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Karpenko H.Y. Directions of regional transport infrastructure development. The article presents
the author’s vision of theoretical and methodological approaches to the assessment of transport infrastructure
in terms of their impact on the development of regions. The scientific-theoretical and applied aspects of solving
the problems of regional development taking into account the infrastructure component are analysed and
summarized. The acutest problems are highlighted and the author’s approach to their solution is suggested.
The application of the criterion of transport accessibility for determining the effectiveness of using the transport
infrastructure of the region is justified. A methodological tool for assessing the level of transport accessibility
of the region is offered.
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Kapnenko I.}O. Hanpsimku po3BUTKY perioHajibHOI TpaHCcNOPTHOI iHGpacTpykTypH. B crarti npen-
CTaBJICHO aBTOPChKe Oa4eHHs TECOPETUUHUX Ta METOIMYHHX ITiJIXOJIiB JIO OIIHKY TPAHCIIOPTHOT iIHPPACTPYKTYpH
3 TOYKHU 30py iX BIUIMBY Ha PO3BUTOK perioHiB. IIpoanani3zoBaHi Ta y3arajibHEHI HAyKOBO-TCOPETHUYHI Ta
MPUKIIAJIHI aCTIEKTH BUPIMICHHS MPOOJIEM PO3BUTKY PETiOHIB 3 ypaxyBaHHSIM iHPPACTPYKTYPHOT CKIIaJ0BOI.
Bimokpemsneni HaiOuLIbIm rocTpi mpoOieMH Ta 3alpolOHOBAHO ABTOPCHKUM MIAXiA M0 X BHUPIMICHHS.
OOrpyHTOBaHO BUKOPUCTAHHS KPUTEPIIO TPAHCIIOPTHOI TOCTYMHOCTI JIJIsl BU3HAYEHHS PE3yIbTaTUBHOCTI BH-
KOPHCTaHHS TPaHCIIOPTHOT 1HQPACTPYKTYpH perioHy. 3alpOIIOHOBAHO METOIUYHUI IHCTPYMEHTApPii OLIHKA
PiBHS TPAHCIIOPTHOI TOCTYITHOCTI PETIOHY.

KurouoBi ciioBa: perioHanbHUI PO3BUTOK, TPAHCIIOPTHA 1H(PaACTPYyKTypa, TPAaHCIIOPTHA JIOCTYIHICTb.

Kapnenko I.1O. HampasieHnnss pa3sBUTHS PerdHoHAIbHON TPAHCIOPTHOH WHQPACTPYKTYPBI.
B crarbe npencraBieHo aBTOPCKOE BUJEHUE TEOPETUUECKUX M METOANYECKUX MOAXOA0B K OIIEHKE TPAHCIIOPT-
HOW MH(PACTPYKTYPHI C TOUKH 3PEHUS UX BIMSHUS HA pa3BUTHE PErHOHOB. [Ipoananu3upoBaHbl 1 0000ILIECHBI
HAyYHO-TEOPETHYECKUE M MPHUKIIAAHBIC ACTEKThl PEIICHHUs MPOOJIEeM Pa3BUTUSI PETHOHOB C y4eTOM HH(pa-
CTPYKTYPHOM cocTaBisitouield. Boinenensl Haubonee octpbie NpoOieMbl U IPEUIOKEH aBTOPCKHUIA MTOIXOA K UX
pemeano. OG0CHOBaHO NPUMEHEHHE KPUTEPHS TPAHCIOPTHON TOCTYITHOCTH ISl ONIPEAEIICHUS Pe3yIbTaTHB-
HOCTH HCIIONIb30BaHMsI TPAHCHOPTHON HH(PACTPYKTypbl pernoHa. [Ipeayioxken MeToquuecKuil HTHCTpyMEeHTa-
puil OLIEHKU YPOBHS TPAHCIOPTHOM TOCTYITHOCTH PETHOHA.

KiroueBble cjioBa: pernoHaIbHOE Pa3BUTHE, TPAHCIIOPTHASI MHPPACTPYKTYpa, TPAHCTIOPTHASI JOCTYITHOCTb.

Formulation of the problem. In modern conditions,
one of the key factors in the development of regions is
an effectively functioning infrastructure, which is an ele-
ment of their livelihoods and that ultimately determines
the quality of life of the population. Current trends of
development indicate that the production of goods needed
by society for conducting various activities requires
a constant increase in the efficiency of the infrastructure
complex transport and is the most important element of
the infrastructure, therefore, the key direction of increas-
ing the efficiency of social production is the formation
of transport infrastructure that promotes the development
of regions through the provision of high-quality transport
services to ensure connectivity of space. The practice of

recent years has shown that regions with higher transport
access to material, natural resources and markets tend
to have a higher level of development, now in regions,
a balanced development of all available modes of trans-
port is provided only in limited cases. However, new
modern challenges, when investment resources become
less accessible, and the cost of other resources is rather
unstable, the problems of regional development depend
crucially on activating the potential of all modes of
transport on the principles of realizing their competitive
advantages and multimodality.

Analysis of recent research and publications.
When studying the problems of regional management, the
tasks of forming and developing the transport infrastruc-
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ture, there are scientific and applied results of the work of
such scientists as Vlasyuk O. (1), Hudyma R. (2), Emely-
anova O. (3), Kitchenko V. (4), Kondratiev V. (5) Kopyt-
ko V. (6), Kuznetsova A. (7), Preyger D., Sobkevich A.
(8), Sokolova O. (9), Shyba O. (10) and many others.
The existence of such a large number of studies only con-
firms the complexity, the relevance of solving problems
related to the functioning and development of transport
infrastructure, its relevance to the work of all sectors of
the national economy, an important condition for improv-
ing the quality of life of the population. Nevertheless, given
the capital-intensive nature of the transport infrastructure,
research in this subject area is focused primarily on the use
of extensive development factors. A number of theoreti-
cal and applied issues of socio-economic development of
regions based on the activation of transport infrastructure
factors and the subsequent receipt of sectoral and non-sec-
toral effects have not yet been fully resolved.

Identification of unsolved earlier parts of
a common problem. The success of the functioning of
regional socio-economic systems largely depends on
certain conditions that ensure the possibility of effec-
tive development of material production and social life
[2; 11]. A key role in the formation of such conditions
is played by the regional infrastructure tied to the ser-
vice of a certain territory and, therefore, located in close
interconnection with it. On the one hand, the realiza-
tion of the region’s economic potential imposes certain
requirements on the functioning infrastructure; on the
other hand, the opportunities provided by the infrastruc-
ture lead to an adjustment of priorities and directions
for further socio-economic development of the region.
Therefore, issues of harmonious regional development
in one way or another affect the need for the develop-
ment of regional infrastructure.

One of the most important elements of the overall
infrastructure of the region is the transport infrastructure
[10; 12; 13]. There are a number of approaches to its
definition, the position of the authors of which is related
to the profile of their scientific interests at the present
time. For example, in economic theory, the international
transport system is an essential element of the global
infrastructure. In the national economy, the country’s
transport infrastructure includes the rolling stock and
the ways of communicating the territories. In the
regional economy, transport is referred to complemen-
tary infrastructure industries in the region [9; 14].

In turn, normative documents are dominated by
the approach within the industry. In our opinion, when
considering the organizational and economic factors of
territorial development, one should not confine ourselves
to a purely sectoral approach to the content of the trans-
port infrastructure, not taking into account the fact that
transport contributes to the organization of the economic
space, providing a spatial division of labour and the con-
tinuity of the reproductive processes, as well as the possi-
bility of obtaining a multiplicative effect due to complex
interdependence of various sectors of the economy.

We propose to consider the transport infrastructure
as a subsystem of the regional economic system that
establishes institutional links and provides transport
services to both the regional economy and the popula-
tion. In connection with this, the purpose of this article
is to formulate theoretical provisions on the factors and
directions for the development of the regional transport
infrastructure in the current context.

Exposition of the main material of the study.
The creation of a system of measures for the organizational
and economic development of the transport infrastructure
cannot be limited to the possible use of transport accessi-
bility indicators, since in any case it is difficult to cover
the existing set of factors that have a significant impact on
the functioning of the territorial transport system of regions
in connection with their economic development. An exam-
ple of the ambiguous relationship between the level of
transport accessibility and the economic development of
territories can be the results of the study presented in [15],
where three types of areas of Western Europe are identi-
fied: One of the key problems remaining in the focus of
theory and practice of economic development of territories
is an effective organization economic space.

In the process of adopting complex integrated solu-
tions, which include planning for the development
of transport infrastructure, it is necessary to take into
account numerous and often contradictory factors.
At the same time, heuristic methods can be used, based
on expert intuitive-logical conclusions and methods of
finding a solution by using mathematical procedures
[16; 17; 18; 19]. An important characteristic of the first
group of methods is the possibility of intuitively eval-
uating those factors that are difficult and sometimes
impossible to describe with the help of exact depend-
encies. The second group of methods, called optimiza-
tion, is focused on choosing the best alternative from all
the conditions of the problem.

At the same time, most often the issues of planning
the transport infrastructure were considered in the con-
text of the overall development of one or a group of eco-
nomic regions. This approach is valid in a methodical
sense but, in this case, the size of tasks turned out to be
very significant, which led to the need for the practical
implementation of them to the decomposition of models
and, as a consequence, shifting the emphasis to produc-
tion factors to the detriment of infrastructure.

Since the task of transport development of the terri-
tory is an example of optimization of complex systems,
it is proposed to use three targets (criteria):

1. Minimizing the costs of transport communi-
cations, transportation of goods and passengers in
the region (cost criterion):

Zid Zj(:l Clj * Zn(N ZZ(Z Rzn* an - min. (1)
2. Minimizing the delivery of cargo and passengers

(time criterion):

ZidesZH * an - min’ (2)
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3. Maximization of the quality parameters of
the freight and passenger transportation process (crite-
rion of quality of transport services):

Zn(NZZFZan* an — max. (3)

where i — transport communication type index
(taking into account the infrastructure), 7 is /, where / —
a set of indices i;

j — a sign of the state of transport communication,
jis J, where J — a set of indices J;

z — vehicle type index (rolling stock), z is Z, where
Z — a set of indices z;

n — vehicle condition indicator, n is N, where N —
a set of indices n;

X; — length of transport communications i-th type
of transport, relating to the j-th sign of their condition,
km (units);

Yzn — number of vehicles z-th type, relating to
the n-th sign of their condition, units;

C, — annual maintenance cost (costs) units of trans-
port communication i-th type, relating to the j-th sign of
their condition, UAH;

R, — annual transportation costs (transportation
costs), per unit of rolling stock z-th type, relating to
the n-th sign of their condition, UAH;

H_, — the urgency of the delivery of goods and pas-
sengers z-th type of transport, relating to the n-th —
a sign of its condition (reflects the relative speed of
movement of cargo through the transport network);

B_, — grade assessment of the quality of delivery of
goods and passengers z-th type of the transport, relating
to the n-th — a sign of its condition, points (is determined
by an expert method).

With the introduction of the above symbols, the fol-
lowing interpretation was adopted.

The type of transport communication is understood
as an element of the transport infrastructure of the fol-
lowing modes of transport: automobile, railway, water,
air, pipeline. Examples of types of transport communi-
cation can be considered:

- for road transport: unpaved highways, paved roads
and highways in conjunction with road infrastructure

- for railway transport: public railway lines, high-
speed railways, including relevant infrastructure;

- for water transport: sea and river routes, canals, flood-
gates, and other infrastructure facilities for water work;

- for air transport: air corridors and ground infra-
structure for this mode of transport;

- for pipeline transport: oil pipelines, gas pipelines,
including relevant infrastructure.

The state of transport communication is understood
as its ability to perform its main function, either without
additional financial investments (only funds are required
to maintain the operability of the facilities), or with
the financing of modernization and/or technical reconstruc-
tion, or the need to build a new transport route (section).

When calculating the length of transport communi-
cations, the following is accepted as a unit of measure:

for road transport — 1 km of one lane of the road; for rail-
way transport — 1 km of single-track railway; for water
transport— 1 km of waterway provided with navigable con-
ditions and dimensions for safe navigation of traditionally
used transport vessels; for air transport — 1 km of the flight
strip; for pipeline transport — 1 km of pipeline line.

The value of the maintenance of the unit of transport
communication includes:

- directly annual expenses to maintain the communi-
cation routes;

- the costs of ensuring the operation of the relevant
infrastructure facilities (transport facilities, parking
spaces, washing, security lanes, etc.).

The annual transportation costs per unit of rolling
stock are calculated taking into account the initial and
final operations and operations in the way (loading
(landing), unloading (disembarking), shipping, pause,
processing of documents, etc.).

A specific variant of the organization of the trans-
portation process is multimodal transport when two or
more types of transport are included in the transport
process. In this case, when forming the parameters of
theproblemtobesolved(costs, terms, quality oftransport),
they should be defined as a whole on a specific line
as a final rating for all modes of transport involved.
At the same time, if the costs and time are amenable to
simple summation within the framework of the design
matrix, then the quality of the transport service as
a whole on the line (B,) can be determined by the formula:

Bl = ZZFZ] Zn(Nan* (Zz / ZZFZ] Z‘z)’ (4)

where B, — grade assessment of the quality of deliv-
ery of goods and passengers z types of transport, related
to n-th sign of their condition, and included in /-th
modal line; z is Z,, where Z, is the subset of z indices
corresponding to the inclusion of the transport modes
reflecting them into the 1 th modal line,

¢ —the time spent by z-th mode of transport for trans-
portation in /-th module line, day.

As constraints (conditions for the achievement of
optima), the following:

1. The volume of transported goods and passengers
in a certain territory, both on departure and on arrival,
must be in a range that ensures the demand of the popu-
lation and the business community for the work of trans-
port (for example, on the basis of interbranch regional
balance); It is possible to differentiate the volumes of
transportation both by mode of transport and by certain
types of vehicles.

2. The number of units by type of rolling stock in
the territory should be in the interval corresponding to
its effective operation, provided that there are reasona-
ble reserves, which allow minimizing the waiting time
for both the delivery of goods and passengers and their
arrival; In excess of vehicles, transport units should be
transferred to areas that are experiencing a deficit, and
in case of inadequate own transport, use unused rolling
stock from other areas or justify orders for its production.
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3. The amount of investment in modernization,
construction of new, repair and operation of transport
communications should not exceed the possibility of
the territory at the expense of all sources of financing;
while private restrictions on the size of investments by
modes of transport and on certain types of transport
communications are possible, especially in the frame-
work of large projects included in targeted programs at
the federal or regional levels.

4. Investments in rolling stock by types of transport,
types of vehicles should correspond to the resource
capabilities of transport enterprises; these investments
can be differentiated in the areas of renewal of rolling
stock: modernization, capital repair, the acquisition of
a new rolling stock.

The presence of three target benchmarks leads to
the need to solve a multicriteria problem. Problems
of this type are solved using a number of specific
approaches, one of which is the threshold optimization
method [20]. In comparison with other possible meth-
ods (Pareto optimality determination, supercritical allo-
cation), this method has the possibility of simultaneous
use of different sizes in the conditions of both current
and prospective planning and management.

The method consists of the following main steps:

- a solution of optimization problems separately
for each of the selected criteria with the detection of
extreme levels of the values of the criteria;

- the establishment of threshold values of criteria
with the help of experts;

- the introduction of additional constraints with
threshold values into the condition of the problem with
respect to a number of criteria with the subsequent solu-
tion of the problem on a criterion free from constraints.
The results of the modelling determine the framework
conditions for the development of the transport infra-
structure in the region. The final decisions on infrastruc-
ture development form regional and interregional pro-
jects.

The specificity of transport projects is their social
nature, as they are usually implemented in full or in
part at the expense of budgetary sources of financing.
The analysis of the world experience in the evalua-
tion of transport projects in the case of the countries of
the EU, North America, Japan, Australia, New Zealand,
South Africa and a number of international organiza-
tions [21] made it possible to make a fundamentally
important conclusion that the effectiveness of such pro-
jects is not primarily considered purely commercial,
but from a public position.

The reason for the spread of this approach is that
the approach to assessing the effectiveness of transport
has now changed. If earlier indicators were used as
a basis for the volume of transport work (mileage of
the rolling stock, the given location-kilometres, etc.), now
the leading places are those related to meeting the needs
for transport services: the time of the trip, the speed of
delivery, number of points to be connected by routes, etc.

It is advisable to closely link the strategy of transport
infrastructure development with optimizing the costs
of maintaining the required level of transport acces-
sibility. Taking into account the foregoing, the author
proposes to use the resulting indicator when decid-
ing on the development of transport systems and their
corresponding transport infrastructures — the ratio of
the growth factor of transport accessibility indicators to
the investment growth ratio:

S=—1, )

where § — estimated value of project decisions;

K, — the resulting growth factor of transport accessi-
bility indicators;

K, — coefficient of investment growth.

The resulting growth rate of transport accessibility
indicators can be determined by the formula:

K
K, =1 6
E (©)
where K, — the resulting coefficient of growth in
the indicators of transport accessibility of direct influ-
ence (in our case: the carrying capacity of the transport
system per day, the number of flights of the rolling stock
taking into account the possible dispatch of passengers
during the day, the number of settlements covered by
the route, the level of comfort);

K,, — the resulting growth factor of transport acces-
sibility indicators of the reverse effect (in our case:
the fare, the average travel time).

It should be noted that the study did not address
the issue of distributing traffic across the network,
taking into account the patterns of user behaviour.
And the preferences of individual client groups regard-
ing the use of certain types of transport can influence
the adoption of investment decisions, especially with
regard to passenger transportation. It is obvious that in
transport projects, the preferences of transport market
subjects can also be taken into account as indicators of
transport accessibility by analogy with the parameters
presented above.

Conclusions. As a result of the analysis of the cur-
rently available indicators of transport accessibility,
it is revealed that in the majority of cases they assess
the state of the transport infrastructure, not allowing
assessing the degree of its use. Therefore, a new com-
plex indicator of the transport accessibility of the ter-
ritory is proposed, the level of which has a close rela-
tionship with GRP levels and the number of employed
population.

Since the final decisions on the development of
the transport infrastructure as a part of the territorial
transportation systems are determined in the develop-
ment of relevant regional projects, a method is devel-
oped for calculating the socio-economic efficiency of
such projects by comparing the growth rates of transport
accessibility parameters and investment growth rates.

N
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