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MODELING OF TERRITORIAL DIFFERENTIATION BY TRANSPORT
INFRASTRUCTURE LEVEL OF DEVELOPMENT

Cherednichenko Kostiantyn, Miroshnikova Julia. «<Modeling of territorial differentiation by
transport infrastructure level of development». The research paper presents theoretical and practical
aspects of differentiation of territories according to the level of transport infrastructure development. The
purpose of the research is to develop a formalized approach to territorial differentiation according to the level
of transport infrastructure development on the example of Ukrainian regions. The issues with the term of
"transport infrastructure" are defined. Classical methodological approaches to transport infrastructure level of
development assessment are described. The essence of the concept of "differentiation" and its meaning in the
transport industry are revealed. The coefficients for assessing the provision of regions with transport
infrastructure, transport network density coefficient and the assessment of transport network safety indicator
are considered. On the basis of the considered coefficients and initial statistical data, the analysis of regions of
Ukraine, based on a level of development of a transport infrastructure, was conducted. The inequality of
transport infrastructure level of development (even within one country) is caused due to both objective
(geographical location, resource potential) and subjective reasons (efficient use of resources, effectiveness of
regional management). An integrated assessment in order to solve this task was formed. It is based on the
apparatus of the methodology of decision-making in conditions of uncertainty. For the practical demonstration,
the regions of Ukraine were differentiated, according to the level of transport infrastructure development.
During the evaluation, it is possible to determine the factor with the greatest impact on the overall result by
region. Improving the quantitative indicators that form the most influential qualitative assessment would lead
to an increasement of the overall assessment. Thus, using the developed algorithm, it becomes possible to
optimize the management of transport infrastructure development of a particular territory.

Keywords: transport infrastructure, territorial differentiation, mathematical modeling, integrated
assessment, transport safety, transport network density, carrying capacity.

YepeoHiyenko Kocmanmun, MipowHikoea KOnis. «MoodetonroeaHHs ougepeHyiayii mepumopiti
3a pisHeM po38UMKY MpPAHCNOpMHOI iHppacmpykmypu». ¥ cmammi eukiadeHi meopemuyHi ma
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NpakmuyHi acnekmu ougpepeHyiayii mepumopili 3a pieHeM po38UMKY MPAHCNOPMHO iHpacmpykmypu.
Memoto 0aHoi pobomu € po3pobka hopmanizoeaHozo nioxody mepumopiasieHoi dugepeHuiauii 3a pisHem
pO38UMKY MPAaHCNOPMHOI iHhpacmpykmypu Ha npuknadi pezioHis YkpaiHu. Po3kpumo npobnemamuky ma
BU3HAYEHO MepPMiH «MpPAaHCNOPMHaA iHgpacmpykmypa». OnucaHo KaAacuyHi mMemoOuyHi nioxoou 00
hopMyB8aHHA OUIHOK piBHA MPAHCNOPMHOI iHpacmpykmypu ma ix Hedoniku. Po3kpumo cymHicme
noHamms «ougpepeHuiayia» ma il 3Ha4eHHA y mpaHcnopmHil 2anysi. Po3anaHymo koegiuieHmu oyiHKu
3a6e3neyeHocmi pezioHie MpaHcnopmHorw iHppacmpykmyporw. Ha 6a3i posenaHymux koegiuieHmie ma
BUXIOHUX CmMamucmuyHux OaHux 6ys8 nposedeHul aHANI3 pe2ioHi8 YKpaiHu 3a pieHem po3sUMKY
mpaHcnopmHoi iHppacmpykmypu. HepigHicme pigHa po3sumky mpaHcnopmHoi iHppacmpykmypu (Hasime
Yy Mexax OOHiel KpaiHu) obymosneHa AK 06'€KmusHUMU (2eoepaghiuHe po3mawly8aHHsA, pecypcHuli
nomeHuyiasn), mak i cy6'ekmusHUMU NpUYUHAMU (echekmuBHe BUKOPUCMAHHA pecypcis, egpekmusHicmeo
pezioHanbHo20 ynpasniHHsA). [lna supiweHHA 0aHoi npobremu 6yna po3paxosaHd iHmMezpasabHA OUiHKaA.
basyrouuce Ha OaHili oyiHYi 058 npakmuyHoi OemMoHCMpauii po3pobneHozo anzopummy, 6yso
npoougepeHyitiosaHo pezioHuU YKpaiHu 3a pigHeM po38UMKY MPAHCNOPMHOI iHGpacmpykmypu.
Bukopucmosyrouu pospobneHull anzopumm, CmMAe MOX/AUBUM ONMUMI3y8amMu ynpassiHHA pO38UMKOM
mpaHcnopmHoi iHhpacmpykmypu negHoi mepumopii.

Knrouoei cnosa: TpaHcnopTHa iHGpacTpyKTypa, AndepeHLiallia Teputopii, WinbHiCTb TPAaHCMOPTHOI
MepeXxi, TpaHCNopTHa 6e3neKa, NPONyCcKHa 34aTHICTb, MaTeMaTYHa MOAESb, iHTerpanbHa OuiHKa.

YepeoHuyeHko KoHcmanHmuH, MupowHukoea Hnusa. «ModenupoeaHue oJuggepeHyuayuu
meppumopuii no ypoeHio pazsumus mpaHcnopmHol UHgpacmpykmypel». B cmamee u3ioxeHol
meopemuyeckue U nhpakmudeckue dcnekmsl OughgepeHyuayuu meppumopuli no YposHI pazsumus
mpaHcnopmHoU uHgpacmpykmypel. Llesibio 0aHHoU pabomei agigemcs paspabomka popmanu308aHHO20
nodxo0a meppumopuasnsHou duggepeHYUAYUU NO YPOBHIO pa3sumus mpaHcnopmHouU UHgpacmpykmypel
Ha npumepe pe2uoHo8 YKpauHel. Packpsimo npobnemamuky u onpedesieHue mepMuHa «mpaHcnopmHas
uHppacmpykmypa». OnucaHel Knaccudeckue memoouyeckue nooxoobl K (hopMUPOBAHUID OUEHOK ypOBHsA
mpaHcnopmHol  UHpacmpykmypsl U ux  Hedocmamku. Packpeima  cywHOCMb  NOHAMUA
«ougghepeHyuayusa» u e2o 3HadyeHue 8 MpaHcNopmHoU ompacau. Paccmompersl KoagguyueHmeol oyeHKU
obecneyeHHOCMU  pe2uoHO8 MpaHcnopmHol  UHgpacmpykmypou. Ha 6ase paccMompeHHbIx
KO3(hhuyueHMos U UCXOOHbIX CMamucmuyeckux OdHHbIX 6bl1 nposedeH aHaAsIuU3 pe2uoHo8 YKpauHsl No
YPOBHIO pazsumus mpaHcnopmHdouU uHgpacmpykmypesl. HepaseHcmeo yposHs pazsumus mpaHcnopmHou
UHppacmpykmypesl (daxe 8 npedesax oOHoU cmpdaHel) 0bycnosneHa Kak 06veKmuBHbIMU (2eoepdguyeckoe
nosoxeHue, pecypcHolli NOMeHYuUads), mak u cybvekmusHbIMU NpU4UHAmu (3¢hpekmusHoe ucnosib3o8aHue
pecypcos, 3¢phekmusHOCMb peUOHANIbHO20 ynpasneHus). [na peweHus OaHHOU npobnemel 6biia
paccyumana uHmezpasnsHas oyeHka. OCHO8bI8AACH HA OAHHOU oyeHKe 0/19 Npakmuyeckol 0eMoHCcmpayuu
paspabomaHHo20 aneopumma, 6bl1u oyeHeHbl pe2uoHbl YKpAauHsl NO YPOBHIO pa3sumus mpaHcnopmHoU
UHppacmpykmypel. icnone3ya paspabomaHHseil aneopumm, CmaHo8umcsa 803MOXHbIM ONMUMU3UPO8AMb
ynpasseHue pazgumuem mpaHcnopmHoU UuHppacmpykmypsi onpedesieHHOU meppumopuul.

Kniouesnble cnoea: TpaHCNopTHaA VMHOPACTPYKTYpa, AnddepeHumnauma TeppuTopui, NIOTHOCTb
TPAHCMNOPTHOW CeTU, TPAHCNOPTHas 6€30MacHOCTb, NPOMYCKHasA CNOCOOHOCTb, MaTeEMaTUYeCKas Mogerb,
WHTErpasibHas oLeHKa.

Introduction. The transport system has
significant importance for the modern
economy, because  other industries
productivity and, as a consequence, the
financial welfare of the state depends on it.
The role of transport systems is constantly
growing, especially during the
implementation of large-scale international
integration plans.

Transport infrastructure refers to the
framework that supports transport system.
This includes roads, railways, ports and
airports. The inequality of transport
infrastructure level of development (even
within one country) is caused due to both
objective (geographical location, resource
potential) and subjective reasons (efficient
use of resources, effectiveness of regional
management).
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Literature review and problem
statement. In modern scientific researches,
"transport infrastructure" is interpreted in
several aspects [1-5]. However, none of the
considered approaches takes into account
the impact of integration processes on
transport infrastructure.

A general definition of transport
infrastructure is formulated as a connecting
element between production and
consumption, which includes networks of
connections of all modes of transport and
facilities serving vehicles and
communications (stations, airports, ports,
etc.). It is also recommended to consider the
transport infrastructure as a system of
infrastructure by types of transport. Analysis
of scientific research about transport
infrastructure showed a variety of approaches
to the assessment of its development level.
Namely: the concepts of "transport network
density" [6], ‘“carrying capacity" [7],
"transportation timing" [8] and "transport
infrastructure provision". Most of the modern
methods  of  transport infrastructure
assessment, however, do not include
transport safety and geographical location
indicators.

Unfortunately, each approach analyzes
only one factor, ignoring other indices that
could potentially affect the overall level of
transport infrastructure. The lack of
integrated assessment could lead to a
misinterpretation of the real level of
development and, as a consequence,
inefficient management of transport system.

The aim and objective of research. The
aim of the study is to develop a formalized
approach of territorial differentiation by
transport infrastructure level of development
on the example of Ukrainian regions.

Presentation of the main material. The
differentiation of transport infrastructure (TI)
should be considered as a process of
distribution of transport infrastructures on
the basis of integrated quantitative
assessments of their level of development.

The classic approach to transport
infrastructure assessment is the analysis of
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regions provision with transport
infrastructure, which is based on coefficients
of Engel, Goltz, Uspensky, Vasilevsky [8]:

Ky = ——, (1)

KG = ) (2)

Ky = s/——=, (3)

L

Ky = SeHa 0
where K — Engel coefficient;
K - Goltz coefficient;
Ky - Uspensky coefficient;
Ky - Vasilevsky coefficient;
L — the length of roads in the region;
S — area of region;
H — population;
N — number of settlements;

t - the total weight of freights transported to
the territory;

Q - total weight of products produced on the
territory.

However, this method has disadvantages,
such as: a region with a large area loses to a
country with a smaller area in advance; the
geographical factor is not taken into account;
etc. Therefore, during territorial analysis,
these coefficients must be supplemented. It is
recommended to take into account transport
network density coefficients [8].

Transport network density coefficient is
the ratio of total roads length in the region to
the area of region (formula 5) and population
(formula 6):

(4)

1000L
1000L

Density of roads in relation to: the area of
region and population (formula 7), density of
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cargo transportation by road (formula 8), GBP p sAT (10)
. AT = ——,
(formula 9): sar S 4 SRARvaR
dir = —— (7)
s VSRAR It is worth to be included another
T approach to transport infrastructure level
dsf{‘ _ S (8) assessment, which is based on traffic safety
s JSR « NF index in transport network [9].
Accident rate:
AT 106z
SRyR _ S [=_ % 11
dsar = Teor 9 SEEs Lol (11)

where S4T- density of highways;
SR _ area of region;
AR — population;
Nf - range of transportation of goods by
road;
VR- GDP.
Then the formula of integral assessment

where z - number of accidents per year;

N - average daily traffic intensity in both
directions;

L - the road length.

Using formulas (1-11) and statistical data
[11-15], the coefficients of transport
infrastructure level of development of
Ukrainian regions were calculated:

of road density:

Table 1. Transport infrastructure level of development assessment

Region
S c
c
= )
E’) c% '05)7 = S
. S > 2 c p S 2 -;')) =
Criterion =) 73 e S = > o = S
D = (0] > 2 () = c >
v o @ o @ - < 8 o
& = S = = % % = | B
© S < = £ = x S =
c =3 = c T S O e S
o e o [} (=} o i) < [
& o = (&) = o m &) &)
Kr 0,0242 | 0,0348 | 0,0439 | 0,0446 | 0,0424 | 0,0498 | 0,0328 | 0,036 | 0,047
K; 11831 | 1,4694 | 1,3309 | 1,4903 1,297 | 1,0768 | 1,2999 1,386 | 1,395
Ky 0,9045 1,174 1,6462 | 1,5807 | 1,6521 | 1,8136 | 1,134 1,146 | 1,495
Ky 11095 | 1,1228 | 1,4768 | 1,0877 | 0,8555 | 1,4537 | 1,4434 | 1,273 | 1,374
dg 262203 | 317140 | 343750 | 305006 | 312750 | 395051 | 234981 | 381084 |309524
dy 22255 | 3810,8 | 56185 | 6531,0 | 5734,8 | 62719 | 4587,8 | 35716 |6987,2
diar 11 1.3 14 1,9 2,0 23 11 23 | 14
asea 239 | 232 274 30,2 382 | 424 | 170 | 388 | 20,2
S
asart 006 | 009 | 009 | 016 | 019 | 018 | 008 | 017 | 007
S
dSAT 0,35 0,49 0,56 0,85 0,99 0,98 0,43 0,80 0,45
1 0,03 0,09 0,09 0,06 0,05 0,08 0,15 0,12 0,11
The next step is the formation of an infrastructure level of development for

integrated  assessment  of  transport territorial differentiation. It is possible to use
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the apparatus of decision-making theory in “alternatives” should be understood “certain
conditions of uncertainty in order to conduct regions” (table 1), the calculated coefficients
this procedure. It is recommended to use (formulas 1-11) — as expert assessments.

Savage's criterion (C_S). In this case, by

Tij = MAX1<j<m @ — Qjj (12)

F =min;<;<mMaxi<j<ntij = MiNy<icmMaX<j<sn(MaX1<i<m@j — Q;;) (13)

To conduct the assessment, it is necessary
to develop a table (table 2) of relative values
from table 1.

Table 2. Relative values of transport infrastructure level of development

Region Assessment
Kg K Ky Ky dgar I

Donetsk region 0,4859 0,7941 0,4983 0,5796 0,3535 0,2000
Prydniprovskyi region 0,6988 0,9873 0,6472 0,7603 0,4949 0,6000
Northeastern region 0,8815 0,8938 0,9074 0,8626 0,5657 0,6000
Central region 0,8956 1,0000 0,8716 0,9844 0,8586 0,6000
Northwestern region 0,8514 0,8705 0,9107 1,0000 1,0000 0,4000
Podilsk region 1,0000 0,7240 1,0000 0,9303 0,9899 0,3333
Black Sea region 0,6586 0,6964 0,6251 0,6811 0,4343 1,0000
Carpathian region 0,7410 0,7834 0,6318 0,8125 0,8081 0,8000
Capital region 0,9337 0,9873 0,8241 0,9770 0,4545 0,7333

According to formulas (12-13) a table of
r ; was formed (table 3):

Table 3. Table of 7y;

Region Assessment
Kg K¢ Kg Ky Kg 1

Donetsk region 0,5141 0,2059 0,5017 0,4204 0,6465 0,8000
Prydniprovskyi region 0,3012 0,0127 0,3528 0,2397 0,5051 0,4000
Northeastern region 0,1185 0,1062 0,0926 0,1374 0,4343 0,4000
Central region 0,1044 0,0000 0,1284 0,0156 0,1414 0,4000
Northwestern region 0,1486 0,1295 0,0893 0,0000 0,0000 0,6000
Podilsk region 0,0000 0,2760 0,0000 0,0697 0,0101 0,6667
Black Sea region 0,3414 0,3036 0,3749 0,3189 0,5657 0,0000
Carpathian region 0,2590 0,2166 0,3682 0,1875 0,1919 0,2000
Capital region 0,0663 0,0127 0,1759 0,0230 0,4455 0,2667

Then the territorial differentiation of
regions (table 4):
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Table 4. Territorial differentiation of Ukrainian regions

Place Region Integrated assessment (1 - Cs)
1 Carpathian region 0,6318
2 Central region 0,6000
3 Northeastern region 0,5657
4 Prydniprovskyi region 0,4949
5 Capital region 0,4545
6 Black Sea region 0,4343
7 Northwestern region 0,4000
8 Podilsk region 0,3333
9 Donetsk region 0,2000

According to the results, the Carpathian
region is the most developed region of
Ukraine, and the Donetsk region is the least
developed.

Conclusions. The developed algorithm
allows to estimate the level of transport
infrastructure by integrated assessment.
During the evaluation, it is possible to

determine the factor with the greatest impact
on the overall result by region. Improving the
quantitative indicators that form the most
influential qualitative assessment would lead
to an increasement of the overall assessment.
Thus, using the developed algorithm, it
becomes possible to optimize the
management of transport infrastructure
development of a particular territory.
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