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DEVELOPMENT PROGRAM

The subjects of research in the article are programs and projects for the development of transport infrastructure with the allocation of
the logistics system. The purpose is to develop a systematic representation of the process of development of a logistic transport
system, taking into account the goals of the transport infrastructure development program. The following tasks are solved in the
article: systematization of the goals and objectives of the transport infrastructure development program, analysis of the features of the
logistic transport system and processes of its development management, development of a generalized formalized presentation of the
logistic transport system and the process of its development. To solve these problems, we use methods of system analysis, set theory,
hypercomplex matrices. The following results were obtained. The principles of sustainable development of transport infrastructure
are analyzed. The article presents the systematization of the goals and objectives of the transport infrastructure development program
and outlines the basic principles of its sustainable development. The tasks of development of the logistic system in the transport
infrastructure of the country are considered. A logistic transport system is presented in the form of a graph, where vertices are its
elements and connections are information and material flows. When determining the acceptable level of the parameter of development
of the logistics transport system, such types of coordination problems arise when making management decisions, such as integral,
deterministic and range. In a formalized form, the logistic transport system is presented as a set of system invariants that determine its
properties: complexity, dynamism and structural. There are three phases of uncertainty change taking into account the development of
the system. The hypercomplex matrix of the system allows you to define its elements and their connections. Conclusions: The
analysis of the research subject revealed that the issues related to the choice of system concept and methodological tools for the
formation of distributed logistics infrastructure remain unsettled, and the problems of transport infrastructure of Ukraine are
highlighted. Based on the proposed graph analytic representation of the logistic transport system, it is possible to analyze its structure.

Keywords: transport infrastructure; sustainable development; logistics system; hypercomplex matrix; system submission;

phases of development.

Introduction

Reforming the transport structure of the country
requires the use of innovative mechanisms in project and
program management [1], in which considerable attention
is paid to change, risk, quality, resources,
communications, and so on. To date, successful projects
and programs in Ukraine are mostly innovative and
infrastructural.

The transport sector plays an important role in the
socio-economic development of the country, because a
developed transport system is a prerequisite for economic
growth, improving the competitiveness of the national
economy and the quality of life of the population.
However, the level of safety, quality and efficiency of
passenger and cargo transportation, energy efficiency,
man-made environmental load do not meet current
requirements. There is a lag in the development of the
transport network, especially in the development of public
roads on the pace of motorization of the country. In
particular, the development of the transport infrastructure
development program of Kyiv for 2019 - 2023 is projected
to increase the number of vehicles registered in the capital
by 60% by 2025. The traffic and operational conditions of
the roads are unsatisfactory: 51.1% do not meet the
requirements for equality, 39.2% - for durability.
Transport is a source of emissions of one-third of harmful
substances in Ukraine. For example, in cities, 90% of the
emissions of harmful substances are made by road
transport.

Other problems include the following: mismatch of
the transport network to the existing pass-through;
unsatisfactory conditions for all road users, lack of
transport efficiency of bridge crossings to the needs of

residents; undeveloped rail and land transport system;
poor quality of the suburban train; low average speed of
public transport; lack of a unified parking space, etc.
These disadvantages are caused by such external and
internal current political and economic conditions; lack of
developed logistics infrastructure; outdated technologies
and forms of transport management.

Analysis of recent research and publications

The works of such scientists as Vinnikov V.,
Kotlubai O., Novikova A., Preiger D., Rybchuk A.,
Khakhlyuk A. and others are devoted to the study of
problems of functioning of transport systems and their
development. Some aspects of the functioning of the
transport system of Ukraine have been analyzed.

The main methodological provisions of the
development strategy development were developed and
published in the works of G. Mintzberg, M. Porter and
other foreign and domestic scientists [2-4]. Many
domestic scholars have been engaged in scientific research
on the development of economic and mathematical
models of transport system development [5-9]. Modelling
problems of transport systems are solved in [10, 11].

Published articles and monographs focus on solving
partial, unrelated goals of transport system management
[12]. In addition, there is no problem of creating a
distributed logistics infrastructure and management, there
is no discussion of the choice of system concept and
methodological tools for solving these problems [13].
Problems of a systemic nature for substantiating the
intellectual components of logistics infrastructure are
considered, which will ensure that effective decisions are
made [14]. When designing innovative transportation
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projects, the accumulation and use of knowledge in the
form of successful past projects are not fully taken into
account [15]. Due attention has not been paid to modern
forms of management, such as the intellectualization and
virtualization of management of socio-technical systems
[16]. Little attention has been paid to the systematic
integration of transport systems in the wide range of
problems associated with reforming and developing the
country's distributed infrastructure and making effective
decisions [17].

Highlighting unresolved parts of a common problem.
The goal of the work

It should be noted that the question of finding and
justifying the directions of development of the potential of
transport systems in Ukraine in the context of the impact
of external crisis phenomena and economic development
trends is still unresolved and urgent. It is necessary to
create a new approach to the management of transport
infrastructure development programs (TIDPs), which is
based on the formation of intellectual decision-making
environment, risk-oriented management methods in
transport innovations, effective methods of managing
virtual complex systems, which will ensure sustainable
development of logistics infrastructure countries and
integration into the world transport system.

The purpose of the article is to develop a systematic
representation of the process of development of logistics
transport system, taking into account the goals of the
program of development of transport infrastructure.

The tasks are solved:

- systematization of the goals and objectives of the
transport infrastructure development program,

- analysis of the features of the logistics transport
system and the processes of managing its development,

- development of a generalized formalized
representation of the logistics transport system and its
development process.

Materials and methods

Consider defining the program in terms of project
management standards. The Program [18] is a series of
related projects that are coordinated to achieve the
benefits and degree of manageability that are not available
when managed individually. According to the P2M body
of knowledge, the program is a commitment that the
project team organically combines to achieve a coherent
mission [19].

Individual projects are combined based on the
strategic mission of the program. Structurally grouped
projects need to address a range of issues related to the
various tasks and methods of their implementation.
However, the program has a longer duration and
uncertainty than these project totals.

The basic attributes of the program include [20]:
multiplicity,  scalability, = complexity,  uncertainty.
Multiplicity of the program means that its set of projects
has several different goals and objectives. Callability is a
hallmark of a program in size and structure. The

complexity of the program arises from the interaction
between projects, from the combination and overlapping
of their life cycles, from the uncertainty of the conditions
of implementation [18].

The term "Program Management" in notation
(PMBOK Guide 5rd Edition [19]) is defined as centralized
coordinated program management that aims to achieve the
benefits and strategic goals of the program. Program
management provides the ability of the governing body
(organization) to adapt to changes in the external
environment to accomplish the mission of the program, by
optimizing the relationship between projects. Individual
projects are grouped into a program to increase its
effectiveness if they have certain characteristics that
benefit from group project management [20].

The development program is the planning of the
future transport infrastructure for 5 — 10 years [21]. The
main goals of this development are the following [22]:

- the formation of single transport space, i.e. the
creation of a transport system without "bottlenecks™,
which provides transport accessibility throughout the
territory;

- reduction of transport costs and cost of services due
to the development of the transport network, efficient
logistics with the use of optimal transport schemes and the
movement of freight flows;

- increase of transport mobility of the population;

- ensuring the safety of transport activities.

Note that transport infrastructure
characterized by the following [23]:

- significant impact on the socio-economic
development of the territory. Developed transport
infrastructure provides mobility of material and labour
resources, expands trade opportunities, makes the area
attractive for investment, housing and work;

- high capital consumption, especially of routes (road
and rail). Public-private partnership is usually used as a
tool for implementing or improving the quality of
individual projects;

- long terms of creation and operation. Infrastructure
projects have been developed and implemented sometimes
for decades. In many cases, selecting a project option,
examining it and agreeing with it, as well as making all
the necessary land decisions can take longer than building
the road,;

- the need to take into account a set of conflicting
public, public and private interests in the implementation
of infrastructure projects.

To date, sustainable development principles have
been formulated, which can be grouped into four
categories in relation to TIDPs (table 1) [24-27].

On the basis of the development program, specific
investment and business projects are developed [28]. In
assessing the feasibility and decision making of the
project structure, account should be taken of the
uncertainty associated with the scientific and technical
risk of road construction and modernization. The
multiplicity ~ of  factors and the different
degree of their influence in the implementation of
programs causes a variation in the ways to achieve the
goals of the program. As a result, there is a need to justify
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and select the "best" of some of the alternative (component projects) programs.

Table 1. Basic principles of sustainable development of transport infrastructure

Principle Essence

Direction of development

Social - promotion of socio-economic development of regions;

- ensuring the freedom of people's mobility and choice of
transport, taking into account a balanced tariff policy;

- coordination of planning of construction of transport
infrastructure objects with the general scheme of planning of
the territory of Ukraine, long-term plans of land resources use
and deployment of productive forces

- development of transport infrastructure and
modernization of rolling stock to ensure
increased mobility of the population and
accelerate the movement of freight flows

Economical - ensuring a favorable business environment for all
individuals and legal entities operating in the transport
services market;

- ensuring the advance development of transport
infrastructure;

- the need for antitrust policy;

- liberalization of pricing in potentially competitive markets
for transport services;

- attracting investment and encouraging private sector
involvement on the basis of fairness, transparency and
stability;

- transparency of regulation of the transport system;

- use of transport resources in accordance with market
demand

- ensuring the competitiveness and quality of
transport services for the economy; ensuring
accessibility and quality of transport services to
the population;

- integration into the European Union and
development of export of transport services

Financial - the concentration of financial resources on the basis of
determining priorities in accordance with the formulated goals
and requirements for the economic efficiency of their use;

- functioning of transport enterprises on the basis of self-
sufficiency;

- joint financing of transport infrastructure; financing
investment projects on the basis of income or revenue stream
from project implementation

- improving the efficiency of public
administration and developing a competitive
environment

Ecological - a priority of environmental safety requirements, mandatory
observance of environmental standards and standards in
transport activities;

- the prevention of environmental pollution and the negative
impact on human health due to the intensive development of
road transport;

- putting into effect the economic mechanism of nature
management and nature conservation activities;

- adoption and implementation of international legislation on
the transport of dangerous goods;

- promotion of priority development of energy-saving and
environmentally friendly modes of transport and intermodal
technologies

- increase of environmental friendliness, the
energy efficiency of transport processes and
safety of transportation of passengers and cargo

The problem is the choice between different projects - planning of the implementation of advanced
implemented at the expense of the budget. In this case, transportation technologies;
there is a need to choose between territories or settlements - planning of measures for improvement of

that will be serviced by new roads, and therefore receive  management, systems of planning and organization of
certain socio-economic benefits or have a number of traffic;

negative consequences - land alienation, environmental - plan for modernization and replacement of obsolete

pollution of the surrounding territories, etc. Selection of  transport warehouse.

infrastructure projects to be implemented is based on The programming documents defining the

strategic goals and main development priorities, development strategy may reflect the following main

bottlenecks of existing and potential projects. measures for the implementation of this strategy [30]:
Consider the essence of TIDP, which involves the - formation of scientific and technical department

implementation of a portfolio of innovative projects. and development of innovative potential in order to ensure
Planning for the development of transport infrastructure  the program's realization;

consists of a set of construction, technical, organizational, - technical re-equipment and modernization of

planning, economic and social measures [29]. In general, a  transport in carrying out a common scientific and

planned program consists of a number of units, such as: technological and technological policy to ensure the
- design, construction, development of new ways; implementation of the program;

- modernization and repair of existing roads;
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- improving the system and mechanism for managing
the development of transport infrastructure.

Thus, in the process of T development, it is assumed
not a single, one-time transformation, but a set, a complex
of changes. Development is a link to quality
transformations. The main content of development is
significant changes in functioning.

The structure and content of the TIDP can be
described as follows:

1) conceptual framework of the program-the section
reveals the methodological basis and methodological
techniques of strategic planning, organizational, economic
and social factors of development;

2) analytics-provides for the following tasks:

- the formulation of the mission, goals, objectives of
TI;

- analysis of internal and external environment;

- risk assessment of T1 development activities;

3) strategic directions and innovative projects-
section includes:

- list of strategic directions of development;

- target indicators for the achievement of the TI
development goals with an indication of the planned time
frame for their achievement and a breakdown by possible
scenarios;

- innovative project;

4) program implementation mechanism:

- information on financial and resource support of
the program;

- program implementation schedule;

- comprehensive assessment of TI potential.

On the one hand, the content of the development
program (goals, objectives, mechanisms) should be
assessed in terms of feasibility, but on the other hand,
these assessments (in the analytical section) should
already be taken into account in the development of the
program.

The methodology of transport infrastructure
development program management includes a set of
models and methods of intelligent program management,
including:

- forecasting and planning of development of
transport systems in conditions of incomplete certainty;

- management and implementation of innovative
renewal programs of logistics infrastructure;

- distributed intelligent management and effective
decision-making in the logistics of transportation;

- logistics management of cargo flows in integrated
heterogeneous transport systems (road, rail, air and other
modes of transport).

A reliable assessment of costs and profits on a
comparative basis for all infrastructure projects will avoid
inefficiencies and identify priority projects to align
investment costs with available investment resources.
Long-term traffic forecasts will help to identify priority
components of the transport strategy, develop plans and
make rational decisions. A comparative analysis of
projected traffic volumes by type of cargo and
infrastructure capacity will identify existing and possible
long-term bottlenecks.

Table 2 gives an overview of models and methods of
project management of transport infrastructure
development.

Table 2. Overview of models and methods of project management of transport infrastructure development

Stage Models

Methods

Strategic planning | defining the main strategies of TIDP

SWOT analysis

transport organization

models for assessing the level of competitiveness of a

probabilistic approach

models for determining the rating of transport security of

cluster analysis; utility theory

regions
Investment models of the project life cycle;
Planning a generalized model of discounting cash flows of investment projects
Innovations modelling of assessment of the level of innovative cluster analysis
Planning development of regions

vehicle upgrade model

Markov chains

Risk assessment probabilistic risk assessment models

models of investment project selection

linear and nonlinear programming;
heuristic methods of analysis of variants

Prediction of TIDP | multifactorial models

indicators

adaptive models

| precedent theory

Results of the studies and their discussion

1. Features of logistic transport system and
development management processes

The development of a logistics system in the
transport infrastructure means the following tasks are
solved:

1) creation (modernization) of logistical commodity
distribution centres in the main directions of transportation
and at the junctions, including the creation of

terminal-logistics centres at the intersection of major
highways, in railway junctions, in river ports, and in
general the formation of an integrated system of logistics
centres;

2) development and implementation of innovative
intelligent transport systems with the use of navigation
systems that ensure the quality of transport services.
Creation of unified information services of cooperation of
transport, logistic, forwarding, customs and other
controlling bodies;
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3) creation of a market of competitive complex
logistics services;

4) improving the legal basis for the development of
logistics. Implementation of information standards and
electronic document flow;

5) development of infrastructure of multimodal
logistics centres for container transportation;

6) creation of competitive transport corridors on the
basis of technically and technologically integrated
logistics infrastructure, as well as systems of coordination
of business processes in the supply chains.

The main elements of a logistic transport system
(LTS) are:

Production
services
(enterprises) P

Customers of
transportation
services R

- customers of transport services (R),

- production services (enterprises) (P),

- services involved in the movement of goods from
the place of production to the place of consumption (2),
which are divided into own services (Z') and third parties
M.

- consumer network (C).

All components are connected by direct and inverse
material flows and relations in the form of information
flows, i.e. graphically the supply chain can be represented
as a network S, whose vertices are elements (R, P, Z, C),
and links (i, j) between them correspond to material and
information flows (fig. 1).

Own
transportation
services Z'

Consumer
network C.

Third-party

transportation

organizations
P

Fig. 1. Presentation of LTS elements in the form of a bidirectional graph

Thus, such an LTS representation reflects each
individual transaction in cargo handling and delivery of
the final product, from suppliers producing materials to a
supplier of a particular enterprise, and ending with its
customers.

The development of LTS can only be ensured by the
joint activity of organizational elements of the system. For
this, the mechanisms of interaction between all elements
of the logistics chain should be taken into account. This
chain can be represented as a system consisting of a set of
ordered elements that perform certain functions and
relationships that are regulated according to the purpose of
obtaining and selling the required product or service. The
main problem of this system is the regulation and
coordination of processes and operations in the
interactions between the elements [31].

In the transport infrastructure, the dynamics and
uncertainty of the logistical process factors are important.
LTS is the basis of changes in transportation processes,
determines the diversity and complexity of the
infrastructure and requires management development.
LTS maintains correspondence between increasing market
demands and logistical infrastructure activities.

At a certain stage, the functioning of the LTS
increases its needs and thereby forms the goals of the
TIDP, determines the ways to achieve them. A passive
organizational and technical system must be considered as
active and purposeful, which must be developed. Thus,
LTS belonging to the class of organizational and technical
systems (OTYS) is a purposeful, artificial, active system.

The main properties of LTS are as follows:

- integrity — changing any element affects other
elements, resulting in a change in the structure and
properties of the system as a whole;

- integrative — the system has properties that are
missing from its elements. But elements can also have
properties that are not inherent in the system as a whole.

The current trend in OTS management is proactive
(warning) management. "Being proactive is about
anticipating events, initiating change, striving to hold the
fate of the organization in your hands" [32].

Proactive management uses methods of forecasting,
monitoring, planning, analysis, modelling of complex
dynamic systems and optimization of management
decisions [33].

Intelligent information technologies are used to make
managerial decisions, which can help predict OTS
behaviour. This requires the formation and analysis of
models for the development of situations, taking into
account both current and previously accumulated data.

Anticipation and prevention are the basic principles
of proactive problem management. While doing this, an
analysis of possible risks and errors, planning corrective
actions are necessary. In addition to the prediction,
proactive control is also used, the purpose of which is to
detect deviations from the current state of the LTS from
the predicted one. Management decisions are made based
on the results of proactive control aimed at preventing
adverse development of LTS.

The problem with managing the development of the
system is to translate the object from some current state to
desired. That is, the necessary conditions for development
management are:
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- determining the quantitative and qualitative
composition of the characteristics of the state space in
which management is implemented;

- determination of the current and task of the desired
state of the control object in this space;

- formation of managerial influence.

Thus, one of the tasks to be solved in the
management of LTS development is to identify the state
space and to implement methods for identifying their
characteristics.

A system of indicators characterizing the status of
LTS subsystems and their interconnections is needed.
Indicators of Sustainable Development were developed by
the Commission for Sustainable Development [34]. There
is a system for evaluating organizational and technical
systems using a stable functioning index, which is
calculated as the sum of indices for three dimensions:
economic, technological and social with appropriate
weighting factors [35].

A specific list of indicators should be developed for
the LTS to reflect the peculiarities of its functioning. This
list is the basis for a comparative assessment of options in
the strategic decision-making process for system
development. The complex structure of LTS indicators
makes it possible to use a flexible, adaptive model for
their evaluation.

There is a challenge to manage the decisions that are
made at different levels of coordination in order to be able
to optimize the management of the system as a whole.
Consider the following types of matching problems when
determining the acceptable parameter level:

1) integrated matching — the development program
specifies the planned coefficient K for a specific time
period T and possible standards for resources R. So, we
have:

I[R(t)-R Jt<kK; (1)

0

2) deterministic matching — a requirement for
equality is set in each time interval:

E(t)=K )

for the matched parameter E;
3) the range matching is determined by the belonging
of the agreed parameter K to the specified range:

. 3)
LTS

K(t) €[Kins Ko

2. Formalized presentation of the
development process

In terms of the LTS system approach, the system is a
complex organizational and technical system and has the
following features [37]:

1) complexity — the presence in the LTS of
heterogeneous elements that provide the required diversity
of system elements, determined by the conditions of
formation;

2) dynamic — the ability of LTS elements to interact,
as well as the implementation of interaction outside the
system;

3) structural, integrity [36].
We define LTS as a system S that includes a set of

system invariants {S } that determine the properties of
the system. System invariants can be obtained from the
initial state of the system S by the set of operators {P,},
that is:

1 F:.SO’
2= PZSO; (4)
Sn = PnSO

Denote these system properties of LTS as follows:
- complexity (S, );

- dynamic (S, );

- structural (S,).

In this case, the complexity is ensured by the variety
of entities that create the system (logistics centres,
vehicles, management organizations, etc.):

S1=P1So ={a1*a2"“'an}’ (5)

where S, is the property of complexity; P, — operation of
transfer and numbering; S, is the original representation of
the LTS to which the operation P, is applied; a, (i =1,_n)

— groups of elements, varied in content.
The dynamic property reflects the processes of
interaction between the elements:

S,=RS, ={Y1n}’ (6)

where S, is the dynamic realized through transport and
information interaction between system elements;

P, — identifying communication channels and their

characteristics (e.g., trunk line or information channel);
S, — initial LTS, which is considered from the point of
view of interaction; Y, (i=1n, j=1n) - characteristic of
interaction between the i-th and the j-th elements.
We define the structural property:
S;=RS,, (7

where S, is the structure shown in the graph of the
relationship of the elements of the LTS; P, is the operator
of determining the relationships of a graph; S, — LTS,

which is considered at a certain point in time from the
standpoint of structure formation.

Therefore, system S is determined by the sequence
of operations:

{R}=PPPR. ®)
Given (4) we obtain:
S= (P150)(P280)(P350) : (9)

Based on the proposed graph analytic representation
of the LTS model, it is possible to analyze its structure.
Consider the uncertainty property of the LTS graph
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analytic model, which we will call the uncertainty of
system implementation. Let uncertainty be determined by
characteristic A, which is measured on a continuous scale
from 0 to 1 and changes with time. The time scale reflects
the process of changing the system that corresponds to the
dynamic property. For example, if the system model does

A A

Ao

not display any of its properties, then the estimate A =0, if
the system with sufficient certainty reflects half of its
properties, then the estimate A = 0.5, and if the system is
fully displayed, then A = 1. In Fig. 2 levels

A = {0,1; 0.9; 1} are selected. Horizontally we set aside
time t.

Fig. 2. Changing uncertainties with the evolution of the system

Consider the individual phases of changing the
uncertainty of system implementation.

The first phase: At, =(t,—t,) — conditional start (t,)
and end (t,) of the process of formation (development) of

the system, which is determined by levels A and A,,

which are close to the lower and upper thresholds of the
uncertainty of system implementation. The source of
uncertainty is the process of development itself, that is, at
this stage the same element of the system can be displayed
in different variants. Note that the level A, =1, which can
theoretically be achieved in an infinitely long time,
corresponds to the state of complete determination of the
model of the system obtained in the process of system
implementation.

The second phase: At,=(t,—t,) — stationary
existence of the formed system.

The third phase: At, =(t,—t,)-
(decay, disintegration) of the system.

The pre-system state (t <t,) reflects the properties of
the system environment S, .

The post-system state (t> t,) reflects the properties
of S, after the complete destruction of the system.

The LTS, which is considered in terms of system
approach, can be reflected by a set of its individual models
(system representations), which can be written in the
form:

the destruction

. t
A=lim ¥ {S"},
f']:(?;ﬂst

(10)

where 4 — system (object) that is displayed; S!"” — a system
model of object A at time t; n — the number of invariants in
the system model.

The dynamic system can be defined in a discrete or
continuous view. Since the planning of the development
program is carried out for a specific period, and the
change of the development indicators occurs at discrete
(control) moments of time, it is more appropriate for the
LTS to discrete view of the process of its development.

We will use a matrix method for describing LTS
based on the use of hypercomplex matrices [37]. Let us
write a hypercomplex matrix for the simplest system
shown in fig. 3, where A and A, are elements of the
system and y,, and y,, are the interactions between these

elements.

y12

y21

Fig. 3. The simplest connected system

We obtain a matrix of the structure of the system S:

ISI{ AlYs }
Yal A
on the main diagonal of which elements reflecting the
presence and properties of the elements of the system S:

a, =A0), (12)

where a, — a diagonal element of the matrix standing at
the intersection of the n-th column and the n-th row;
A (S) — n-th element of the system S.

(11)
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To the left and to the right of the main diagonal are d(S(t))

elements of the matrix, which reflect the interaction Tdt <0. (17)

between the elements of the system and are determined by

the rule: Analyzing the hypercomplex matrix of the system

under study, it is possible to construct the system

B = Yo (S), =M, (13)  implementation process curve corresponding to this

where a_, — the element of the matrix that stands at the system.

!ntersec_tion of the n-th row and_ the m-th column; ynm — Conclusions

interaction of the element An with the element A, of the

system S in the direction from A to A . In the article, the basic principles of sustainable

The order of the matrix is determined by the number development of transport infrastructure are analyzed and
of elements and hierarchical levels of system S. In this  the description of the mathematical apparatus of formation

case, the order of the matrix N = 2. and research of projects of development of transport
In dynamic LTS, the elements of the matrix Y infrastructure is given. The targeted aspects of the
depend on time, reflecting the development process: transport  infrastructure  development program  are
considered. On this basis, a systematic representation of a

[An =AM, Yo = Y(O)] =S =5(1). (14)  logistic transport system containing a set of system

. . ) invariants defining its properties was proposed. A method
According to the steps of uncertainty change (Fig. 2), o describing the structure of LTS based on the use of
we write down the conditions under which the matrix Y hypercomplex matrices, which allows taking into account

will reflect the main phases of the development process: interactions between elements of the system. In dynamic
- Phase of development LTS, elements of a hypercomplex matrix depend on time,
d(S(t)) which reflects the main phases of the development

=>0. (15)  process.

dt The scientific novelty of the article is a generalized

Differentiation is performed by all system invariants; ~ formalized representation of LTS that can be used to
- steady-state mode is defined as follows: analyze and optimize its structure. Of practical importance
is the ability to form transport infrastructure within the

dS®) _,, (16) development program by using a graphical analytical

dt ' representation of the LTS, which reflects the elements and

. . information and material links between them.
- the decay phase is defined as follows:
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HIJIbOBI TA CHCTEMHI ACHEKTH IIPOT'PAMHU PO3BUTKY TPAHCIHOPTHOI
IHOPACTPYKTYPU

IIpeqMeToM OCHIKEHHS B CTAaTTi € MPOTPaMH Ta MPOEKTH PO3BUTKY TPAHCHOPTHOI iHGPACTPYKTYypH 3 BUIUICHHSIM JIOTiCTHYHOI
cucremu. Mera — po3po0Ka CHCTEMHOTO YSBIICHHS MPOILECY PO3BHUTKY JIOTICTUYHOI TPAHCIOPTHOI CUCTEMH 3 ypaxXyBaHHIM LijeH
MporpaMd PO3BUTKY TPAHCIOPTHOI iH(pacTpykTypu. B crarTi BHpilleHi HACTYIHI 3aBJaHHS. CHCTEMAaTH3allisl Liled Ta 3aBOaHb
MIPOTPaMU PO3BHUTKY TPAHCIIOPTHOI iHPPACTPYKTYpH, MPOBEACHHS aHai3y OCOOIMBOCTEH JIOTICTUYHOI TPAHCIOPTHOI CHCTEMH Ta
MPOLIECiB YIPaBIiHHA ii PO3BUTKOM, po3poOKa y3arajgbHEeHOro (HOpPMalli3oBaHOTO MOJAHHS JIOTiCTUYHOI TPAHCHOPTHOI CHCTEMHU Ta
nponecy ii po3BUTKYy. [ BUpIMIEHHS BKa3aHWX 3aBJaHb BHKOPHCTOBYIOTHCS METONM CHCTEMHOTO aHai3y, TEeOpis MHOXXHH,
rinepkoMIUIeKCHUX Martpunb. OTpuMaHi Taki pe3yabTaTH. [IpoaHani3oBaHi NPHHIMIHN CTIHKOTO pPO3BUTKY TPAaHCIOPTHOI
indpacTpykTypu. B crarTi 3anpornoHoBaHa cucTeMaru3alis minei Ta 3aBgaHb NporpaMy PO3BHTKY TPAHCIIOPTHOI iH(pacTpyKTypH Ta
BUJIUICHI OCHOBHI NPHHIMOM II CTIHKOTO PO3BUTKY. PO3IIsIHYTO 3aBHaHHA PO3BHUTKY JIOTICTHYHOI CHCTEMH B TPAHCIIOPTHIH
iHppacTpyKTypi KpaiHu. 3alpONOHOBAHO TOJAHHSI JOTICTUYHOI TPAHCIOPTHOI CHCTEMH y BHI rpada, e BepIIHHAMY € 11 elIeMEHTH, a
3B’s3KaMu € iHQopMaliifHi W MarepianbHi MOTOKH. [IpH BH3HAYEHHI MPUITYCTUMOTO DIBHS MapaMeTpa PO3BHTKY JOTICTUYHOL
TPAHCHOPTHOI CHCTEMU BHHHUKAIOTh TaKi BHAW 33Ja4 Y3TODKCHHS NPH MPUHHATTI YHOPABIIHCHKUX pillleHb, SK IHTErpajibHE,
JIeTepMiHOBaHEe Ta Iiama3oHHe. Y (opMani30BaHOMY BHJI JIOTiICTUYHA TPAHCIIOPTHA CHUCTEMa IIOAAETHCSA SIK HAOlp CHUCTEMHHX
iHBapiaHT, sKi BU3HAYAIOTH ii BIACTHBOCTI: KOMIUIEKCHOCTI, TUHAMIYHOCTI W CTpYKTypHOCTi. BusHaueni Tpu ¢asu 3miHEHHsS
HEBH3HAYEHOCTI 3 ypaxXyBaHHSIM PO3BHUTKY cUCTeMH. [ imepKOMITIEKCHA MATPHL CUCTEMH I03BOJISIE BU3HAYUTH 11 €JIeMEHTH i 3B’S13KU
MDK HUMH. BHCHOBKH: TpoBeneHNi aHai3 MpeAMeTy JOCITiPKEHHs I0Ka3aB, 10 3aIMIIAIOTECS HEBUPIIICHUMH ITIMTAaHHS, ITOB’sI3aHi 3
BHOOPOM CHCTEMHOI KOHLEMI] i METOJOJIOTIYHOTO IHCTPYMEHTapito a1 (OpMyBaHHS PO3IOIIIEHOI JIOTiCTHYHOI iH(pacTpyKTypH,
BUAUICHI TpoOJiieMH TpaHCHOPTHOI iHPpacTpykTypu Ykpainu. Ha OCHOBI 3ampomoHOBaHOTO TpadoaHaTITUIHOTO TIOJAHHS
JIOTICTUYHOI TPAHCIIOPTHOI CHCTEMH MOYKHA MIPOBOIUTH aHANI3 ii CTPYKTYpH.

KurouoBi ciioBa: TpaHcnmopTHa iHQpacTpyKTypa; CTIMKHH DPO3BUTOK; JIOTICTHYHA CHCTEMa; TIMEPKOMIUICKCHA MAaTPHIS;
CHCTEMHE TIO/IaHHS; (ha3h PO3BUTKY.

HEJIEBBIE U CUCTEMHBIE ACIIEKTbBI IIPOI'PAMMBI PA3BUTUSA
TPAHCHOPTHOM MH®PACTPYKTYPHI

IIpeavMeToM nccienoBaHHs B CTaThe SIBISAIOTCS MPOTPAMMBI U IPOEKTHI Pa3BUTHS TPAHCIIOPTHOH MH(PACTPYKTYPHI C BBIIEICHHEM
nmorucThuueckoii cucremsl. Llesqib — pa3paboTka CHCTEMHOTO MpEACTAaBICHUS Tpoliecca pPa3BUTHS JIOTHCTHYECKON TPAaHCIIOPTHOM
CHCTEMBl C YYeTOM Iieleil mporpaMMmbl Pa3BUTHS TPAaHCHOPTHOH HHQPAcTpyKTypbl. B cTaThe pelieHBl cieayonye 3aJiaduu:
cUcTeMaTu3anus Ieneil W 3aJad MporpaMMbl Pa3BUTHS TPAHCHOPTHOW HMH(PACTPYKTYPHI, aHAIM3 OCOOEHHOCTEH JIOTMCTHYECKOMN
TPAHCIIOPTHOW CHCTEMBI U IPOLECCOB YNPAaBICHUS € Pa3BUTHEM, pa3paboTka 0000IIEHHOTo (OpMaTM30BaHHOTO IMPE/ICTABICHUS
JIOTHCTHYECKON TPAaHCIOPTHOM cUCTeMBl M mpouecca ee pa3BuTus. JlIs pelleHHs YKa3aHHBIX 3a]lad MCHOJb3YIOTCS METOMAbI
CHCTEMHOTO aHajlM3a, TEOPHsS MHOXKECTB, THIIEPKOMIUIEKCHBIX Marpull. [lomydeHs! ciexyromue pe3yabTaThl. [IpoaHamm3upoBaHb!
MPUHIUIB] YCTOHYUBOTO Pa3BHTHA TPAHCHOPTHOM WH(PACTPYKTYpsl. B cTaThe mpemnolkeHa CHCTEMATH3als Heled W 3agad
MIPOTPaMMBI Pa3BUTHS TPAHCIIOPTHOH MH(PPACTPYKTYPHI U BBIACICHBI OCHOBHBIE MPHHITHITEI €€ yCTOIYMBOTO pa3BUTHs. PaccMOTpeHsI
3a7a4M Pa3BUTHUS JIOTUCTUUECKOH CHCTEMBI B TPAHCTIOPTHOH MH(MPACTpyKType CTpaHsbl. IIpeoxkeHo mpencTapiIeHHe JOTHCTHIECKOH
TPaHCIOPTHOH cucTeMbl B BHAe Tpada, Ie BepIIMHAMHU SIBISIFOTCS €€ JJIEMEHTBI, a CBS3SIMU SIBISIFOTCS WH(OpPMAIMOHHBIE U
MaTepHanbHble MOTOKU. Ilpu ompeneneHuH AOMYCTHMOIrO YpOBHs MapaMeTPOB Pa3BUTHS JIOTUCTHYECKOH TPAaHCIOPTHOM CHCTEMBbI
BO3HMKAIOT TaKKe BHUJIbI 33]1a4 COTIACOBAaHMs YIIPABICHUECKUX PEIICHUH, KaK HHTErpaJlbHOE, IeTEpPMUHUPOBAHHOE U AMana3oHHoe. B
(opManM30BaHHOM BHJIE JIOTMCTHYECKas TPAHCIOPTHAas CHUCTEMa IPEICTaBIsIeTcss Kak HaOOp CHCTEMHBIX HWHBApPHAHT, KOTOpHIE
ONpPENENSIOT €€ CBOWCTBA: KOMIUIEKCHOCTH, JMHAMHYHOCTH M CTpyKTypHOocTH. OrmpeneneHbl Tpu (a3l HM3MEHEHHUs
HEOTIPEIETIEHHOCTH B MPOIECCe PA3BUTHUS CHCTEMBI. | MITEpKOMIUIEKCHBIE MAaTPHUIIA CUCTEMBI TTO3BOJISIET ONPEIEIHTh €€ 3JIEMEHTHI U
CBSI3M MEXKAy HHUMH. BBIBOABI: TIPOBEICHHBIM aHaIM3 O0BEKTa MCCIEAOBAHMS MOKa3al, YTO OCTAIOTCS HEPENIEHHBIMH BOIIPOCEHL,
CBSI3aHHBIE C BBIOOPOM CHCTEMHOH KOHIENIMH M METOMOJOTMYECKOTO WHCTPYMEHTapus sl (HOPMHUPOBAHUS pacIpeeNeHHOi
JIOTUCTUYECKOW MH(PACTPYKTYPHI, BHIIAEIEHB MPOOIEeMBl TPAaHCHOPTHOH MHOPACcTPyKTYphl YKpawHbl. Ha ocHOBE MpeIo:KeHHOTOo
rpa)0aHaTNTHYECKOTO MPEICTABICHHUE JIOTHCTUYECKOM TPAHCIIOPTHON CUCTEMBI MOYKHO MTPOBOIUTH aHAIN3 €€ CTPYKTYPBIL.

KiroueBble ciioBa: TpaHCIOpPTHAs HHQPACTPYKTypa; YCTOMYHMBOE pPa3BUTHE; JIOTMCTHYECKAas CHUCTEMA; THUIEPKOMIUICKCHBIE
MaTpHIla CUCTEMHOE pe/icTaBieHne; (a3bl pa3BUTHSL.
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