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DEVELOPMENT OF A SYSTEM MODEL OF TECHNICAL OPERATION
MANAGEMENT IN TRANSPORT INFRASTRUCTURE PROJECTS

The article considers the problems of quality management of repair and operation of technical
means in projects of development and maintenance of transport infrastructure, which is the most
important factor in improving living standards, economic, social and environmental safety. The
project quality management system and planning methodology are considered. It is investigated that
in order to improve this system it is necessary to solve the problem of integration of quality
management principles and their adaptation to transport infrastructure projects on quality
management of repair and operation of technical means and the ways of solution are shown.

A set of interrelated organizational and technological tasks and measures aimed at restoring the
normative transport and operational indicators of repair and operation of technical means of
transport is considered.

It is investigated that the process of project quality assurance at the level of quality management in
transport infrastructure projects consists of the adoption of planned systematic measures to ensure the
implementation of all envisaged processes. On the basis of researches the system model of criteria by
means of which it is possible to define system efficiency of development and realization of the
corresponding projects of transport infrastructure is offered.

As a result of solving this problem, a model of management and decision support for diagnostics of
technical means in transport infrastructure projects has been developed, which opens prospects for
planning and timely maintenance and repair of technical means of transport to ensure and improve
traffic safety.

Keywords: technical means, model, control system, monitoring, project, quality, system analysis.

Introduction. In today's market there is an increased interest in the issue of project
management quality. Increased interest in quality management of repair and operation of technical
means in projects of development and maintenance of transport infrastructure is the most
important factor in improving living standards, economic, social and environmental safety. It is
almost impossible to solve this problem only by controlling the system, ie by traditional methods.
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There should be a comprehensive, systematic approach, the implementation of which is possible
only within the management system based on systems analysis, namely the development of
strategy and organization of the technological process of operation of technical means [1].

Analysis of recent research and problem statement. One of the key issues in the
development of quality management of repair and operation of technical means in projects of
development and maintenance of transport infrastructure of Ukraine is project activity.
Accordingly, the relevance of the study of integration issues of quality management, as well as the
methodology of organization, planning, management, coordination of human, financial and
logistical resources during the life cycle, which aims to effectively achieve the project goal and
defined results in terms of composition and scope of work, their cost, sometimes, quality through
the application of modern methods of management technologies [2].

The most important parameter of the project, which can and should be managed is its quality,
and quality management involves the processes necessary to meet the needs for which it is
designed, as well as the quality and products of the project [3]. Examining the project quality
management system and planning methodology, the problem of integration of quality
management principles and their adaptation to transport infrastructure projects for quality
management of repair and operation of technical means remains relevant, which requires further
systematic research.

The purpose and tasks of the study. The purpose of the study is to form a system model for
ensuring the quality of design work during operation, repair and maintenance of technical means
of transport.

Objectives of the study: 1. To analyze the problems of quality management of repair and
operation of technical means in projects of development and maintenance of transport
infrastructure. 2. Investigate a set of technological tasks and measures that are necessary to ensure
the operation of technical means in transport infrastructure projects. 3. Define procedures for the
implementation of transport infrastructure projects for the operation of technical means of
transport. 4. Develop a system model for managing the operation of technical means of transport.

Materials and methods of research. Recently, quality management is perceived in its
final form as the final product. However, the problem of improving the quality of products
and services is so complex and diverse that its successful solution is possible only if all
participants in the production and technological process of repair and operation of technical
means not only care about the pragmatic side of this case, but also form a modern system of
views. , will improve the system and quality management, will develop the planning
methodology in infrastructure projects [4].

Quality in modern economic conditions is an integral target characteristic of each project
product. Without compliance with the planned parameters, quality standards of the project object
it is impossible to achieve the goal.

Under the project management we will consider a set of interrelated organizational and
technological tasks and measures aimed at restoring the normative transport and operational
indicators of repair and operation of technical means of transport and carried out under financial
and other resource constraints in a timely manner. The main reason for the development and
implementation of projects for the operation of technical means of transport is non-compliance
with regulatory indicators.

Within project management, there are two types of processes, the first of which are
management processes that are common regardless of the type of project, aimed at achieving a
common goal and include such groups of processes as initiation, planning, implementation,
monitoring and management and completion. The second type of process is a product-oriented
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process and consists in determining the main properties, characteristics and purpose of the
product, with the subsequent implementation of this complex in reality, in accordance with the
interests of all stakeholders in creating a project product. Good project management, aimed at
both groups of processes, is not enough to succeed. The key to success is a detailed, specific,
measurable quality criterion for managing all types of project processes [5]. Therefore, there is a
need to integrate quality management in the management of all types of processes, which will
meet the requirements of the customer not only the quality of the final product of the project, but
also its quality functional system.

The main parameter of the project quality is the quality of the product, namely the
transportation of passengers, goods, which is the result of execution. The quality of a product or
service is often understood as a set of its properties that determine the level of ability to meet
certain needs of consumers in accordance with their purpose.

In the management of the quality of operation and repair of technical means in transport
infrastructure projects, the concept of «quality» is considered in four aspects [6]:

1) product quality as compliance with market needs and consumer expectations, which is
achieved through accurate and effective identification of customer needs and expectations in order
to meet them;

2) the quality of development and planning, which is achieved through detailed and careful
development of the project and its product;

3) the quality of work on the project in accordance with the planning documentation, which is
ensured by compliance with the implementation of its plan, as well as ensuring the developed
characteristics of the product and the project itself;

4) the quality of resources involved in the implementation of the project and is achieved
through high-quality logistics of the project throughout its life cycle.

The quality assurance process at the level of quality management in transport infrastructure
projects consists of the adoption of planned systematic measures to ensure the implementation of
all envisaged processes necessary for the project to meet quality requirements.

The planning methodology is the most important factor influencing the quality of the project
and includes the following stages:

1. Definition of goals and their description. Quite often projects start without a clear goal.

2. Definition of technological stages. Implementation technology must be selected for the
project, which determines the stages of development. One of the typical planning mistakes is the
inconsistency of the technological cycle plan.

3. For technological stages it is necessary to define the list of tasks, to specify their
interrelation, sequence and the forecasted duration.

4. The need to agree on the resources allocated to the project. It should be noted that all
resources of the organization should be distributed centrally. Quite often there is a planning error
due to the fact that some scarce resources are used simultaneously in two different projects at the
same time.

5. Analysis and assessment of risks lead to the emergence of new tasks and to attract additional
resources.

6. Determining the price of resources determines the budget. One of the common mistakes is
that the budget is set without paying attention to the projected cost of the project.

The formation of a quality assurance plan should be based on a systematic approach. The
quality management process is a component of any project planning.

Quality assurance involves defining a standard, appropriate methods and quality requirements.
The integration of the requirements of 1SO 10006: 2005 and PMBOK [7] makes it possible to
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form a logical set of quality assurance measures, which can be presented in the form of a quality
assurance plan. Thus, the quality of the final result can be influenced by the method of influencing
its forming processes. All processes are elements of the system in which they operate. The quality
of construction of this system and the mechanism of its functioning affects the quality of its
components.

Transport infrastructure projects for the operation of technical means of transport are not
typical and are implemented according to a certain procedure. Quality parameters and the process
of its provision should be formed for each project separately. The task of ensuring the quality of
the project at the appropriate level is relevant at all stages of its life cycle and is implemented by
various procedures that are interrelated [8].

In order to ensure compliance of the achieved results of the project with the previously
established indicators, it is necessary to implement quality management through the following
processes: planning, quality assurance and control [9].

Quality planning is carried out as part of project planning, which must include work, the
implementation of which ensures the quality of results. The quality plan should determine how the
project will ensure the quality of work from the standpoint of organizational structure, resources,
technological support. An important element, at the stage of quality planning, is the development
of documents governing actions for quality control of project management and quality
management procedures. Quality planning begins with defining quality objectives, policies and
standards related to the content of the project. The actions and responsibilities of the team
members, which are necessary to achieve the goals and adhere to the standards, are then
determined. The result of quality planning [10, 11] is presented in the form of quality assurance
plans and management processes that ensure the implementation of these plans, and is achieved
by synchronization with the main (content planning, schedule, cost) and auxiliary (risk planning,
team) planning processes.

Quality assurance is carried out through the process of performing planned systematic
operations on quality management, which ensure the implementation of all the envisaged
processes necessary for the project to meet the established quality requirements. To control the
quality of the project, it is necessary to define control points and criteria, to determine the
compliance of project quality with the standards set in the quality assurance plan. The knowledge
and experience of quality assurance gained in the current project should be used in drawing up
quality assurance plans for subsequent projects.

The system model of criteria of management of operation of technical means thanks to which it
is possible to define system efficiency of development and realization of the corresponding
projects of transport infrastructure of improvement of management of quality of repair and
maintenance of technical means of transport is presented. The system model of quality of design
works at operation, repair and the maintenance of technical means of transport is the following:

[4.G.G..G)[G,() ~G, ()| di
4 =" T &)
[G, ()di

G =G,,i=12,.....N 2
where G, — value that characterizes the production and technological potential in transport
infrastructure projects in the i-th period of time;
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G, — useful work performed by transport infrastructure units for operation and repair of
technical means in the i-th period of time.

N
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wherel; — the set level of profitability of functioning of technological processes of operation
and repair of technical means of transport on the i-th period of time (0 < r, <1); .

C;i, —the cost of the service provided to the p-name for the i-th period of time;

Q;, —number of services provided and performance of works in the environment of
functioning of technological processes on repair and operation on the i-th period of time.

h;i = h,; K, +hy K + 0, K + K + ke + e Ker s 4)

whereh,;, hy;, h,;— according to the standards of wage costs, materials, spare parts for the
mechanisms of the j-th name in the base period;

K,i, Kui, Ky — respectively, the index of growth of costs for wages, materials, spare parts for
the i-th period of time;

hg; , hrij, hery — respectively, the standards of costs for electricity, heat and compressed air in
the base period;

K, Kri, Keri — respectively, the growth indices of regulatory costs for electricity, heat and
compressed air in the i-th period of time.

4, = |Gy =Gy, for Gy ) Gy, ©)

A =[#(,G,,G)|G, (i) —G, ()| di, (6)

where ¢,(i,G,,G,) — weight function, which shows that the same deviations at different points in

time are not the same.
Criteria for system efficiency of works and implementation of relevant transport infrastructure
projects are defined by expression:

E, =max{R,,P }Amax{C,,M,, K,, S, } Amax{R,} Amin{T,E,C,.C,,C, L}, (7)

whereR, — return on assets; P, — productivity;C, — capital adequacy; M, — mechanical
armament; Kk, — equipment load factor;s,, — suitability of technical means; P, — technological
process productivity; T — technological process costs;E — energy consumption of the
technological process;c, — material costs;C, — cost of equipment;C — cost of operation of
technological processes; L, — level of job specialization.

Quality control is a mandatory element in order to achieve the planned quality indicators of the
project in the process of its provision. Which on the basis of intermediate observations of project
results makes it possible to determine compliance with regulations and standards and to develop
actions to eliminate deviations [12-15].
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Taking into account the system approach of the process, a model of management and decision-
making support of diagnostics of technical means in transport infrastructure projects has been
developed. Due to the functional and information communication and information exchange
processes between diagnostic procedures, the model is presented in the form of a diagram (Fig. 1).
The model itself reflects the mechanism of the intellectual decision support system in assessing
the state of technical means [1, 14], as well as the prospects of planning and timely maintenance
and repair.
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Fig. 1. Model of management and decision support of diagnostics of technical means
in transport infrastructure projects

The analysis of the object of transport infrastructure includes the study of structural and
functional features of technical means. A list of key parameters that are diagnostic features of
subsystems and components of technical means, a set of inspection methods and a list of
defective conditions for each type of technical means is needed [6, 7]. Diagnostic assessment
of technical means is determined by the classification task:

X =(x1,%2 %) 2 Y = (Y1, Y2 o) V), (8)

where X = (x4, x5, ..., x,)—these are diagnostic parameters of technical means aggregated

by the principle of association with its elements and presented in the form of hierarchy; Y -

many classes of state of technical means connected with algorithms of actions on the
investigated object.

The obtained fuzzy model is used to estimate the actual technical condition Y* depending
on the monitoring of data on the parameters X*. Recommendations for operation,
maintenance and repair work are formed on the basis of diagnostic results and used by
engineering and technical personnel at the planning stage.

It is possible to develop recommendations on individual elements, including the analysis
and elimination of typical defects, as well as, accordingly, a comprehensive assessment of the
state of technical means, which helps to determine further strategies for operation.
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Thus, the proposed control model opens the possibility of interaction between the control
subsystem of monitoring and diagnostics and planning of the subsystem of a certain complex
based on the actual technical condition. At the same time, monitoring can be performed
periodically or on-line.

Conclusions. The problem of quality management of repair and operation of technical
means in projects of development and maintenance of transport infrastructure is analyzed. It is
determined that it is possible to solve it by improving the quality management system and
developing the planning methodology in transport infrastructure projects. The complex of
technological tasks and measures which is necessary for maintenance of process of operation
of technical means is investigated. The quality assurance process at the level of quality
management in transport infrastructure projects consists of the adoption of planned systematic
measures to ensure the implementation of all envisaged processes necessary for the project to
meet quality requirements. The formation of the quality assurance plan is based on a
systematic approach, which became the basis for the development of a management model
and support for decision-making diagnostics of technical means in transport infrastructure
projects. The paper develops a system model of operation management of technical means of
transport, which opens the possibility to determine the system efficiency of development and
implementation of relevant transport infrastructure projects, improvement of quality
management of repair and maintenance of technical means of transport.
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PO3POBKA CUCTEMHOI MOJEJI YIIPABJIIHHS EKCILTYATAIIEIO
TEXHIYHUMHU 3ACOBAMU B IPOEKTAX IHOPACTPYKTYPU TPAHCIIOPTY

Y cmammi poseasnymo npobremu ynpaeiinHs AKICIIO peMOHMY ma eKCniyamayii mexuiuHux
3acobie 8 NPOEKMAX pO3GUMKY mMd RIOMPUMKU  IHpacmpykmypu mpaHcnopmy, uwo €
HAUBANCIUGIUUM YUHHUKOM NIOBUWEHHS DIBHS JHCUMM, eKOHOMIYHOI, COYianbHOI Ui eKONOo2iUHOT
bezexu. Po3zenanymo cucmemy YAPAGAIHHA AKICMIO NPOEKmMy ma Memoooa02il0 NIAHY8AHH.
Hocniooceno, wo 01 800CKOHANEHHA OaHOI cucmemu HeoOXiOHO eupiwumu npobaemy iHmeepayii
NPUHYUNIE YNPABIIHHA AKICMIO ma iX adanmayiro 00 NPOEKMI8 IHGpacmpyKmypu mpaHcnopmy 3
VIPAGIIHHA AKICIIO PEMOHMY Md eKCHAYAmayii mexHiuHux 3aco0ie ma NOKA3aHO WISXU SUPIULCHHSL.

Pozenanymo xomnnexc 83acmonos’szanux opeanizayitino MexHoJI02IYHUX 3a60aHb | 3ax00i8, AKi
CNPAMOBAHI HA 8IOHOBNICHHS HOPMAMUBHUX MPAHCNOPMHO-EKCILYAMAYIHUX NOKA3HUKIE PEMOHMY md
excnyamayii mexHiuHux 3aco0ie mparcnopmy.

Jlocnioaceno, wo npoyec 3a6e3neuents AKOCMi NPOEKMY HA PIGHI YNPAGTIHHI SKICMIO 8 NPOEKMAX
IH(hpacmpykmypu mpancnopmy cKia0aemuvcs 3 NPUUHAMMA NIAHOBUX CUCMEMAMUYHUX 3aX00i8, WO
3abe3neyyoms GUKOHAHHA YCix nepedbaueHux npoyecie. Ha ocnosi 0ocniodcenb 3anponoHo8aHoO
cucmemHy Mooenb Kpumepiie 3a 00NOMO2010 SAKOI MONCHA BUSHAYUMU CUCTHEMHY eheKmusHicmb
PO3poOKU ma peanizayii 8iON0GIOHUX NPOEKMIB IHPPACMPYKMYPU MPAHCHOPTY.

Y pezynomami supiwenns nocmasienoi npobiemu po3pooieHo MoOeib YAPAGIIHHA Md NIOMPUMKU
NPUiHAMmMSL pilenb OldeHOCMUKY TeXHIYHUX 3aco0ié 68 NPOEKMAax HGpacmpykmypu mpancnopmy,
AKa BIOKpUBAE NepCHeKMuUsU NIAHY8AHHA [ CBOEYACHO20 MEXHIYHO20 00CNY208Y8AHHA MdA
PeMOHmMY MeXHIYHUX 3ac00i6 mpancnopmy 0iis 3a0e3nedentHs ma nio8ueHHs Oe3neKu pyxy.

Knrouosi cnoea. mexniuni 3acobu, mooenn, cucmema ynpasiiHHs, MOHIMOPUHE, NPOEKM, SKICMb,
CUCTMeMHUL AHAE3.
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