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MODEL AND METHODS OF MANAGEMENT OF EFFICIENCY OF USE
OF PRODUCTION AND TECHNOLOGICAL POTENTIAL OF ROLLING
STOCK OF RAIL TRANSPORT

The article considers the problems management of efficiency of use of production and
technological potential of rolling stock of rail transport. It is investigated that to improve the
efficiency of functioning requires a comprehensive solution of many problems, with the rational use of
labor, material and labor resources.

A set of many tasks aimed at improving and ensuring the level of efficiency of rail transport
facilities and systems is considered.

It is investigated that in order to achieve the required level of efficiency of rolling stock operation it
is necessary to improve the management process by system model of the set of problems of efficiency
of use of production and technological potential of work of rail transport.As a result of solving the
problema mathematical model of the set of problems was proposed, which became the basis for
building a system model of the set of problems. The decomposition method and AllFusion Process
Modeler software were used to build the system model.

The paper considers the task of ensuring the required level of efficiency in the use of production
and technological potential of rolling stock and the proposed ways to solve it. There is also a
comprehensive review of objects, systems and processes, which involves their identification, providing
a formalized description. On the basis of which a model and method of diagnosis were proposed,
which inopen the possibility of interaction between the management of the subsystem of diagnostics
and planning of work of objects and systems of rolling stock on the basis of the actual technical
condition. The solution in this way will increase the indicators of the main aspects of production and
technological potential, which is the purpose of this work.

Keywords: diagnostic method, model, decomposition, system analysis, system, production and
technological potential.

Introduction. The main laws of construction, operation, development and adaptation of production
and technological potential of rolling stock should be based on the principle of functional unity of their
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objects and systems, which are described in the following sequence, taking into account the system
patterns and sequence:

Production and technological potential

Systems that
implement the
relevant processes

Processes that ensure the

Objects |5 required state of objects

Fig. 1. Components of production and technological potential

The efficiency of production and technological potential largely depends on the complex solution
of many Qj problems, which are focused on achieving high end results of rail transport with the
rational use of labor, material and financial resources [1, 5].

The set of Qy tasks is a necessary condition for the functioning and ensuring the required level of
efficiency and quality of work of rolling stock. Many Q; tasks are formed taking into account the
organizational, technological, technical, economic and social aspects of rail transport.

Organizational aspects of work include the level of organization of labor and production.

Technological aspects necessitate the search for new technological solutions for production
processes in order to intensify the use of production and technological potential of rolling stock.

Technical aspects characterize the technical equipment of production processes, as well as
technical performance of facilities and systems of rail transport.

Economic aspects characterize the efficiency of use in the work and production of all types of
resources and the ultimate effectiveness of the functioning of systems and facilities of rail transport.

The set of Qj tasks that is necessary to ensure the required level of efficiency of the rolling stock
rolling stock must comprehensively take into account all aspects of its work.

The purpose and objectives of the study. The purpose of the study is to study the methods and models
of management of the efficiency of use of production and technological potential of rolling stock for rail
transport for improving the indicators of the main aspects of production and technological potential.

Obijectives of the study: 1. Analyze problems management of efficiency of use of production and
technological potential of rolling stock of rail transport. 2. Investigatemany tasks aimed at improving
and ensuring the level of efficiency of facilities and systems of rail transport. 3.
Analyzecomprehensive consideration of objects, systems and processes, which provides for their
identification and provides a formalized description. 4. Develop a modeltasks of efficiency of use of
production and technological potential of work of rail transport. 5. Suggest methods thatinopen the
possibility of interaction between the management of the subsystem of diagnostics and planning of
facilities and systems of rolling stock.

Materials and methods of research.To study the effectiveness of the use of production and
technological potential the work of rail transport needs to streamline many tasks Qj in accordance
with the tasks and objectives set before the operation of rail rolling stock. For this purpose it is
necessary to divide by the method of decomposition of the system analysis into two subsets and to
present system model of set of problems of efficiency of use of production and technological potential
of work of rail transport [2-5]:

Qi = Qi {Qikl’Qikz} — QW Qu* = Qs (1)
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where Q,'— a subset of tasks, the solution of which ensures the achievement of the required level
of quality of production processes due to the efficiency of the rolling stock of rail transport;

Q,” — a subset of tasks, the solution of which ensures the rational use of resources;

| — types of resources i = 1,2,..., [ used to solve new optimization problems;

k — stages of the life cycle of rail rolling stock k=1,2, ......... , K.

Also, the main aspects that affect the efficiency of the use of production and technological potential
were investigated and analyzed, as a result of which many tasks were identified [4, 7]. On the basis of
which the system model of problems of efficiency of use of production and technological potential of
work of rail transport by a method of decomposition by means of the AllFusion Process Modeler
software is presented. The model is modeled withfunctional diagrams, which are based on the IDEFO

standard and presented in the form of a context diagram (Fig. 2) and in the form of a decomposition
diagram and descriptions (Fig. 3).
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Fig. 2. System model of problems of efficiency of use of production and technological potential
of work of rail transport by means of the context diagram

The main criteria for the systematic solution of many problems Qikthe quality and efficiency of the
operation of the rolling stock of rail transport, taking into account all aspects of its activities. Criteria
are formed on the basis of the formula of system analysis:<quality><><efficiency>.

Many tasks are formed on the basis of system criteria Qik, which provide optimization of the
relevant processes [6] and the final results of the operation of facilities and systems of rail transport.

The problem of ensuring the required level of efficiency in the use of production and technological
potential of rolling stock was considered.
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Fig. 3. System model of problems of efficiency of use of production and technological potential
of work of rail transport by means of the diagram of decomposition and the description

The main purpose of operation is presented in the form of a mathematical model:

UjeU Ui

maxH:mSa{ICi—(iA +AHi+AAiI|, (2)

where rJlaa(H— maximum profit for the i-th period of time with the rational use of labor, material

and financial resources;

IC;— income from efficient operation of rail transport in the i-th period of time;

Ai — labor and material resources spent on the operation of production processes of rail transport in
the i-th period of time;

Ayi — overhead for the i-th period of time;

A, — depreciation accruals for the full restoration of fixed assets.

Depreciation accruals are mostly used to form the investment fund required for the modernization
and technical re-equipment of rail transport facilities and systems.

Given the complexity of production processes of efficient operation of rail transport, a
mathematical model for managing the efficiency of use of production and technological potential of
rolling stock in the form of:

T = Too T Tt T Ty )i =1,2,3,0., 1;4 =1,2,3,...,Q, (3)

where T, — model of functioning of production processes of rail transport on the i-th period of
time;

T, — model of functioning of separate production processes of rail mobile transport on the i-th
period of time.
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Models of functioning of separate production processes can be set on a set of tasks Qik, the
solution of which in the system unity [6] on the basis of wide application of modern methods and
information technology ensures the achievement of high results of efficient operation of rail transport.

The paper considers the issue of solving at different levels of the hierarchy of production and
technological potential of many problems Qy that providesformation relevant system requirements,
which are based on a comprehensive consideration of all facilities and processes of production and
technological potential of rail transport. Comprehensive consideration of objects, systems and
processes involves their identification [7-10], which provides a formalized description.
Identificationincludes a study of structural and functional features of facilities and systems of
production and technological potential of rail transport .. Required list of key parameters that are
diagnostic features of subsystems and components of rolling stock, a set of inspection methods and a
list of defective conditions for each type of technical means [6, 7]. Diagnostic assessment is
determined by the task of classification:

X = (X1, %2, 00, %0) 2 Y = (Y1, Y25 0004, ), (4)

where are the diagnostic parameters of objects and systems, which are presented in the form of a
hierarchy; Y - many state classes of objects and systems.X = (x4, x5, ..., Xp,).

The obtained fuzzy model is used to assess the actual technical condition Y * depending on the
monitoring of data on the parameters X* [5] of the rolling stock of rail transport. At kcomplex
consideration of objects, systems and processes the one of problem is the imperfection of methods of
diagnostics of objects and systems of rolling stock in terms of accessibility of data processing and
decision-making on quality assurance and repair planning [11], including in conditions of uncertainty
[13, 15]. In this situation, it is advisable to use intelligent technology to solve diagnostic problems that
are complex and difficult to formalize. In contrast to classical approaches [15], they allow to analyze
not only preliminary data on the operation of systems and objects, but also the knowledge and
experience of specialists [16, 17].

Mechanisms of the intelligent decision support system [12, 14] can be implemented using fuzzy
inference systems, in combination with optimization and clustering methods. This approach allows the
use of statistical data and expert opinions in the development of diagnostic models and increase the
reliability of assessing the condition of objects and systems of rolling stock [5, 6, 16].

Fuzzy rules are generated by an expert. They mimic the logic of experts in assessing the state of
objects and systems of rolling stock and form a knowledge base built on a hierarchical principle [16,
17]. Thus, a comprehensive assessment of the general condition of rolling stock can be obtained, as
well as an assessment of its condition of the elements, which is the basis of the technical aspect of
production and technological potential of rail transport management efficiency.

The rules of the intermediate and resulting databases, hierarchically linked, are written in the format:

if (x{ = giy and xs = g}, and .....and x}; = gy, ; with the weight wy),
theny, =dip, f =1,q,
if (yy =dyjand y, = d,j and .....and y; = d;; with the weight w;),
thenY = hj,j =1,z

where g ™ — is a fuzzy term that is an attribute of the estimate x,', dif, dij are fuzzy sets that
estimate the state iy of an element or system of rolling stock, h; — is the value derived from jth rules of
classes S e{sy, ....s;} for real assessment of the state of rolling stock.
As a result of the actual assessment of the technical condition of rolling stock is defined as the class
with the maximum degree of membership [14]:

Y = arg'{sl,SZ,...,sl} max(.usl (Y), Us2 (Y)r ey Ut (Y)) ’ (5)
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where nie pg, (Y) = aggvj:ﬁ]:st (,uj(X)) is the degree of number of system members and objects

of key diagnostic parameters of values to classes s;,t = 1,[;
1i(X) = w;j * (minl, (aggvf:d}:et((uf(Xi)))> - the degree of implementation of the jth rules

characterizing the state of rolling stock;
tr(X;) = wp * (min (yf(x{), ""!Mf(xrili))) - the degree of compliance fth rules characterizing

the qualitative state ith the element.

Thus, the proposed method of diagnosis opens the possibility of interaction between the management of
the diagnostic subsystem and the planning of rolling stock facilities and systems based on the actual
technical condition, which will improve the main aspects of production and technological potential.

Creating a system model for managing the efficiency of use of production and technological
potential of rolling stock [6] of rail transport is a key element of the approach. The efficiency of its
management allows to collect data on the operation of facilities and systems of rolling stock and use it
to improve the performance of components of many tasks of production and technological potential
and efficiency of decision-making aimed at operational costs of optimization.

Conclusions. Analyzed the problem of efficiency of management of production and technological
potential of rail rolling stock.Based on the system criteria, a set of Qik tasks has been formed, which
provide optimization of production processes and final results of operation of facilities and systems of
rail transport. The system model of problems of efficiency of use of production and technological
potential of work of rail transport by a method of decomposition is developed. The method of
diagnostics of objects and systems of a rolling stock is offered,which will increase the indicators of the
main aspects of production and technological potential.
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MOJAEJIb TA METOAU YIIPABJIIHHSA E@EKTUBHOCTI BUKOPUCTAHHS
BUPOBHUYO-TEXHOJIOTTYHOI'O HIOTEHOIAJTY PYXOMOI'O CKJIAAQY
PEMKOBOI'O TPAHCIIOPTY

Y cmammi posensnymo npoOnemu  ynpagninus e@exkmuenocmi SUKOPUCMAHHA  GUPOOHUYO-
MEXHONI02IYHO20 NOMEHYIATY PYXOMO20 CKIady pelikogoco mpancnopmy. [ocniodxceno, wo 0as
B00CKOHAIEHHS eeKmUusHOCmi pyHKYIOHYB8AHHA HeOOXIOHO KOMNIEKCHE BUPIUEeHHS MHOMNCUHU 3004y,
npu payioHanbHOMy 6UKOPUCANHI MPYO0GUX, MAMEPIANbHUX MA MPYOOBUX PECYPCis.

Pozenanymo xomniekc MHOMCUHU 3a0ay, AKI CHPAMOBAHI HA NOKpAWwjeHHs ma 3abe3neyents
BU3HAYENO PIGHS epeKmUusHocmi PYHKYIOHY8aHHs 00 €Kmig i cucmem petikogoco mpaHcnopmy.

Hocnioaceno, wo 015 0ocacHeHHs HeoOXIOH020 PIBHA eheKmuUsHOCmi (PYHKYIOHYBAHHS PYXOMO20
CKAA0y NOMPIOHO 80OCKOHAIUMU HpOYeC YNPAGNiHHA 3a OONOMO20K) CUCHMEMHOI MOOenb MHONCUHU
3a0ay egekmusHocmi GUKOPUCMAHHA BUPOOHUYO-MEXHONIO2INHO20 NOMEHYIATy pOOOmU pelKo6020
mpaucnopmy. Y pesynomami supiuientsa nocmagneHoi npooiemu 6yio 3anponoHo8aH0 MAmeMamuity
MOOeb MHOMCUHU 3a0ay, KA CMAld OCHO8010 0/l N0OY008U CUCMEMHOI MOOeni MHOXNCUHU 3a0ad.
Ilpu nobyoosi cucmemnoi Mmooeni GUKOPUCTNOBYBANU MemOoO OeKOMNO3Uuyii ma npocpamHe
3abesneuenns AllFusion Process Modeler.

B pobomi poszenanymo 3adauy wjoodo 3abe3neuenHs HeobXiOHO20 PIBHS eeKMUBHOCMI BUKOPUCTIANHS
BUPOOHUYO-MEXHONO2IYHO20 NOMEHYIANY PYXOMO20 CKAAOY PelKO8020 MPAHCNOPMY ma 3anponoHOAHI
wiaxu il eupiwenns. Takoo Hageoeno KOMMIEKCHUll pos3ensio o0 ’€kmig, cucmem i Npoyecis, AKull
nepedbauae ix idenmugbixayiro, wo 3abesneuye ¢popmanizoeanui onuc. Ha ocuosi uozo 6yno
3anponoHOBAHO MOOETb Ma Memoo OIAZHOCIUKU, WO GIOKPUBAIOMb MOICTUGICMb 83AEMOOI] YNPABIIHHA
niocucmemoro OiazHOCMUKY ma NIAHY8anHs pobomu 00 €Kmie i cucmem pyxomoeo CKIady HaA OCHOSI
Gaxmuunoco mexniuno20 cmauy. Bupiwienns makum wisixom 003601umb NIOGUWUIMU  NOKAZHUKU
OCHOBHUX ACNEKMIE BUPOOHUYO-EXHONO0IYHO20 NOMEHYIAT, WO € MEMOol0 OaHOi pobomil.

Knwuogi cnoea. memoo oiacnocmuxu, mMooeib, O0eKOMNO3UYis, CUCMEeMHUL AHANI3, cucmemd,
BUPOOHUYO-MEXHOIOCTYHUL NOMEHYIAIL.
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