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Abstract. This article develops a fragmented approach to the study of changes in the
dynamics of the main indicators of transport development on freight transportation in
Kazakhstan. Its novelty and originality lies in the fact that the most pronounced indicators, such
as rail, road and pipeline transport, were assessed using methods of multivariate regression
analysis; a new regression equation was built; intervals of parameters of multiple regression were
determined and modern mathematical software of the application software package, focused on
the processing of statistical materials was used. Moreover, the results of research on transport
logistics development indicators for freight transportation in Kazakhstan (billion tonnes/km) for
2016-2021, a schedule for calculating the parameters of the dynamic series, as well as
econometric analysis of autocorrelation coefficients of freight turnover of the Republic of
Kazakhstan are presented.

The relevance of this article lies in the fact that the statistical data on the above indicators
and their calculations using a mathematical apparatus have been investigated in Kazakhstan for
the first time.

The distribution of regional transport in terms of volume of traffic is shown in an
expanded form. On the basis of the statistical data, a trend line of freight turnover corresponding
to logarithmic approximation is constructed. All statistical data as well as determination
coefficients by modes of transport and freight turnover are ranked in ascending order.

In this paper, a detailed econometric analysis was carried out by mode of transport and
freight turnover in Kazakhstan, using mathematical methods and the EXCEL application
software package.

Keywords. Regional transport distribution, regression coefficients and regression matrix,
autocorrelations of freight turnover, statistical data.

Introduction.

Since 2010, Kazakhstan has become a leader in trade and logistics operations, developing
the G-Global platform and reviving the New Silk Road program, thereby defining its economic
direction and positioning itself as a business hub for the entire Central Asian region.

In today's world, logistics is an integrated package that provides the necessary quantity
and quality of services, as well as ensuring the smooth transportation of goods and cargo to any
region or country over any distance. The first annual Silk Road International Transport and
Logistics Business Forum were launched in 2011. All the leaders of the world's countries
professionally involved in transport logistics have met during this event. The event has become a
platform for discussing transport logistics issues, bringing government and business together,
and developing a platform for developing joint projects.

The annual forum takes place within the framework of the Eurasian space, discussing
new multimodal freight transport routes and the comprehensive development of international
transport corridors to enhance the transport logistics market.
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At the annual forum, Kazakhstan's intention to establish the Coordination Council for the
Development of the China - Customs Union - Europe Silk Road Transport Corridor and the
Coordination Council for the Development of the Uzen - Bereket - Gorgan Transport Corridor
was proposed [1]. This event was a pioneer in the field of logistics at the global level, where
supply chain management issues began to be addressed among CIS countries and Kazakhstan. In
this regard, Kazakhstan has begun a comprehensive capacity-building effort in transport services
and communications. Above all, this was reflected in shorter transport times, reduced regional
transport costs, improved freight efficiency, optimized tariffs and the safety of cargo to the last
point of arrival. All these procedures have become an integral part of the overall logistics system
and an important factor in the training of a new quality staff to ensure that transport logistics are
fully operational. In Kazakhstan, 70 % of the total amount of all transport traffic is transported
via rail, both to domestic and foreign markets.

Materials and methods.

This paper uses statistical data for the analysis of econometric coefficients and study of
changes in the dynamics of the main indicators of transport logistics development in Kazakhstan
(billion t/km) for 2016-2021. The notations for cargo turnover of all modes of transport are
introduced for the parameters of road and urban electric* (X1), railway (X2), pipeline (X3), air
(X4), sea (X5) and inland waterway (X6) transport parameters (see Table 2). These indicators
are among the main types of transport logistics. [5]

Table 1 - The main indicators of the development of transport for the transportation of
goods of the Republic of Kazakhstan (billion tons/km) for 2016-2021

Years 2016 2017 2018 2019 2020 2021
Total including: 32318 35080 37498 37338 B7292 39461
By road and 27184 29834 31291 (31740 3180,7 33223
the city's electrical

by rail 294,8 293,7 390,7 341,4 338,9 387,2
by pipeline 213,2 2259 225,0 214,6 205,8 232,8
by air 22,0 23,9 19,1 17,2 18,0 22,5
by the sea 4,0 4,0 3,6 2,5 2,6 2,1
Inland water 1,3 1,1 1,3 1,2 1,2 1,6
Note: Compiled by the authors on the basis of data from [5]

Table 1 shows that in 2020 alone there was a slight decline in freight traffic from 3,733.8
million tons in 2019 to 3,729.2 million tons in 2020. In 2021, the increase in freight volumes
increased to 3,946.1 million tons and was the highest significance in the last 6 years. This
increase is justified by the fact that the volume of transit shipments has increased and export
shipments to the country have risen. In the presence of the pandemic and crisis of many
economies, transport logistics play an important role in overcoming protracted problems and
stabilizing the economy.

According to the Statistics Agency of the Republic of Kazakhstan, this is 4.1% less than
the result for the same period of 2019. The percentage of rail transport in total freight turnover
was 38.10%, the percentage of road transport was 33.91%, the percentage of pipeline transport
was 27.33%, other modes of transport (air, river, sea) were 0.66%. In spite of this, new TLCs
will appear on the economic map of Kazakhstan one way or another. Here it will only be
necessary to deal with the issues of giving priority to which classes of terminals and what will be
an important argument in determining the locations of logistics facilities. [6]
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Table 2 - Cargo turnover of all types of transport of the Republic of Kazakhstan (million
tons/km) for 2016-2021

The Road and urbanPipework Air, million Maritime Inner water
railway [electric vehicles tonnes/k m
(X1) (X2) (X3) (X4) (X5) (X6)

2016 235,9 132,3 106,9 59,5 2,8 0,06

2017 231,3 145,3 116,0 63,1 2,7 0,03

2018 280,7 155,7 116,0 49,3 2,5 0,03

2019 267,4 161,9 115,4 42,7 1,6 0,03

2020 239,0 163,3 114,5 42,9 1,8 0,02

2021 266,6 166,1 166,1 53,8 1,6 0,03

Note: Compiled by the authors on the basis of data from [5]
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Figure 1 - Freight transport by all modes of transport in Kazakhstan (million t/km) for 2016-
2021

Figure 1 shows the graph for calculating the parameters of the dynamic series from Table
2 shows that the correlation is r, . =0,9663 , and the constructed line of the trend corresponds

to a logarithmic approximation with an equal Y =-161In( X)+277,9. Coefficient of
Determination equal to R? =0,9871= 0.98 or 98%.
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Figure 2 - Cargo turnover of all modes of transport in Kazakhstan (million t/km) for 2016-2021
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Table 3 -Correlation matrix of cargo turnover of all types of transport Republic of
Kazakhstan (million tons/km) for 2016-2021

Y X1 X2 X3 X4 X5 X6
Y 1
X1 0,424155 1
X2 0,94256 0,564354 |1
X3 0,718269 |0,37285 0,555192 1
X4 -0,60352  -0,48801  -0,72645 [0,04981 11
X5 -0,91477  -0,41413  -0,89314 |0,54783 |0,730101 1
X6 -0,70421  -0,2722 -0,84016  0,26214 0,549782  0,591506 1

When n=6, the theoretical correlation matrix of the sequence X1, X2,..X6 is a Laurent
matrix. The elements located on the main diagonal going from "northwest and southeast” are
equal to each other. From the non-negative definiteness of the Laurent matrix follows certain
conditions for the compatibility of the autocorrelation coefficients. In this case, the Laurent
matrix is symmetric with respect to the main diagonal X11 =Xz, =... =Xgs=1. [6]

Using Table 2 and analysis of variance investigated:

- first, a ranking of freight traffic of all modes of transport in Kazakhstan (million t/km),
for the period 2016 to 2021, and factors by degree of impact on total freight turnover;

- secondly, to estimate the percentage increase in freight volume with a deviation of one
of the rail, road and urban electric, pipeline, air, sea and inland waterway transport factors.

Here it is necessary to emphasise the dependence of the factors, which are presented in
quantitative terms in tables, and, of course, the analysis of variance that can be carried out. In
this case we are dealing with one- or two- and multivariate analysis of variance. [7]

It should be noted, that analysis of variance acts as the main and practically visible
approach in both regression and discriminant and cluster analysis. In short, virtually all statistics
essentially use this approach in analysis.

The calculation of the data below is carried out with the Data Analysis application
package on EXCEL.
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Table 4 - One-factor analysis of variance

The Bulletin of KazATC
DOI 10.52167/1609-1817

TOTALS
Groups Account |Amount Average Dispersion
Column 1 6 12087 2014,5 3,5
Column 2 6 1520,9 253,4833 423,5016
Column 3 6 024,6 154,1 168,944
Column 4 6 734,9 122,4833 468,6456
Column 5 6 311,3 51,8833 71,8416
Column 6 6 13 2,1666 0,3146
Column 7 6 0,2 0,0333 0,0001
Analysis of variance
Source of SS df MS F P- F
variations Value critical
Between the groups 19195187,48 6 3199197,914 [19700,3982 3,19091E60
Within groups  5683,7392 35 162,3925
Total 19200871,22 41

Linear regression analysis is used to describe the relationship between the factors and the
dependence of the values on each other. Through this analysis, the GDP of any country can be
found as a function of the average wage of workers, world prices of petroleum products and the
dollar exchange rate. In addition, a linear regression analysis can be used to find the connection
between the weather and the number of visitors, as well as to predict the number of customers,
which will depend on the size of the advertising budget.

All of the above phenomena can initially be solved with multivariate regression analysis.
Let us use a concrete example to show the possibilities of regression analysis. In our case a
multivariate regression of road (X1), rail (X2) and pipeline (X3) transport.

As a result of the calculation, estimates were obtained (Table 5): Multiple coefficient
R=0.9830 and R-squared=0.9663, normalised R? =0.9157, standard error=0.5429 with number of
observations n=6.

Table 5 - Regression of road rail and pipeline transport in the Republic of Kazakhstan for
2016 to 2021

CONCLUSION TOTAL
Regression Statistics
Multiple R

0,9830
R-square 0,963
Standardised R-square

0,9157
Standard error

0,5429
Observations 6
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Analysis of variance

df SS MS F Significance of
F

Regression 3 16,9104 5,6368 19,1207 |0,0501
Remainder 2 0,5895 0,2948
Total 5 17,5

Ratio tents Standard error [t- Statistics  |P- Lower 95% Top 95%

Value

Y- 2,823E-
Crossing 1996,0471 [3,3537 595,1686 06 1981,617 (10,4771
Variable X 1

-0,0167 0,0143 -1,1669 0,3635 [0,0784 0,04493
Variable 0,1268 0,0253 5,0051 0,0178 0,2358
X2 0,0376
Variable X 3

0,0257 0,0135 1,9004 0,1977  0,0325 0,0839

The results of calculation of multiple regression parameters of railway, road and pipeline
transport of the Republic of Kazakhstan for 2016-2021 were obtained: multiple correlation
coefficient R=0.9830 and R? - square of correlation coefficient =0.9663, normalized coefficient
R? =0.9157, standard error=0.5429, Fisher F-criteria F=19.12075, &> - residual variance &° =
$S=0.5895.

The parameters of the regression equation are also as follows: Coefficient values a=-
0.01674, b=0.12683, c=0.02572. Then the regression equation can be written as follows:

Y=-0,01674+0,12683X2+0,02572X3.

Standard error: m, =0,01434, my =0,02534, m. =0,01353. Confidence t-statistics
intervals: ta =-1,16690, t, = 5,0051, t. =1,90045.

The confidence probability of the above equation is P=0.95 and estimates of the
regression parameters are determined in the intervals Yamin =-0,078, Yamax =0,0449  ybmin =0,017
Ybmax =0,2358  yemin = -0,032  yemax =0,0839., then the confidence intervals of the regression
parameters are -0.078 < a < 0.0449, 0.017 < b < 0.2358, -0.032 < ¢ < 0.0839.

The application of this multivariate analysis of variance for rail, road and pipeline freight
and turnover is an innovative calculation method on which the correctness of established
logistics routes in Kazakhstan depends.

Results and discussion.

At present, Kazakhstan Temir Zholy JSC manages transportation in the sea port of Aktau,
as well as controlling cargo deliveries through a number of major terminals in airports across
the country and road terminal complexes. The logistics services market has only recently found
its niche in Kazakhstan, although in the context of integration and globalization, logistics has a
key role to play in developing the industrial side of the country. One way or another, all cargo
shipments coming into Kazakhstan and vice versa from Kazakhstan to other countries depend on
properly set up logistics routes.

The plan is to create an intelligent transport system by using digital technology to create
integrated, targeted and measurable communication that helps to acquire and retain customers by
building deeper relationships with them [2].
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The implementation of ITS will help to solve a plethora of problems in Kazakhstan,
namely [3]:

- to increase the transit capacity of the country through TC management (i.e. to
optimize the route of the transit route, to plan the traffic flow in compliance with the established
service standards and rules, to establish normalized times for transit flows within the country, to
consolidate the on-board equipment that is necessary for transit transport management;

- strengthen the safety of traffic flows on the roads;

- ensure the management of passenger and freight transport, including dangerous loads;

- improve the level of service and safety of regular passenger transport by automating
the transport control functions in the supply chain;

- speed up the response and improve the efficiency of all transport services.

In recent years, the market for transport services in Kazakhstan has become much more
complex, because all segments of the transport process and logistics in general have started to
integrate into one supply chain. Analyzing global trends in transport logistics development, it can
be said that the period of prototyping in relation to unconventional modes of transport and
transportation services is almost over. The commodity market and all kinds of transport services
dictate the country's need to develop a new infrastructure - the transport and logistics
infrastructure, which will create multifunctional terminal and logistics centers (TLCs). The latter
in turn will create an integrated system of interaction, which will lead to the transition of the
profitability point from physical transport processes to the transport-logistics domain. [4]

Conclusion.

As a result of this study, it has been revealed that the transit potential should be considered as a
point of economic growth of the country. In this regard, it is first necessary to improve the
competitiveness and attractiveness of modern efficient transport logistics in Kazakhstan, taking
into account the development of digital technologies. It is also necessary to improve transport
and logistics infrastructure, taking into account the provision of a wide range of services in any
direction. Here it is necessary to consider the competitiveness of tariffs and to create conditions
for further improvement of corridors for transit cargo flows on a permanent basis. In transport
logistic terms of cargo passage and their directions, cost and systematic use of transport
corridors should be clearly defined. In Kazakhstan, as a transit route for many cargoes, it is
necessary to improve management of optimal cargo transportation routes and service conditions,
as well as to develop infrastructure for internal and external cargo transportation.

It should be emphasized that this study has not dealt with all the tasks that need to be
implemented in the near future, taking into account the maximum use of Kazakhstan's transit
potential. If these tasks are implemented in the nearest future, Kazakhstan will significantly
improve its level and benefit from the contribution of transport logistics to the country's
economy.
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KA3ZAKCTAHIAFBI KOJIK JOTMCTUKACBIH KOII OJIIEM/II
CTATUCTUKAJIBIK TAJIJIAY

Anparna. byn makanana Kasakcranja sxyKTep/i TachIMaiiay YUIIH KOJiKTI JaMbITYIbIH
HET13T1 KOPCETKIMTEep TUHAMHKACBIHIAFBI ©3TepiCTepiH 3epTTeyre PparMeHTTI TOCIT d31pJICH/II.
OHBIH JKaHAJIBIFBI MEH O31HJIK epeKIIeNiri-ken OJIIeM/lI PEerpecCUsUIblK Taljgay oSAiCTepiH
KOJIJIaHa OTBIPBIII, TEMIPKOJI, aBTOMOOUIIb, KYOBIP KOJIKTEpPl CUSIKTBI €H allKbIH KOpPCETKIIITEpre
Oara Oepinmi; JKaHa perpeccusi TeHAeyl KypbULABI; KOITIK perpeccus MapaMmeTpiepiHiy
UHTEPBAIIAPHl AHBIKTAIIBl JKOHE CTAaTHCTUKAIBIK MaTepHajiaplbl OHIeyre OaFbITTalFaH
KosijaHOanel  OarjapiaManap TakeTiH 3aMaHayd MaTeMaTHKalbIK KaMTaMmachl3 — eTilyi
Konganeuiael. Conpmaiti-ak, 2016-2021 xeuimapsl Kazakcranma SKyKTepll — TachIMajaay/a
KOJIIKTIK JIOTUCTUKAHBIH JaMbITYJaFrbl KOPCETKIITEpiH (MJpA T/KM) OOWBIHIIA 3epTTeyJepAiH
HOTIDKENIEpl MEH JUHAMHKaIbIK KaTap HapaMeTpiiepiHiH KOepCETKIIITEepiH ecenTey KecTecl
KeNnTipiireH, conpaii-ak KaszakcraH PecnyOuMKachIHBIH JKYK aifHAJIBIMBIHBIH aBTOKOPPEISALUSI
KO3 (PUIIMEHTTEPIHIH IKOHOMETPUKAIBIK TaJI1aybl YChIHBLUIJIBI.

byn wMakanmaHblH = ©3€KTLNIN  JKOFapblAa KOpPCETUIreH KepceTKimTep OoibIHIIA
CTaTUCTHKAIIBIK JIEPEKTEp JKOHE OJIAPJBIH MaTeMaTHKAJIBIK allaparThl MNaiJanaHa OTBIPHII
ecenreyiepi Kazakcranna anramt pet 3epTTeiareHairioie.

OpHanacThIpbUIFAaH TYPJE aMAaKTHIK KOJIKTIH TachIMajjay Kesiemi OoibiHIIA OeiHyi
KkepceTuireH. CTaTUCTUKAJIBIK MAJIIMETTEp HEri3iHae JorapuMIiK *KybIKTayFa ColKec KeleTiH
KYK alHAJBIMBIHBIH TPEHII CBHI3BIFBI KYPBUIIBL. BapiiblK CTaTHCTUKAJIBIK JIEpEeKTep, COHAaN-aK
KOJIIK TypJepi MeH YK alHaJIbIMbI OOMBIHINIA JeTepMUHAINA KOXPPUIMEHTTEPIHIH 6Cy peTiMeH
capaJiaHFaH.

byn xymbicta Mmatematukanslk omictep MeH EXCEL konmanGanbl Oarmapiamanap
MakeTiH KOoJiJaHa OTHIpbIN, Ka3akCTaHHBIH KOJIK JXOHE JKYK aWHaIbIMbl TYpiepi OoWbIHIIA
erKe-TerKeisi 5KOHOMETPUKAJIBIK TaJjay >KYpri3iii.

Tyiiinai ce3nep. ANHMakTBIK KOJIKTIH Tapalybl, perpeccus Kod(pQHUIMEHTTepi MeH
MaTPHIIACHI, YK alfHATBIMBIHBIH aBTOKOPPEIISIHSCH, CTATUCTUKAIIBIK MATIMETTEP.

Kaiibip:xkan Ka3z0exoBa, k.3.H., no1eHT, Ka3zaxckuii HalMOHAJIbHBIA YHUBEPCUTET HM.
anp-dapabu, Anmarsl, Kazaxcran, kazbekova kairzhan@mail.ru

HNnxom VYmapos, maructp, crapumii mnpenojaBarenb, Ka3zaxckuil HallMOHAIBHBIN
yHHBepCHTET M. anb-Dapabu, Anmarsl, Kazaxcran, rilyas@mail.ru
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MHOI'OMEPHBIN CTATUCTUYECKHI AHAJIN3
TPAHCIIOPTHOM JIOTUCTUKHA B KABAXCTAHE

AHHOTauus. B nanHoii cTatbe pa3paboTaH (pparMeHTaNbHBIN MOIX0 K UCCIEIOBAHUIO
M3MEHEHUN TUHAMHKU OCHOBHBIX IOKa3aTesiel pa3BUTHUS TPAHCIIOPTA MO MEePeBO3KaM Irpy30B IO
Kazaxcrany. Ero HOBM3HAa M OpUTMHAJIBHOCTH COCTOMT B TOM, YTO ObUIa IOJy4€HA OIICHKA
Haubosee BBIPAXKEHHBIX IOKa3aTeleil, TaKux KakK >KeJIe3HOJOPOXKHBIN, aBTOMOOWIbHBIH,
TpyOOINPOBOHBIN TPAHCIIOPTOB, C IOMOIIBI0 METOJI0B MHOIOMEPHOI'O PETPECCUOHHOTO aHAIMN3a;
MOCTPOCHO HOBOE YPABHEHUE PETPECCHH; ONPEAETICHbl MHTEPBAJIBI TAPaMETPOB MHOKECTBEHHOMN
perpeccuu M MCIOJIB30BAaHO COBPEMEHHOE MaTreMaThdeckoe oOecreueHHe MaKeTa MPHKIATHBIX
nporpaMM, OPHEHTHPOBAHHBIX Ha OOpabOTKYy CTAaTUCTHUECKUX MaTepualioB. A Takxke,
IPEJICTaBICHbl PE3YyJbTaThl HCCIENOBAaHUN IO T[OKa3aTelsM pa3BUTUS  TPAHCHOPTHOM
JIOTUCTUKHU TI0 TPaHCIIOPTUPOBKE rpy30B B Kazaxcrane (Mipnx 1/xkm) 3a 2016-2021 rr., rpaduk
pacuera Inokasareseil mapaMeTpoB JUHAMHUYECKOIO psja, a TaKKe SKOHOMETPUYECKUM aHalu3
K02 UIIMEHTOB aBTOKOppenanuu rpy3oodopota Pecriybnuku Kazaxcran.

AKTyaJlbHOCTh JAHHOH CTAaThbU 3aKJIIOYAETCS B TOM, YTO CTATUCKTUYECKUE JAHHBIE I10
BBIIIIEYKA3aHHBIM TOKA3aTeNsIM M UX pPacyeThl C HCIOJIb30BAHMEM MaTeMaTH4ecKOro amapara
BIIEpBBIE UcciieoBaHbl B Kasaxcrane.

B pa3BepHyTOM BHI€ MTOKa3aHO pacipeie]ieHHe PerMOHAIbHOIO Tpaclopra no oobeMam
nepeBo3ok. Ha OcCHOBE CTaTMCTHYECKMX AAHHBIX IMOCTPOEHA JIMHUS TpEeHJa Tpy30000poTa,
COOTBETCTBYIOIIAs Jiorapu(MUUECKOMY amInpokcuMmaluioo. Bce craTucTuyeckue naHHBIE, a
TaKkke KO3QPUIUEHTHI AETEPMUHALIMM IO BHJAM TPAHCIOpPTa U Ipy30000poTa paHKHPOBAHBI B
BO3pacTAOIEM HOPSIKE.

B nanno#t pabote ObLT MpoBeeH MOAPOOHBIN IKOHOMETPUUECKHM aHajdu3 M0 BHUAAM
TpaHcnopTa U rpy3oobopora Kazaxcrana ¢ mpuMeHEeHHEM MaTeMaTHYeCKUX METO/0B U MaKeTa
npukiaaHeix nporpamm EXCEL.

KuroueBbie cioBa. PacnpeneneHne perMoHalbHOIO TpaHCNOpPTa, KO3(Q(ULIUEHTH U
MaTpHIla perpeccuy, aBTOKOPPENIALIUU IPy30000p0OTa, CTATUCTHUECKUE TAaHHBIE.
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