportation volumes, which provide recoupment of capital 

expenditures for the development of locomotive fleet were developed. 

The scientific results obtained in the thesis, as well as the developed meth-

ods, make it possible to organize interaction between Ukrzaliznytsia JSC and the 

owners of locomotives when organizing the cargo transportations with own 

(leased) locomotives, as well as to determine the technical and economic effi-

ciency of such transportations. The results of the work are used during education 

in the Lviv Branch of Dnipro National University of Railway Transport named 

after Academician V. Lazaryan when training the bachelors of the specialty 275 

"Transport Technologies", when writing master's graduation theses and during 

the lectures on the discipline "Management of Operational Work", for the opera-

tion improvement of the transportation service in the Regional Branch "Lviv 

Railway" of Ukrzaliznytsia JSC. 

Key words: railway infrastructure, databases, technological process, re-

forming of railways, conditions of the use of infrastructure, railway transport, 

freight transportations, private locomotive traction, restructuring of railways, or-

ganization of freight transportations. 
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