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SCHOLARLY RESEARCH AND APPLIED APPROACH
TO THE INTERDEPENDENCE OF MANUFACTURE
AND TRANSPORTATION OF PRODUCTS BASED
ON INTERMODALITY AND MULTIMODALITY

Introduction. The integration processes of the transport system are an important factor in the economic develop-
ment of Ukraine in conditions of increased competition for transit cargo flows. Therefore, it is necessary to de-
velop multimodal transportation of products to ensure the competitiveness of Ukraine in the international trans-
port market.

Problem Statement. In the modern conditions of the development of the transport system of Ukraine, there
have arisen theoretical and applied problems related to determining the most appropriate means for hybrid cargo
transportation.

Purpose. This study is aimed at identifying the interdependence of the sphere of manufacture and transporta-
tion of products in order to determine and justify the most efficient means of organization of intermodal and
multimodal cargo transportation.

Material and Methods. The review of existing scientific developments is based on systematic approach and
comparative historical analysis of the transport economy, given the economic, geographical, and geopolitical posi-
tion of Ukraine. The verification and falsification methods, as well as the economic and mathematical analysis
and modeling have been used to substantiate the scholarly and applied approach.

Results. The theoretical and practical problems of the transport economy development have been analyzed.
The trends in the development of cargo transportation by various means of transport have been identified. The
dependence of the products sold (goods, services) on the products transported by means of transport has been
simulated. The types of activities, which require transport services and are significant for the national economy
have been analyzed. The choice of the most appropriate means of transport for cargo transportation based on
intermodality and multimodality, in particular rail, sea, and inland water transport, has been justified.

Conclusions. The scholarly and applied approach has been proposed to identify the interdependence of manu-
Jacture, intermodal and multimodal cargo transportation of products. It can be used to increase the competitive
advantages of Ukraine’s transit potential.

Keywords: hybrid cargo transportation, intermodal transportation, multimodal transportation, state regulation,
correlation and regression analysis, rail transport, sea transport, and inland water transport.
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In the context of globalization transformations,
an important factor in the country’s economic de-
velopment is to ensure the integration processes
of the transport system, especially in the context
of multimodal cargo transportation. The favorable
geographical position of Ukraine en route to tran-
sit cargo flows, the presence of a developed net-
work of railways, as well as ice-free Black Sea ports,
highways determine the transit potential and form
a key role in ensuring interstate transport and
economic relations. In the transit of products of
all types of transport (except pipeline), railway
transport occupies a leading place and provides
more than 80% of the total cargo turnover. The
decline in the interstate cargo flows, as well as
changes in cargo routes, leads to increased inter-
industry and interstate competition for transit
cargo flows. This makes the development of mul-
timodal transport of products one of the deter-
mining factors for ensuring the country’s com-
petitiveness in the international transport mar-
ket. In such conditions, there is a need to conduct
research on the processes of improving multimo-
dal and intermodal cargo transportation using
statistical research methods that are important,
timely and require quick solutions for practice.
The identification of the main trend direction al-
lows us to justify the forecast economic pheno-
mena of the intensity and efficiency of the use of
means of transport in the organization of inter-
modal and multimodal cargo transportation.

THEORETICAL AND PRACTICAL
PROBLEMS OF THE TRANSPORT
ECONOMY DEVELOPMENT

The development of multimodal transport of pro-
ducts has recently become extremely important
and is influenced by the strengthening of globali-
zation, which is an important factor in ensuring
the integration of the Ukrainian economy into
the world economy. Existing studies have proved
that the achievement of an effective and safe sup-
ply chain management system in the context of
increasing global trade processes is necessary on
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the basis of intermodal and multimodal transport
[1]. Especially now, when the trans-European and
transcontinental transport routes are developing
rapidly, it is necessary to develop multimodal chain
modules for modeling container traffic, in parti-
cular within the Dutch strategic freight transport
model Bas Goed [2], real-time decision support
systems based on a hybrid approach to modeling
and optimization for intermodal transport [3] in
order to improve the reliability of intermodal trans-
port to increase its use and minimize the negative
externalities of cargo transport. In particular, Wol-
finger D. et al. [4] tried to solve the problem of
planning the transport of products over long dis-
tances by providing a mathematical algorithm that
allows us to find a set of possible routes using in-
termodal and multimodal transport, taking into
account the minimization of transport costs and
transshipment costs. Studies of the willingness of
shippers to delegate control over means of trans-
port by determining their relationship to syn-
chromodal transport services have allowed Khak-
daman M., Rezaei J., & Tavasszy L. A. [5] to de-
termine that two-thirds of shippers are willing to
transfer control of transportation to service pro-
viders in order to improve productivity. Equally
important is the structure for assessing the sus-
tainability of multimodal networks, since synch-
romodal transport provides for flexible switching
between different means of transport in real time,
taking into account the relevant logistic informa-
tion [6]. This allows for more efficient use of vehi-
cles and helps plan maintenance by prioritizing
critical infrastructure. Based on the results of the
use of scenario analysis of intermodal transport in
the context of service network design models on
the example of Belgium [7], models for the design
of a service network for cargo systems based on
consolidation have been developed. They empha-
size the high cost of rail transport and the eco-
nomic benefits of inland waterway transport.
Taking into account the peculiarities of the
geopolitical situation of Ukraine, in order to in-
crease its attractiveness for participation in the
world routes of intermodal and multimodal trans-
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port, leading modern specialists were engaged in
the development, implementation and adaptati-
on of information computer systems in transport
[7—8], which made it possible to determine the
information support of transport, the importance
and application of information systems in the work
of transport, transport routes, and supply chain
management. The solution of problematic issues
of modern information control and diagnostic
systems of vehicles [9], information support of
the organized system of international transport
communications [10] allows increasing the com-
petitiveness of vehicles by expanding the func-
tionality of information systems, but the use of
leading modern information systems does not ta-
ke a leading role in the management of traffic
flows in Ukraine.

The problems of increasing the competitive-
ness of the transport complex in the international
cargo transport market and the implementation
of the transit potential of Ukraine were studied
by Mikhailichenko K. M. & Belashov E. V. [11].
The research has identified the causes of a rapid
decline in transit traffic through the Ukrainian
territory, suggested directions and measures of
government policy, the implementation of which
contributes to the restoration of the transit po-
tential of Ukraine. Given the focus on the Euro-
pean integration of Ukraine and the need to in-
volve ports in the international TEN-T network,
Palyvoda O. et al. [12] carried out a comprehen-
sive assessment of the investment attractiveness
of seaports using the Saaty method and the me-
thod of calculating the integral indicator of the in-
vestment attractiveness of seaports in order to use
it to increase the efficiency of attracting invest-
ments in their development. Studies of the chain
of obstacles to the implementation of international
cargo transportation through non-tariff instru-
ments of foreign trade policy made it possible to
identify strategic priorities for the development
of the transit potential of Ukraine [13], and based
on the analysis of the state of the transport sys-
tem of Ukraine, the main factors of influence and
problems [14], the main promising directions for
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improving the efficiency of international trans-
port management have been clarified.

It should also be noted that some authors use
mathematical modeling in the study of transport
systems, in particular Gasnikov A. V. et al. [15]
generalized mathematical models for predicting
traffic congestion, choosing the optimal topology
of the transport network, approaches to modeling
transport systems based on graph theory. The
studies of approaches to predicting traffic flows
for certain road networks based on the use of the
ARIMA space-time model [16], the additive sea-
sonal vector autoregressive model taking into ac-
count spatial dependence [17], space-time corre-
lations, regression analysis, the Box-Jenkins mo-
del and its analog for time series, intelligent ana-
lysis methods, in particular the method of refe-
rence vectors and neural networks [18—19] allow
predicting the speed and volume of cargo traffic
of multimodal and intermodal transport, creating
a scientific and practical basis.

However, in the current conditions of develop-
ment of the transport system of Ukraine, there
are a number of problems of a theoretical and ap-
plied nature that require solutions through scien-
tific justification and the development of appro-
priate methodological approaches and practical
recommendations. Therefore, this study is aimed
at identifying the interdependence of the sphere
of production and transportation of products to
determine and justify the most efficient means of
transport in the organization of intermodal and
multimodal cargo transportation.

The paper presents an overview of existing sci-
entific developments. It is based on a systematic
approach and comparative historical analysis
with the use of the factor method for the develop-
ment of the transport economy. Special attention
is paid to the multimodal transport of products
and the strengthening of the globalization pro-
cesses. The economic, geographical, and geopoliti-
cal position of Ukraine is taken into account. The
scholarly and applied approach to identifying the
interdependence of the sphere of production and
transportation of products has been substantia-
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ted to determine and justify the most efficient
means of transport in the organization of inter-
modal and multimodal cargo transportation. The
methods of verification and falsification, econo-
mic and mathematical analysis and modeling of the
dependence of the products sold (goods, services)
and cargo turnover on the goods transported by
various means of transport by economic entities
of economic activities were used.

Table 1. Cargo Shipments by Type of Transport in Ukraine

TRENDS IN THE DEVELOPMENT
OF CARGO TRANSPORTATION
BY VARIOUS MEANS OF TRANSPORT

The annual cargo transportation by automobile
transport in Ukraine is growing (Table 1 and Tab-
le 2) and currently occupy the largest share in
the total volume of traffic (72.65% (1147049.6 thou-
sand tons), in 2019; 66.38% (1252390.3 thousand

Cargo transported by type of transport, thousand tons
Years
iy . . Inland water Automobile . Pipeline

Rail transport Sea transport transport transport Air transport transport
2011 469308.1 4145.6 5720.9 1252390.3 921 154971.2
2012 457454.5 3457.5 4294.7 1259697.7 122.6 128439.8
2013 443601.5 34281 2840.5 1260767.5 99.2 1259411
2014 386276.5 2805.3 3144.8 1131312.7 78.6 99679.5
2015 349994.8 3291.6 3155.5 1020604.0 69.1 97231.5
2016 343433.5 3032.5 3641.8 1085663.4 74.3 106729.2
2017 339550.5 2253.1 3640.2 1121673.6 82.8 114810.4
2018 3223421 1892.0 3698.0 1205530.8 99.1 109418.2
2019 312938.9 2120.3 3990.2 1147049.6 92.6 112656.4

Source: Developed by the authors on the basis of data [20].
Table 2. Structure of the Transported Products by Type of Transport in Ukraine
Cargo transported by type of transport, thousand tons
Years
L o Inland water Automobile S Pipeline

Rail transport Sea transport transport transport Air transport transport
2011 24.88 0.22 0.30 66.38 0.00 8.21
2012 24.68 0.19 0.23 67.96 0.01 6.93
2013 24.15 0.19 0.15 68.64 0.01 6.86
2014 23.80 0.17 0.19 69.69 0.00 6.14
2015 23.74 0.22 0.21 69.22 0.00 6.59
2016 22.26 0.20 0.24 70.38 0.00 6.92
2017 21.46 0.14 0.23 70.90 0.01 7.26
2018 19.62 0.12 0.23 73.37 0.01 6.66
2019 19.82 0.13 0.25 72.65 0.01 714

Source: Calculated by the authors.
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tons), in 2011). Cargo transportation by rail in
2019 in the total structure of the transported pro-
ducts is 19.82% (312938.9 thousand tons), but
each year it gradually decreases due to signifi-
cantly high tariffs for services. It should be noted
that the experience of the leading countries (USA,
EU, and China) has shown that rail transport is
the main carrier that can provide significant tran-
sit traffic, in particular, via multimodal transport.

The cargo transportation by sea and inland
water transport decreases annually and in 2019
amounted to 2120.3 thousand tons and 3990.2
thousand tons, respectively, so their share in the
overall structure also tended to decrease and in
2019, and was 0.13% and 0.25%, respectively. The
pipeline transports about 6—8% of the total car-
go. The smallest cargo transportation is carried
out by air transport and accounts for up to 0.01%
of the total structure of cargo transportation,
which can be explained by the high cost of such
transportation.

From the point of view of the subjects of vari-
ous spheres of economic activity, transport is usu-
ally considered as a set of technical means for the
transportation of products and provides uninter-
rupted and timely satisfaction of the needs of
transportation in the national economy. There-
fore, according to the authors, it is necessary to
study the impact of the products (goods, servic-

es) produced by business entities for various ty-
pes of economic activity on the products (works,
services) sold and cargo turnover by various
means of transport. For the analysis, we selected
the spheres of economic activity that are most in
need of cargo transportation by various means of
transport (Tables 3 and Table 4).

During the analyzed period, the largest cargo
turnover is observed in railway transport whose
share in the total cargo turnover is about 60%,
but it has an annual downward trend. Thus, in
2014, the cargo turnover of railway transport is
62.55%, but in 2019 only 53.65%. Also, a signifi-
cant cargo turnover is observed by the pipeline
transport. From 2014 to 2019, it increased by
6.36% and accounts for 30.84% of the total cargo
turnover by all means of transport. The cargo
turnover of automobile transport in the total
volume for all means of transport during the ana-
lyzed period is only about 10—12%, but in 2019
its share increased to 14.43%. The lowest cargo
turnover is observed on water and air transport
and amounted to 1.00% and 0.09%, respectively,
in 2019. It should be noted that the experience
of the leading countries (USA, EU, and China)
has shown that rail transport is the main carrier
that can provide significant transit traffic over
long distances, in particular, via multimodal
transport.

Table 3. The Products (Goods, Services) Manufactured by Economic Entities,

by Type of Economic Activity in Ukraine

Products (goods, services) produced, mln. XDR
Years Agriculture, Industr C »
forestry and fisheries ¥ onstruction
2013 15900.61 102347.30 11904.85
2014 12559.34 58399.05 6958.19
2015 12516.56 48262.49 4273.61
2016 13032.63 52699.10 4950.47
2017 13144.06 61741.26 5756.78
2018 15998.87 72640.48 7342.26

Source: Developed by the authors on the basis of data [20] taking into account the official exchange rate of the hryvnia to the

special drawing rights [21].
20
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SIMULATION OF THE DEPENDENCE

OF THE PRODUCTS SOLD

(GOODS, SERVICES) ON THE PRODUCTS
TRANSPORTED BY MEANS OF TRANSPORT

The method of statistical equations of dependen-
cies allows us to justify the predicted economic
phenomena of the intensity and efficiency of the
use of means of transport in the organization of

intermodal and multimodal cargo transport. Em-
pirical studies have shown that the relationship
between the products sold (goods, services) by
business entities for various types of economic
activity and the products transported by means
of transport, in general, show positive and nega-
tive, but varying degrees of correlation depen-

dence (Table 5).

Table 4. The Products Sold (Works, Services) and Cargo Turnover by Type of Transport in Ukraine

Cargo turnover, million tons/km

Products
Years sold (works, Including:

services), All types

mln. XDR of transport Rail Automobile Inland water Pipeline Air

transport transport transport transport transport

2013 18178.86 379045 224017.8 40487.2 4615.2 109651.8 273
2014 9764.86 335151.7 209634.3 37764.2 5462.3 82050.9 240
2015 9682.63 315341.8 194321.6 344311 5434.1 80944.1 2109
2016 10947.71 323473.9 187215.6 37654.9 3998.6 94378.9 225.9
2017 12012.85 3430571 1919141 41178.8 42571 105434.4 272.7
2018 14439.56 331856.2 186344.1 42569.5 3363 99239.9 339.7
2019 18441.08 338962.5 181844.7 48906.3 3387.8 1045281 295.6

Source: Developed by the authors on the basis of data [20] given the official exchange rate of the hryvnia to the special draw-

ing rights [21].

Table 5. Correlation Dependence of the Products Sold (Goods, Services)

on the Products Shipments by Type of Transport

VPS RT MT PT AutoT Avial TT
Products sold (VPS) 1.0
> railway (RT) —-0.8662 1.0
‘g marine (MT) ~0.8522 | 0.7319 1.0
g inland water (IWT)
3; automobile (AutoT)
é air (AirT) 1.0
& | pipeline (PT) 0.7598 1.0
very weak 0.71—0.90 high
0.31—0.50 weak very high
0.51—0.70 moderate functional relationship

Source: Calculated by the authors.
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The strongest positive correlation is observed
between the products sold and the products
transported by inland water transport (0.9384),
as well as between the products transported by air
and automobile transport (0.9338). A high posi-
tive correlation is observed between the cargo
transported by sea and rail (0.7319), pipeline and
road transport (0.7949), and pipeline and air
transport (0.7598). A high negative correlation,
that is, an increase in one variable leads to a de-
crease in the studied parameter, between the pro-
ducts sold and the products transported by rail
(—0.8662) and the products transported by sea
(—0.8522), as well as the products transported by
inland water and rail (—0.9033) and sea (—0.8103)
transport. There is a weak and very weak correla-
tion between the other studied indicators. The
data obtained provide for the possibility of fur-
ther research. Using the statistical method of
multiple regression, a multivariate econometric
model of the dependence of the products sold
(goods, services) on the products transported by
means of transport is constructed, expressed in a
6-dimensional plane and has the form of the de-
pendence of the products sold (goods, services)
on the goods transported by means of transport:

VPS = 909138.45 — 2.91 - RT +
+1.34 - MT+35.28 - IWT — 0.56 - AutoT +
+6010.59 - AirT + 4.81 - PT. (1)

The equation shows that the slope of the plane
in the direction of the products transported by
rail (—2.91) and road (—0.56) represents the neg-
ative sensitivity of the products sold, while the
slope of the plane in the direction of the products
transported by sea (+1.34),inland water (+35.28),
air transport (+6010.59), and pipeline (+4.81)
represents the positive sensitivity of the products
sold. At the same time, the reliability of the ob-
tained model (the coefficient of determination) is
1.0, that is, the change in the VPS value is com-
pletely due to the corresponding indicators, the
standard error is 0. The significance of the F and
p values is 0, and the sign of the free term (con-
stant) of the equation does not change when mov-
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ing from the column “lower 99%” to the column

“upper 99%”. All this indicates the statistical sig-

nificance of the constructed econometric model.
A multi-factor econometric model of the pro-

ducts sold (goods, services) is based on the pro-
duction function of knowledge. It makes it possi-
ble to study the absolute and relative influence of
factors on the products sold (goods, services), to
determine the potential reserves for their increase

(decrease), as well as to evaluate them using com-

parative analysis. That is, for example:

« if the products transported by rail increases by
1%, with other indicators unchanged, there is a
decrease in the products sold by 2.64%; and vice
versa, if the cargo transportation decreases by
1%, there is an increase in the products sold,;

& an increase in the products transported by sea
by 1%, with other indicators unchanged, leads
to an increase in the products sold by 0.03%;
and vice versa, with a decrease in the cargo
transportation by 1%, there is a decrease in the
products sold,;

+ with an increase in the products transported by
inland water transport by 1%, according to other
unchanged indicators, there is a decrease in the
products sold by 0.18%; and vice versa, with a
decrease in the cargo transportation by 1%,
there is an increase in the products sold,;

« if the products transported by road increases by
1%, with other factors unchanged, there is a de-
crease in the products sold by 0.13%; and vice
versa, if the cargo transportation decreases by
1%, there is an increase in the products sold;

& an increase in the cargo transported by air trans-
port by 1%, with other indicators unchanged,
leads to an increase in the products sold by
0.57%; and vice versa, in the case of a decrease
in the cargo transportation by 1%, there is a
decrease in the products sold;

o with an increase in the cargo transported thro-
ugh the pipeline by 1%, with other indicators
unchanged, there is an increase in the products
sold by 1.31%; and vice versa, with a decrease
in the cargo transportation by 1%, there is a
decrease in the products sold.

ISSN 2409-9066. Sci. innov. 2023. 19 (1)
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The empirical studies have demonstrated that
the relationship between the products (goods,
services) of economic entities by type of econo-
mic activity (agriculture, forestry and fisheries;
industry and construction) and the products trans-
ported by type of transport, in general, shows a
positive and negative, but varying degrees of cor-
relation (Table 6).

It has been found that the products transport-
ed by inland water transport (0.9361) has the
strongest positive correlation with the products
manufactured; the products transported by rail
(—0.8602) and sea transport (—0.8933) has a very
weak positive correlation with the products trans-
ported by road (0.0267) and the products trans-
ported by pipeline (—0.0864)); there is a weak
correlation between the products manufactured
and the products transported by air (-0,3383).
The data obtained indicate the possibility of fur-
ther research.

JUSTIFICATION OF THE MOST
APPROPRIATE MODES OF TRANSPORT
FOR CARGO TRANSPORTATION

BASED ON INTERMODALITY

AND MULTIMODALITY

Using the statistical method of multiple regres-
sion, econometric models of the dependence of
the products transported by type of transport on
the products (goods, services) of economic enti-
ties by type of economic activity are constructed
and have the form of:

1. The regression model of the dependence of
the products transported by rail on the products

(goods, services) of economic entities by type of
economic activity:

RT = 468774 — 0.0412 - PV. 2)

The degree of reliability of the constructed
model is 0.7400, that is, the change in the cargo
transported by road transport by 74.00% is due
to the products of business entities by type of
economic activity, while other factors account
for 36.00% of the change. The standard error of
the constructed equation is 25020.63, which is
5.64—8.00% in percentage terms of the prod-
ucts transported by the specified transport.
Since the correlation coefficient and the cor-
relation index are almost the same, that is, the
difference between these indicators of the strength
of relationship is 0.01; this indicates that the
choice of the type of equation to characterize
the relationship is correct. The parameter indi-
cates that a change in the size of the deviation
from the PV unit per unit leads to a change in
the size of the deviation of the products trans-
ported by rail by 0.0412. b = —0.0412 The sig-
nificance of F is 0.0130 and the p-value is
0.00002, while the sign of the free term (con-
stant) of the equation does not change when
moving from the column “lower 95%” to the
column “upper 95%”. All this indicates the sta-
tistical significance of the constructed econo-
metric model with 95% reliability.

Figure 1 shows the actual and calculated val-
ues of the constructed regression model, as well
as the error limits of the model.

2. The regression model of the dependence of
the products transported by sea on the products

Table 6. Correlation Dependence of the Transported Products (by Type of Transport)
on the Products (Goods, Services) of Economic Entities (by Type of Economic Activity)

Cargo transported by type of transport

Inland water
transport

Rail transport Sea transport

—0.8602 —-0.8933

Source: Calculated by the authors.
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Automobile

transport Air transport

Pipeline transport

0.3383
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Fig. 2. Actual and calculated values of the cargo transported by sea

Source: Calculated by the authors.

(goods, services) of economic entities by type of
economic activity:

MT = 4256.26 — 0.0006 - PV. (3)

The degree of reliability of the constructed
model is 0.7980, that is, the change in the cargo
transported by sea by 79.80% is due to the prod-
ucts of business entities by type of economic ac-
tivity, while other factors account for 20.20% of
the change. The standard error of the constructed
equation is 297.3907, which is 8.68—15.72% as a
percentage of the products transported by the
specified transport. Since the correlation coeffi-
cient and the correlation index are almost the
same, that is, the difference between these indica-
tors of the strength of relationship is 0.01; this
indicates that the choice of the type of equation
to characterize the relationship is correct. The
parameter indicates that a change in the size of
the deviation from the PV unit per unit leads to a
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change in the size of the deviation of the products
transported by rail by 0.0.0006. b = —0.0006 The
significance of F is 0.0067 and the p-value is
0.00009, while the sign of the free term (constant)
of the equation does not change when moving
from the column “lower 99%” to the column “up-
per 99%”. All this indicates the statistical signifi-
cance of the constructed econometric model with
99% reliability. Figure 2 shows the actual and cal-
culated values of the constructed regression
model, as well as the error limits of the model.

3. The regression model of the dependence of
the products transported by inland water trans-
port on the products (goods, services) of econo-
mic entities by type of economic activity:

IWT = 2347.09 + 0.0004 - PV. (4)

The degree of reliability of the constructed
model is 0.8764, that is, the change in the cargo
transported by sea by 87.64% is due to the pro-

ISSN 2409-9066. Sci. innov. 2023. 19 (1)
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Fig. 3. Actual and calculated values of the products transported by inland water transport

Source: Calculated by the authors.

ducts of business entities by type of economic ac-
tivity, while other factors account for 12.36% of
the change. The standard error of the constructed
equation is 155.4675, which is 3.90—5.47% as a
percentage of the products transported by the
specified transport. Since the correlation coeffi-
cient and the correlation index are almost the
same, that is, the difference between these indica-
tors of the strength of relationship is 0.01; this
indicates that the choice of the type of equation
to characterize the relationship is correct. The
parameter indicates that a change in the size of
the deviation from the PV unit per unit leads to a
change in the size of the deviation of the products
transported by rail by 0.0.0004. b = 0.0004 The
significance of F is 0.0019 and the p-value is
0.00007, while the sign of the free term (constant)
of the equation does not change when moving
from the column “lower 99%” to the column “up-
per 99%”. All this indicates the statistical signifi-
cance of the constructed econometric model with
99% reliability. Figure 3 shows the actual and cal-
culated values of the constructed regression
model, as well as the error limits of the model.

4. The regression model of the dependence of
the products transported by road transport on
the products (goods, services) of economic enti-
ties by type of economic activity:

AutoT = 1132892.86 + 0.0022 - PV.  (5)

The degree of reliability of the constructed
model is 0.0007, that is, the change in the cargo
transported by road transport by 0.07% is due to
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the products of business entities by type of eco-
nomic activity, while other factors account for
99.93% of the change.

5. The regression model of the dependence of
the products transported by air transport on the
products (goods, services) of economic entities
by type of economic activity:

AirT=73.26 + 0.000004 - PV. (6)

The degree of reliability of the constructed
model is 0.1145, that is, the change in the cargo
transported by road transport by 11.45% is due
to the products of business entities by type of
economic activity, while other factors account for
88.55% of the change.

6. The regression model of the dependence of
the products transported by pipeline transport
on the products (goods, services) of economic en-
tities by type of economic activity:

PT=107064 + 0.00089 - PV. (7)

The degree of reliability of the constructed
model is 0.0075, that is, the change in the cargo
transported by road transport by 0.75% is due to
the products of business entities by type of eco-
nomic activity, while other factors account for
99.25% of the change.

The conducted studies allow us to use models
for further research only with a degree of confi-
dence of more than 50%, that is, the models are
built for the cargo transported by rail, sea and in-
land water transport. Other models are unrelia-
ble. The constructed econometric models are uni-
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variate and dynamic, since the influence of the
products (goods, services) of economic entities
by type of economic activity (agriculture, forest-
ry and fisheries; industry and construction) on
the products transported by various means of
transport is considered, and the study of the rela-
tionship of development in time is a necessary
factor of change. Given the significant quality of
the regression equation, it can be used for practi-
cal purposes to describe the dependence and fore-
cast the cargo transportation by rail, sea and in-
land water transport.

The analysis of the volume and structure of
cargo transported by various means of transport,
as well as cargo turnover, has allowed us to iden-
tify the most used types of transport, in particu-
lar, rail, pipeline and road. Considering that from
the point of view of subjects of various spheres of
economic activity, transport is usually considered
as a complex of technical means for the transpor-
tation of products and ensures uninterrupted and
timely satisfaction of the needs of the national
economy in transportation, for the analysis, the
spheres of economic activity that are most in need
of cargo transportation by various means of trans-
port have been selected. A scientific and applied
approach was proposed to determine the most ap-
propriate means of transport for cargo transpor-
tation on the basis of intermodality and multimo-
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[lep>kaBHa ycrtaHoBa «[HCTUTYT pUHKY i €EKOHOMiKO-€KOJIOTIYHUX JocTikenb HartionanpHoi akazemii Hayk Yrpaiaus,
Opanitysbkuii 6yabBap, 29, Oneca, 65044, Yrpaina,
+380 48 722 2905, oss_iprei@ukr.net

HAYKOBO-ITPUKJJIATHUM TIIJIXIT IO BBAEMO3AJIEKHOCTI
BUPOBHUIITBA 11 TPAHCITOPTYBAHHA ITPOJIVKIIIT HA OCHOBI
IHTEPMOJAJIBHOCTI TA MYJIBTUMO/JIAJIbHOCTI

Beryn. [nTerpartifini mporiecu TpaHCIIOPTHOI CUCTEMU € BRXKJIMBUM YMHHUKOM €KOHOMIYHOTO PO3BUTKY YKpaiHU B yMOBax I110-
CUJIEHHS KOHKYPEHIlii 32 TPAaH3UTHI BAHTAKOMOTOKN. PO3BUTOK 3MillIaHNX TTepeBe3eHDb BAaHTAXKIB € OZIHUM 3 OCHOBHUX IS~
XiB 3a0€31eUeHHsI KOHKYPEHTOCIIPOMOKHOCTI YKpaiHU Ha MiZKHAPOJHOMY TPAHCIIOPTHOMY PHHKY.
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TpodaemaTuka. Y Cy4acHUX yMOBaX PO3BUTKY TPAHCIOPTHOI cucteMu YKpaiHU BUHUKAE NPOOJIEMa TEOPETUYHOTO Ta
MIPUKJTJHOTO XapaKTePy 010 BU3HAYEHHS HANOIIBII OIJIBHUX BU/IB TPAHCIIOPTY /ISl 3AIHCHEHHSI 3MIIIIAHIX ITepeBe3eHb
BaHTAXIB.

Merta. BusiBjieHHs B3aeMO3a/Ie;KHOCTI cheprt BAPOOHUIITBA Ta TPAHCIIOPTYBAHHS IPOAYKIIIT /1JIst BUBHAYCHHSI Ta OOTPYHTYBaH-
Hs1 HAiGLIbI e(heKTUBHUX BUIIB TPAHCIIOPTY IIPU OPraHisallil iHTepPMOAAIbHUX 1 MYJBTUMOIAJIBHUX [IEPEBE3EHDb BAHTAKIB.

Marepiaan i meroau. Oryisa/ HASBHUX HAYKOBUX JIOCTI/)KEHD B TATy3i eKOHOMIKH IIepeBe3eHb 3/[iHICHEHO METO/IaMU CUC-
TEMHOTO Ta TOPiBHAIBHO-ICTOPUYHOTO aHAJi3y, BPAXOBAHO €KOHOMiKO-TeorpadiyHe Ta reomoJiTHYHe CTAHOBUIIE YKPaiHU.
IIpu o6rpyHTYBaHHI HayKOBO-IIPUKJIAAHOTO IiAX0/y BUKOPHCTaHO MeToau Bepudikaliii Ta danbendikarii, eKoHOMiKO-Ma-
TEMaTUYHOTO aHAJI3Y Ta MOJIETIOBAHHS.

Pesynbraru. [IpoaHasii3oBaHO TEOPETUYHI Ta MPAKTUYHI POOJIEMU PO3BUTKY TI€PEBE3€Hb BAHTAXKIB PISHUMU BUIAMU
Tpancropty. [IpoBeseHo MOIe/IIOBaHHST 3aJI€KHOCTI 0OCSITIB peaizoBaHOl IPOAYKILil (TOBapiB, MOCAYT) Bifl 06CATY BAaHTAXKIB,
1110 [IEPEBO3SITHCSI, B PO3Pi3i PisHUX BUIB TpaHCcopTy. [IpoaHasizoBano BIUB 06CSTIB IiepeBe3eHb Ha 06CSITH BUPOOHUIITBA
i Tpomaky MPOAYKILi HaWOIIBIN 3HAYYIIMX /Ui HAIIOHATBHOT €KOHOMIKM BUJIB JiSIBHOCTI, SIKi HaiGiIbIe moTpebyIoTh
TPAHCIIOPTHOTO 06CayroByBatHtsa. OOIPYHTOBaHO HAWOIIBII JOIIIbHI BUAN TPAHCIIOPTY JJIS 3/iiCHEHHS iIHTEPMOJAIbHIX 1
MYJIBTUMOATBHIX BAaHTAKOTIEpEBe3eHb: 3aTi3HNIHIH, MOPCHKU Ta BHYTPINITHIN BOTHUI.

BucHoBKH. 3alIPOIIOHOBAHO HAYKOBO-TIPUKJIAHUIL IIIX1]] /10 BUSBJIEHHST B3AEMO3aJI€KHOCTI BUPOOHUIITBA Ta 3/ilICHEH-
HS IHTEPMOJAJIbBHUX Ta MYJBTUMOJATbHUX TIepeBe3eHb MPOIYKILii, AKUI1 MOKHA BUKOPUCTOBYBATU 3 METOIO TTiIBUIIICHHSI
KOHKYPEHTHUX IIepeBar TPAaH3UTHOTO TIOTEHIialy YKpaiHu.

Kmouosi cnosa: 3mitmani epeBe3eHHs BAHTAXKIB, IHTePMO/IATbHI Ta MYJIBTUMO/AIbHI ITepeBe3eHHs, PeTyJII0BaHHS, KOPeJsi-
LIHO-perpeciiHuil anai3, 3aTi3HNYHNN TPAHCIIOPT, MOPCHKUH TPAHCIIOPT, BHYTPIITHIN BOAHWI TPAHCIIOPT.
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