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Abstract. This article explores the factors that have a significant impact on the development of transit traffic along the
Trans-Caspian transport route. Currently, the Republic of Kazakhstan is becoming one of the determining factors in the devel-
opment of transport routes within the Eurasian space at the junction between China and Europe. Latitudinal and meridional
international transport corridors (ITC) - routes in the direction «East-West» and «North-Southy - run along the EAEU territory.
The geography of the region allows for the delivery of goods both exclusively by land and multimodal, combining different
modes of transport. The study was conducted using correlation and regression analysis based on data from open sources. The
results obtained allowed to identify the most significant factors, the development of which will create conditions for the devel-

opment of transit transportations in Kazakhstan.
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1. Introduction

In recent years, the importance of transit potential for the
Republic of Kazakhstan has been growing, which allows
increasing its significance in the development of the national
economy [1]. Trans-Caspian transport route is an internation-
al transport corridor China - Turkey - Europe. It is intended
to provide a transport link between China and Europe by-
passing Russia, through Kazakhstan, Azerbaijan, Georgia
and Turkey [2]. Since the etiology of transit Eurasian freight
traffic has been and remains the trade between China and the
EU, when speaking about the EAEU's competitive participa-
tion in transit, the latitudinal route "China - Europe - China"
is most often meant. However, it is important that the devel-
opment of continental routes already makes it possible to
deliver cargo from the PRC to the EU and back, using sepa-
rate highways that are part of the North-South ITC.

The Trans-Caspian International Transport Route (TITR)
is positioned as an alternative to the Russian Trans-Siberian
Railway for the delivery of goods from China to Europe and
from Ukraine to Central Asian markets. In reality, in its cur-
rent state, the route is still developing and the participating
countries require investments to improve international logis-
tics relations.

The Trans-Caspian International Transport Route (here-
inafter referred to as TCIR) is a strategically important
transport route connecting the regions of Eurasia via the
Caspian Sea. This route connects the countries of Western
Europe and Central Asia with the regions of the Near and
Middle East. It is a key transport corridor providing efficient
trade and cargo transport between different continents [3].
The Trans-Caspian Transport Route combines several routes,
including railway, road, sea and even multimodal routes. It
connects ports on the Caspian Sea with railway networks and
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motorways extending through Central Asian countries such
as Kazakhstan, Turkmenistan and Uzbekistan. The route also
provides access to the Persian Gulf countries and the onward
movement of cargo to Europe via Mediterranean ports.

The Trans-Caspian transport route is an important infra-
structure for cargo transit and the development of economic
ties between different regions of Eurasia, contributing to the
strengthening of trade relations and co-operation between
countries. The cargo flow along the TITR is presented in
Figure 1.
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Figure 1. TITR cargo traffic (TEU, ths.). Note - compiled by
the author on the basis of the source [4]

According to the presented Figure 3, In 2022, the volume
of cargo traffic on the TITR route increased 2.5 times and
reached 1.48 million tonnes. 33.6 thousand TEU were trans-
ported along the route - this is 33 per cent higher than last
year's figure. Export of Kazakhstani cargoes increased 6.5
times compared to 2021 and amounted to 891 thousand
tonnes. However, in 2022, there was a decline in transit traf-
fic by 3.5% to 257.5 thousand tonnes, as well as in container
traffic by 25% with the final volume of 11 thousand TEU.
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2. Materials and methods

2.1. Literary review

Correlation and regression analysis are a powerful statis-
tical analysis tool that allows us to examine the relationships
between variables and determine the extent to which key
factors influence traffic volumes along the Trans-Caspian
International Transport Route. First, it is necessary to identi-
fy the key factors that may have an impact on transport vol-
umes along the Trans-Caspian route. These may include, for
example, economic indicators, political factors, transport
network infrastructure, customs procedures and others. Next,
data is collected on traffic along the route and on the values
of the selected key factors over a certain period of time.

The first step of the analysis is to determine the correla-
tions between variables [4]. Correlation analysis allows to
identify the degree of relationship between traffic volumes and
other factors. For example, it is possible to determine whether
there is a statistically significant relationship between the
economic growth of a region and transport volumes.

After conducting correlation analysis, we can proceed to
regression analysis, which allows us to assess the degree of
influence of selected factors on traffic volumes. A regression
model can be built to forecast traffic volumes based on the
values of key factors [5]. The obtained results of correlation
and regression analysis allow us to draw conclusions about
which factors have the greatest influence on the volumes of
transportations along the Trans-Caspian route. These conclu-
sions can be used to optimize logistics processes, improve
infrastructure and make strategic decisions in the field of
cargo transportation through this route.

At the same time, there are a number of factors affecting
the development of transit routes on TITR in Kazakhstan. In
order to identify the most significant factors, a study was
conducted using correlation and regression analysis. At the
initial stage, information was collected regarding the costs of
150 Kazakhstani transport and logistics and freight forward-
ing companies for interaction with various elements of logis-
tics infrastructure for the period 2014-2023. The data were
collected by KazLogistics NCO, which conducted a large-
scale study of the state of logistics infrastructure in the Ka-
zakhstani section of the TITR, namely:

- Costs of Kazakhstani companies to interact with the
institutional element;

- Costs for companies to engage with the public element;

- Costs for companies to interact with the scientific
component;

- Costs for companies to interact with the regulatory
element;

- Costs for companies to interact with the technical
element.

The interaction of companies with the institutional ele-
ment of the logistics infrastructure of the international Trans-
Caspian transport route is a complex process that involves
identifying and optimising the costs of transporting cargo
through this route, as well as interacting with the institutional
structures that regulate and ensure the functioning of the
logistics infrastructure. The costs for companies to use the
Trans-Caspian transport route include freight transport costs,
customs duties, cargo insurance, and other operational costs.
Effective management of these costs requires not only opti-
mization of logistics processes, but also interaction with
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institutional elements of logistics infrastructure, such as
ports, railway and road transport companies, customs ser-
vices and other participants in the logistics chain. The institu-
tional elements of the logistics infrastructure of the interna-
tional Trans-Caspian transport route play a key role in ensur-
ing the effective functioning of this route. These elements
include laws, regulations, rules and procedures governing
transport operations, customs clearance, cargo security and
other aspects of logistics activities.

The interaction between transport companies and the in-
stitutional element of logistics infrastructure on the example
of the international Trans-Caspian transport route is a com-
plex process involving the coordination of private and public
actors to ensure the efficient transport of goods through this
route. Transport companies act as the key players responsible
for organizing and executing transport, while institutional
elements of logistics infrastructure, such as ports, railway
and road transport companies, customs services and others,
provide the necessary infrastructure and services to support
this process [6]. Effective interaction between transport com-
panies and institutional elements of logistics infrastructure
requires consideration of various aspects, including route
optimization, coordination of schedules, cargo security and
customs formalities. In addition, economic, legal and regula-
tory aspects need to be considered in order to ensure con-
sistency among all participants and minimize risks and costs.

Public elements of logistics infrastructure play a key role
in ensuring the stability and reliability of cargo transport via
the Trans-Caspian transport route. They provide necessary
services, regulate the activities of participants and contribute
to the reduction of administrative barriers for more efficient
functioning of the international logistics chain. Thus, the
interaction of transport companies with the institutional ele-
ment of logistics infrastructure on the Trans-Caspian
transport route is a complex process that requires careful
planning, coordination and management to ensure the effi-
cient and safe transport of goods through the route.

The interaction of transport companies with the scientific
element of the logistics infrastructure on the international
Trans-Caspian transport route is a complex mechanism based
on the principles of joint work and integration of various
components to ensure the efficient transport of goods.
Transport companies play a key role in the organization and
execution of transport via the Trans-Caspian transport route,
coordinating the various stages of transport, from planning
and management to physical delivery of cargo. They have
expertise in logistics and transportation, which enables them
to optimize routes, select the most appropriate modes of
transport and ensure reliable delivery [7]. Scientific elements
of logistics infrastructure, in turn, are a set of innovative
technologies, methods and approaches aimed at optimizing
transportation processes and improving the efficiency of
logistics operations. These elements include the use of mod-
ern information systems, analytical tools, automated pro-
cesses and other scientific and technological developments to
improve productivity and service quality.

The interaction of transport companies with the regulato-
ry element (including accounting and legal support) of the
logistics infrastructure on the international Trans-Caspian
transport route is a complex and important process based on
joint work and harmonization of various aspects of activities.
Transport companies involved in organizing transport via the
Trans-Caspian transport route face a variety of regulatory
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issues, including tax legislation, customs procedures, interna-
tional trade rules and other aspects requiring accounting and
legal support.

The interaction of transport companies with the technical
element of the logistics infrastructure on the international
Trans-Caspian transport route represents a key aspect in
ensuring the efficiency and reliability of transport through
this route. Technical support and the development of mean-
ingful technical solutions play an important role in optimiz-
ing transport processes, increasing cargo security and im-
proving the overall performance of the logistics system [8].
Technical support includes support and maintenance of
transport equipment, use of advanced technologies in the
field of transportation and cargo monitoring, as well as de-
velopment and implementation of innovative solutions to
optimize logistics processes. This allows to improve the
efficiency of resource utilization, reduce time costs of trans-
portation and improve the quality of customer service.

3. Results and discussion

The development of significant technical solutions is
aimed at improving transport infrastructure, including tech-
nical means of transport, cargo monitoring and management
systems, and communication technologies. These solutions
contribute to increasing route capacity, reducing cargo deliv-
ery time and improving the overall competitiveness of the
logistics system. Thus, interaction of transport companies
with the technical element of logistics infrastructure on the
Trans- Caspian transport route is a necessary condition for
ensuring the efficiency and reliability of international
transport. Technical support and development of innovative
technical solutions play an important role in optimizing lo-
gistics processes and ensuring a high level of service for
customers, contributing to the development of the Trans-
Caspian transport route as a key element of global logistics.
In the next paragraph we will present the data of correlation
and regression analysis to determine the peculiarities of in-
teraction of these elements with the volume of traffic on the
Kazakhstan section of the TITR.

Correlation and regression analysis allow us to identify
and assess the impact of various factors on the volume of
traffic along the Trans-Caspian international transport route,
which can be useful for optimizing logistics processes and
improving the efficiency of this transport direction. Let us
present the correlation-regression analysis of the presented
data. Initiative matrix for the production of the analysis is
presented in Table 1.

Table 1. Initiative matrix for analysis production

Period Y X1 X2 X3 X4 X5
transport | Institu- = Public Research Regula- = Tech-
volume = tional ele- | element tory nical
element = ment element = element
2014 2.8 8.63 4.93 1.36 6.54 1.97
2015 34 10.39 5.72 1.43 7.29 2.26
2016 4.1 9.44 5.54 1.47 6.97 2.17
2017 9.0 6.35 3.96 1.15 4.96 1.57
2018 15.0 4.87 2.81 0.85 3.46 1.10
2019 26.0 7.39 4.53 1.38 5.32 2.01
2020 21.0 7.59 423 1.24 4.88 2.00
2021 25.3 7.18 4.62 1.43 5.30 2.14
2022 33.6 8.01 4.30 1.12 5.18 211
2023 36.9 8.73 5.44 1.75 6.94 2.83

Note - compiled by the author on the basis of the source [9]
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According to Table 1, the period of analysis covers 10
years from 2014 to 2023. The multiple regression equation
can be represented as (formula 1):

Y=, X)+¢ (1)

where X = X(X1, X2, ..., Xm) - is a vector of independent
(explanatory) variables; B - vector of parameters (to be de-
termined);

€ - random error (deviation);

Y-dependent (explained) variable.

The theoretical linear multiple regression equation has
the form presented in formula 2:

Y= Bo+ B1X1+ ]32)(2+ ot Bmxm+ € (2)

B0 is the free term that determines the value of Y when
all explanatory variables Xj are 0. The regression equation
(estimation of the regression equation) in standard form is as
follows:

Y=31.2006-6.9541X;+0.8632X2+38.8395X3+.1116X 4+
58.245Xs ©)

Interpretation of regression coefficients. The constant es-
timates the aggregate effect of factors other than xi account-
ed for in the model on the outcome Y and means that Y
would have been 31.2006 in the absence of xi. The coeffi-
cient bl indicates that as x1 increases by 1, Y increases by
6.9541. The coefficient b2 indicates that as x2 increases by 1,
Y increases by 0.8632. The coefficient b3 indicates that as x3
increases by 1, Y increases by 38.8395. The coefficient b4
indicates that as x4 increases by 1, Y increases by 5.1116.
The coefficient b5 indicates that as x5 increases by 1, Y
increases by 58.245. To estimate the correlation equation, let
us determine the dynamics of the paired correlation coeffi-
cients.

Pairwise correlation is an important statistical tool for es-
timating the regression equation. It measures the degree of
linear relationship between two variables, which allows us to
determine how much one variable change when the other
variable changes. Pairwise correlation is usually expressed
by the Pearson correlation coefficient, which can take values
from -1 to 1. When we build a regression model, pairwise
correlation helps us understand which variables should be
included in the regression equation. If two variables have a
high positive correlation, this may indicate that they are
related and may influence each other. In such a case, includ-
ing both variables in the regression model may lead to multi-
collinearity.

On the other hand, if the variables have low or negative
correlation, it may mean that they are independent of each
other and including both variables in the regression model
may be more appropriate to explain the variability of the
dependent variable. Thus, pairwise correlation plays an im-
portant role in selecting variables to construct the regression
equation, helping researchers to determine the best combina-
tion of predictors to explain the variability of the dependent
variable and create a more accurate and interpretable model.
The significance of correlation coefficients is presented in
Table 2.

According to Table 2, the value of correlation coeffi-
cients indicates the presence of relationship between the
variables.
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Table 2. Value of correlation coefficients

Signsx  Yxi  _ XX Yyi | __ XY Yxi*yi _ Lty
andy T YT YT
1 2 3 4 5 6 7

Foryand 7858 7.858 177.1 17.71 | 1352.851 135.285
For))(/land 46.08 4.608 177.1 17.71 802.468 80.247
For))(/zand 1318 1318 1771 17.71 238.103 23.81
For))(/3and 56.84 5.684 1771 1771 973.239 97.324
For))(/4and 20.16 2016 1771 17.71 376.452 37.645
For ii and 46.08 4.608 7858 7.858 373.793 37.379
For :((f and 13.18 1.318 7858 7.858 106.039 10.604
For :((j and 56.84 5.684 78,58 7.858 462.812 46.281
For ))Z and 20.16 2.016 78.58 7.858 163.3 16.33
For ij and 13.18 1.318 46.08 4.608 62.41 6.241
For ;((z and 56.84 5.684 46.08 4.608 271.175 27.117
For :((z and 20.16 2.016 46.08 4.608 95.89 9.589
For )): and 56.84 5.684 13.18 1.318 77.128 7.713
For ))Z and 20.16 2.016 13.18 1.318 27.471 2.747
For ;((i and 20.16 2.016 56.84 5.684 118.443 11.844

Xs
Note - compiled by the author on the basis of the source [9]

Analysis of variance and standard deviations play an
important role in evaluating the regression equation and
determining its quality. When building a regression model,
we aim to find the equation that best explains the variability
in the dependent variable based on the independent varia-
bles. Analysis of variance helps us to assess how well the
regression equation fits the data by comparing actual obser-
vations with the predicted values of the model. The stand-
ard deviation (sum of squares of the residuals) is a measure
of the difference between the actual values of the dependent
variable and their predicted values from the regression
equation. The smaller the standard deviation, the closer the
predicted values are to the actual values, indicating a better
model fit.

Analysis of variance allows the total variability in the
data to be estimated and divided into explained and unex-
plained parts. Explained variance is related to the effect of
independent variables on the dependent variable through
the regression equation, while unexplained variance re-
flects random variability in the data. As the level of ex-
plained variance increases, we get a better fit of the re-
gression model to the initial data. Thus, analysis of vari-
ance and standard deviations help researchers assess the
quality of the regression model, identify the significance
of the influence of independent variables and determine
how well the model fits the data, which is important for
making informed decisions based on the results of regres-
sion analysis.

In Table 3, we present the matrix of pairwise correlation
coefficients R:
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Table 3. Matrix of paired correlation coefficients R

X2 X3

0.1683

Xq
0.2412
0.9435

X5
0.3786
0.7694
0.853

y X1

1 0.2158 | 0.1369
0.2158 1 0.9512  0.7176
0.1369 | 0.9512 1 0.8808 0.9773
0.1683 0.7176 0.8808 1 0.8346 0.9165
Xs 02412 1 0.9435 0.9773 0.8346 1 0.7884
xs 0.3786 0.7694 0.853 0.9165 0.7884 1
Note - compiled by the author on the basis of the source [9]

X1
X2
X3

According to Table 3, the matrix of paired correlation co-
efficients R indicates that there is a definite linear relation-
ship between the variables.

According to the presented analysis, the value of the
standard error coefficient is within the acceptable values of
less than 20%, which indicates the relevance of the con-
structed regression equation.

The elasticity coefficient is an important measure in
econometrics and statistics used to estimate the regression
equation. It represents the relative change in the dependent
variable in response to an absolute change in the independent
variable. The elasticity coefficient measures the sensitivity of
the dependent variable to changes in the independent varia-
ble. Formally, the elasticity coefficient is defined as the de-
rivative of the logarithm of the dependent variable by the
logarithm of the independent variable. This approach allows
us to consider the percentage change in the variables rather
than just their absolute changes, which makes the interpreta-
tion of the coefficient more convenient and intuitive. The
elasticity coefficient can be positive, negative or zero, indi-
cating varying degrees of relationship between variables. A
positive coefficient means a direct relationship between vari-
ables (an increase in one variable leads to an increase in
another), a negative coefficient means an inverse relationship
(an increase in one variable leads to a decrease in another),
and zero means no relationship.

Let us present the elasticity coefficient analysis matrix in
the following Table 4.

Table 4. Matrix of elasticity coefficient analysis

Ratio index = Significance ' Interpretation

E1l 3.86% The effect on the resultant attribute is significant.
E2 0.225%  The effect on the resultant trait is not significant.
E3 2.89% The effect on the resultant attribute is significant.
Eq 1.641%  The effect on the resultant attribute is significant.
Es 6.63% The effect on the resultant attribute is significant.

Note - compiled by the author on the basis of the source [9]

According to the analysis presented in Table 4, 4 out of 5
analysed factors have a significant impact on the resulting
trait, as the value of the obtained elasticity coefficients ex-
ceeds 1%.

To assess the degree of influence of logistics infrastruc-
ture elements on the volume of freight traffic, we calculated
the elasticity coefficient, according to which 4 out of 5
elements of logistics infrastructure have a significant impact
on the volume of traffic on the Kazakhstan section of the
route. The influence of the public element on the volume of
traffic is the most insignificant. The matrix of pair correlation
coefficients R confirms the statistical significance of the
analysis, as there is a non-linear relationship between the
coefficients [10].
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Tpanckacnuii KeJiik 0arbIThI O0OMbIHIIA Ka3akcTan
Pecny0iMKacbIHBIH TPAH3UTTIK dJjieyeTi GaKTOPJIAPBIH TAJNAAy

XK.M. Trim6aeBa, H. K. Tonksin6ex”, JI.H. Ceitnxan
Satbayev University, Arvamoi, Kazaxcman
*Koppecnonoenyus ywin asmop: n.tolkynbek@satbayev.university

Anpaarna. Ocel Makanana TpaHckacTinit KeJTik 6areITel OOMBIHINA TPAH3UTTIK TACKIMAJIAPAbl JAMBITYFa eNeyJli 9cep eTeTiH
tdaxropmap 3eprreneni. Kazipri yakeirra Kaszakcranm PecnyOmmkacet Keitaii men Eypoma apacbiHmarbl TYHICKEH Kepie
Eypasusiniblk KeHICTIK imIiHAeri KeJiK JKOJJapblH JaMbITYIbIH aidKbIHAAyIIbl (akTopiaapblHbIH OipiHe aiHamyma. EADO
ayMarbl apKbUIBI €HIIK JKOHE MEpHUIMaHIBIK XanbIKapaiblk kemik pamizaepi (KKM) — "Iersic — bateic" xone "ConrycTik —
OHTYCTIK"OaFBITTApBIHAAFEl MapUIpyTTap ©Tedi. AWMAaKTHIH reorpadusachl 9PTYPIIi KOJiK TYpJepiH OipiKTipe OTBHIPHIN, TEK
KYPJIBIK, JKOJIJapbIMEH JIe, MYJIBTHMOIalIb/Ibl XKOJIJapMEH JIe KEeTKi3yre MyMKIHAIK Oepei. 3epTTey amiblK Ke3/epAeH ajlbIHFaH
MOJIIMETTEpre HETI3AENIeH KOPPesIUsUIBIK-PErPECCHUIBIK TalJay/ibl KOJJaHy apKblIbl XKYPri3uimi. AJBIHFaH HOTHXEJIep
KazakcTanna TpaH3WTTIK TachIMalgap/Abl JaMBITY YIIiH JKarJald >KacalThIH HEFYPIIBIM MaHbI3IbI (pakTopiap/abl aHBIKTAayFa
MYMKIHIIK Oep/i.

Hezizzi co30ep: konik mapuwipymol, UHCMUMYYUOHANOBIK JJEMEHM, KOSAMObIK 9JNEMEHM, &bUIbIMU KOMHOHEHM,
XAnbIKAPAnblK ACYK MaACbIMaioay, WbleblHOAp.
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AHaau3 GakTopoB TPAH3UTHOIO NMorteHnuaga Pecnyosmku Kazaxcran
1o TpaHCKaCHUHCKOMY TPAHCIIOPTHOMY MAPLIPYTY

XK. M. Teimbaesa, H. K. Tonksntex”, JI.H. Ceitnxan
Satbayev University, Awmamei, Kazaxcman
*Aemop ons koppecnonoenyuu: N.tolkynbek@satbayev.university

AHHoTanus. B HacTosmeH craTbe nccnenyroTest GakTopsl, OKAa3bIBAIOIINE 3HAYNTEIBHOE BIHMSHUE HAa Pa3BUTUE TPaH3WT-
HBIX TIEPEBO30K 10 TpaHCKacTIMHACKOMY TpaHCIIOPTHOMY MapmipyTy. B Hactosiiee Bpems PecyOnmka Kazaxcran cranoButes
OJTHUM M3 ONPEACNAIMNX (aKTOpOB pa3BUTUS TPAHCIIOPTHBIX IMyTel BHYTpH EBpasmiickoro mpocTpaHCTBa Ha CTBIKE MEXITY
Kuraem u EBponoii. Ilo Teppuropun EADC mponeraror mupoTHBIE W MEPUANOHAIBHBIE MEXIyHApPOIAHBIE TPAHCIIOPTHEIC
kopunopsl (MTK) — mapmpyter B HanpaBneHnn «Boctok — 3amag» u «CeBep — FOr». ['eorpadust pernona mo3BoisieT ocy-
IIECTBIISITh JOCTABKY KaK MCKJIIOYHMTENILHO CYXOITYTHBIMH CIoco0aMH, Tak U MYJIbTUMOJAIBHBIMH, KOMOMHUPYS pa3iIMyHbIC
BUIBI TpaHcTopTa. MccnenoBanue ObLIO IPOBEJEHO C NMPUMEHEHHEM KOPPEISALHOHHO-PErPECCHOHHOTO aHAIN3a Ha OCHOBE
JAHHBIX C OTKPBITHIX UCTOYHUKOB. [loiTydeHHbIE Pe3ysbTaThl TO3BOJIMIIM OIPEACINTh Hanbosee 3HaYMMble (AaKTOPbI, Pa3BU-
THE KOTOPBIX CO3/IayT YCIOBHS [l Pa3BUTHUS TPAH3UTHBIX NepeBo3ok B Kazaxcrane.

Knioueevie cnosa: mpancnopmuulii Mapuipym, uHCMUmMYyYUOHAIbHbIIL dJIeMEHm, NYOIUYHbILL S1eMeHm, HAYUHAS COCMAGI-
1owas, MexicOyHapooOHvle 2py30nepeso3Ku, 3ampamol.
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