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MODELLING TERRITORIAL LOGISTICS BASED
ON ECONOMIC DISTANCE

This article examines methods for modeling territorial logistics using the concept of economic dis-
tance. Logistics plays a key role in the socio-economic development of Kazakhstan by facilitating the
efficient movement of goods and integrating the country into international transport corridors. The study
explores the principles of modeling transport flows by applying models that assess the impact of trans-
port accessibility and infrastructure capacity on the effectiveness of logistics processes.

A comparative analysis was carried out on the Huff Model, the Rayleigh Distribution, and the Modi-
fied Gravity Model across six parameters. Based on a hypothetical example using the Huff and Rayleigh
models, a practical study was conducted for three regions of Kazakhstan’s transport network. As an
example, the transport network of Kazakhstan, including logistics hubs in the cities of Astana, Almaty,
and Karaganda, was examined. The calculations demonstrated that the distribution of cargo turnover is
determined not only by the volume of freight flows but also by economic distance, which reflects the
logistics attractiveness of hubs in regional development.

The practical analysis of Kazakhstan’s transport network shows that hubs with high cargo turnover
located in close proximity to consumer regions possess enhanced logistical attractiveness. This enhances
the significance of economic distance, which combines physical distance and the economic costs of
transport.

Optimizing the territorial logistics infrastructure helps reduce transport costs, improve the efficiency
of freight transport, and facilitate the integration of regions into national and international transport corri-
dors. The models and methods presented in the article can be employed for strategic planning of logistics
processes and the development of effective cargo distribution schemes.

Key words: territorial logistics, economic distance, Huff Model, Rayleigh Model, Modified Gravity
Model, transport accessibility, cargo turnover.
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DKOHOMMKAADIK, KALLIbIKTbIK, HEeri3iHAe
QYMAaKTbIK, AOTMCTUKAHbI MOAEAbAEY

byA Makarnapa 3KOHOMMKAAbIK KAWbIKTbIK, TY>KbIPbIMAAMACbIH KOAAAHA OTbIPbIN, AyMaKTbIK,
AOTUCTMKaHbl  MOAEABAEYAIH ©AiCcTepi  TaaaaHaabl. Aormctmka KasakcCTaHHbIH - 9AeyMeTTik-
3KOHOMMKAABIK, AAMYbIH KOAAQYAQ LEWYLli POA aTKapaAbl, XXYKTIH TMIMAI TaCcbIMaAAaHYbIHA >KoHe
eAAIH XaAbIKAPAAbIK, KOAIK ABAI3AEpiHE MHTerpaumsiCbiHa biknaA eTeai. XyMbICTa KOAIK aFbIHAAPbIH
MOAEAbAEY MPUHLMMTEPI KAPACTbIPblAAAbl, OA APKbIAbl KOAIK MH(PAKYPbIABIMbIHbBIH, KOAXETIMAIAITI
MEH ©TKi3y KabiAeTiHiH AOrMCTMKAABIK, NMPOLECTEPAIH TUIMAIAIriHe acepi 6araraHaAbl.

3epTTey GapbicbiHAa Xadd MoaeAi, PerAn MOAEAT JkoHe MOAMMUKALMSAAAHFAH FPaBUTALIMSIABIK,
MOAEAb aATbl MapameTp GOMbIHLLA CAAbICTbIPMAAbI TAAAQYFa aAbIHFaH. [MMOTETUKAABIK, MbICAA HETi3iHAE
Xaph xeHe PeiAan MopeAbaepi Yl alMakTbiH (AcTaHa, AAMaTbl >keHe KaparaHAbl KaAaAapblHbIH,
AOTUCTUKAABIK, XKYIMECi) KOAIK XKeAICi YLLIiH MpakTUKaAbIK 3epTTey XKYpridyre nanaasaHbiAAbl. EcenTeyaep
KOPCETKEHAEM, >XYK alHaAbIMbIHbIH GOAIHYI TEK >KYK aFblHAAPbIHbIH KOAEMIHE FaHa €MeC, COHbIMEH
KaTap 3KOHOMMKaAbIK, KALLbIKTbIKKA 6alMAaHbICTbl aHbIKTaAaAbl, OA ayMaKTapAblH AaMyblHa 8Cep eTeTiH
AOTMCTUKAAbIK, XabTapAbIH TapTbIMABIAbIFbIH CUMaTTaNAbI.
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KaszakcraH KOAIK >XeAiCiHAEri NpakTUKaAbIK, TaAAdy KepCeTyi BOWbIHLLA, XKOFapbl XKYK aliHaAbIMbI
6ap >koHe TYTbIHYLLbI aiMaKTapFa TiIKeAeM >KaKblH OPHAAACKaH AOTUCTMKAAbIK, OObEKTIAep XOFapbl AO-
TMCTMKAABIK, TapTbIMABIAbIKKA Me, OYA (M3MKAABIK, apaKalbIKTbIK, MEH TaCbiIMaAAQy LbIFbIHAAPbIH Oi-
PIKTIpeTiH 3KOHOMMKAABIK, KALLbIKTbIK, MapaMeTpiH KyLIenTeAl.

AYMaKTbIK-AOTMCTUKAABIK, MH(PPAKYPbIABIMAbI OHTAMAQHABIPY KOAIK LLUbIFbIHAAPBIH a3aiTbiM, >KYK
TACbIMAAbIHbIH TUIMAIAITIH apTTbIpyFa )K&He alMaKTapAbl YATTbIK XK8He XaAblKapaAblK, KOAIK ABAI3Ae-
piHe MHTerpaumsinayFa bikMmaA eTeai. Makaraaa YCbIHbIAFAH MOAEAbAEP MEH BAICTEP AOTMCTUKAAbIK,
NMPOLECTePAl CTPATErMSABIK, >XKOCMapAay >KoHe TUIMAI XKYK BOAYAI KaMTamacbl3 eTeTiH CXeMaAapAbl
a3ipAeyre apHaAfFaH.

TyiiH ce3aep: ayMaKTbIK, AOTMCTMKA, SKOHOMMKAAbIK, KalIbIKTbIK, Xadd MoaeAi, Peran Moaeai,
MoAMbMKaUuMsIAQHFaH FPaBUTALMSAABIK, MOAEAL, KOAIK KOAXKETIMAIAIT, XXYK aliHaAbIMbI.
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MoaeAnpoBaHue TeppUTOPUAALHOM AOTUCTUKHU
Ha OCHOBEe 3KOHOMMYECKOro pacCTOSIHUS

B AaHHOM cTaTbe paccMaTpUBAIOTCS aHAaAM3 METOAOB MOAEAMPOBAHNS TEPPUTOPUAABLHON AOTUCTU-
KM C MCMOAb30BaHMEM KOHLENLUMN 3KOHOMNYECKOrO PacCTOSAHMS. AOTMCTMKA UTPAET KAIOUYEBYIO POAb B
COLIMAAbHO-3KOHOMMYECKOM pas3BmTmm KasaxcraHa, cnoco6cTyst a(hheKTBHOMY MEePEMELLEHMIO TPY-
30B M MHTErpaLmmn CTpaHbl B MEXXAYHAPOAHbBIE TPAHCMOPTHbIE KOPUAOPbLI. B paboTe paccmatpumBatoTcst
MPUHLMIBI MOAEAMPOBAHMS TPAHCMOPTHBIX MOTOKOB C MPUMEHEHNEM MOAEAEN, MO3BOASIOLLMX OLLEHUTb
BAMSIHME TPAHCMOPTHOM AOCTYMHOCTM U MPOMYCKHOM CMOCOBHOCTU MHGPACTPYKTYPbl Ha 3hdeKkTmB-
HOCTb AOTMCTUYECKMX MPOLLECCOB.

[MpoBeaEH CpaBHUTEAbHbIM aHaAM3 MoaeAn Xadda, Peran n MoandrLMpoBaHHas rpaBUTaLMOH-
Hasi MOAEAb MO WeCTn napameTpam. Ha ocHoBe runoTteTmnyeckoro npumepa MoaeAen Xadda n Peian
MPOBEAEHO MPAKTUUYECKOe MCCAEAOBAHNE AAS TPEX PErMOHOB TPaHCMOPTHOM ceTn KazaxcTaHa. B kave-
CTBe NMpumepa paccMOTPeHa TPAHCMOPTHas ceTb KasaxcraHa, BKAIOYAs AOTUCTUYECKME Y3Abl B TOPOAAX
ActaHa, AAaMaTbl 1 KaparaHaa. PacueTbl nokasaam, 4to pacrpeaseseHne rpy3oo60poTa onpeAeAseTcs
He TOAbKO 0ObemMaMu rpy30MOTOKOB, HO M SKOHOMUYECKMM PAacCTOSIHMEM KaK AOTMCTUYecKasi MpuBAe-
KATEAbHOCTb Y3AOB B Pa3BUTUM TEPPUTOPUIA.

[MpakTnyecknit aHaAn3, NPOBEAEHHDIN HA NpUMepe TPAHCMOPTHOM ceTn KasaxcraHa, AEMOHCTPU-
pYeT, UTO Y3Abl, 06AAAQIOLLME BbICOKUM FPY30060POTOM M HAXOASILLMECS B HEMOCPEACTBEHHOM GAM-
30CTH K NMOTPEOUTEABCKMM PErMoHaM, UMEIOT MOBbILLEHHYIO AOTMCTUYECKYIO NMPUBAEKATEABHOCTb, UTO
YCUAMBAET MapamMeTpbl IKOHOMUUYECKOTO PACCTOSIHMS, KOTOPOE 0ObEAMHSIET (PU3MUECKYIO AUCTAHLMIO
M IKOHOMMYECKME N3AEPXKKM NEePEBO3KM.

OnTrMM3aums TEPPUTOPUAABHO-AOTMCTUYECKON MH(DPACTPYKTYpPbl CMOCOOCTBYET CHUXKEHUIO
TPAHCMOPTHBIX M3AEP>XKeK, NMOBbIWEHNIO 3P(EKTUBHOCTM FPY30MepeBO30K M MHTErpauumn permoHoB B
HaLMOHAAbHbIE M MEXAYHAPOAHbIE TPAHCMOPTHblE KOPUAOPDI. [TpeACTaBAeHHble B CTaTbe MOAEAU U
METOAbBI MOTYT ObITb MCMOAb30BaHbl AASl CTPATEMMYECKOrO MAAHUPOBAHMS AOTMCTUYECKMX MPOLLECCOB U
pa3paboTku 3(hHeKTUBHbIX CXEM IPYy30paACTPEAEAEHMS.

KAtoueBble cAOBa: TeppuTOpPMaAbHasi AOTMCTUKA, SKOHOMMYECKOe PaCCTosiHME, MoAeAb Xadda,
MoAeAb Peran, MoanUUMPOBaHHAS rPaBUTALMOHHAS MOAEAb, TPAHCMOPTHAS AOCTYMHOCTb, FPy300-
60poT.

Introduction

Territorial logistics plays a key role in the socio-
economic development of the region, country, vari-
ous inter-country unions including the entire globe
(Konkova, 2012, Toluev, 2008). Logistics ensures
the efficient movement of goods, services and la-
bour through the development of territorial transport
systems.

Kazakhstan, having a strategic geographical
location, is actively developing its transport and
logistics system, increasing its role in internation-
al transit corridors between Europe and Asia. As
emphasised by the President of Kazakhstan K. J.
Tokayev in his message to the nation, the concept
of full utilization of the potential of the transport
logistics industry and the development of the coun-
try’s logistics complex for the long term is one of
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the key directions of the development strategy until
2030.

The development of the territorial transport sys-
tem of the Republic is based on the transport infra-
structure: an extensive network of roads and rail-
ways, air and sea routes, logistics centers, corridors
and transit at the international level. Kazakhstan’s
transport network plays a key role in ensuring lo-
gistics flows both domestically and internationally.
Over the past 15 years, $35bn has been invested in
transport and logistics, which has contributed to a
significant development of the industry. It is fore-
cast that by 2025 the share of the transport sector in

KAZAKHSTAN: TRANSPORT INFRASTRUCTURE

g
"‘-"]iohs-m.v'\' .t’

the country’s GDP will grow from 6.2% (in 2022)
to 9%.

Kazakhstan has 16,000 km of railways, 94,800
km of roads, 25 airports and major seaports on the
Caspian Sea. A significant role in the transport sys-
tem is played by a 29,000 km pipeline network that
transports oil and gas.

Figure 1 illustrates a map of Kazakhstan’s trans-
port infrastructure, showcasing key highways, rail-
ways, ports, and border crossing points. The coun-
try’s transit potential is expanding due to the use of
Caspian Sea ports, which facilitates Kazakhstan’s
integration into global trade networks.
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Figure 1 — Transport infrastructure of Kazakhstan
Note — Transport and Logistics Industry of Kazakhstan, 2024

Challenges related to transport accessibility,
infrastructure capacity and critical loads on key fa-
cilities keep the logistics system in Kazakhstan ac-
tively developing. The territorial logistics system is
a complex, multi-criteria, multi-level hierarchical
structure. The system is affected by external weath-
er conditions, foreign policy, etc. and, as a rule, the
output parameters of the system randomly depend
on the input parameters, the analysis and study of
which is possible using traffic flow modelling meth-
ods (Tararychkin, 2016).
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This paper considers the key factors and meth-
ods of optimal location of elements of territorial
logistics infrastructure. It analyses the relationship
between the capacity indicators of transport nodes
and their location on the basis of Huff models and
Rayleigh’s law (Kolosov, 2015). The study is based
on hypothetical examples demonstrating the im-
provement of the territorial logistics system taking
into account geographical, technological and social
parameters. The results that will be acquired will
enable the identification of existing problems and
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propose effective solutions that will help further de-
velop any size territory.

Kazakhstan’s President Kasym-Jomart Tokayev
has consistently underscored the necessity of mod-
ernizing the country’s transport and logistics infra-
structure. The priority areas include the construction
of new railway lines, such as «Moyynty — Kyzyl-
zhary, the expansion of the «Altynkol — Zhetygen»
corridor, and the establishment of an international
aviation hub with modern cargo and passenger ter-
minals. These measures are aimed at strengthening
Kazakhstan’s transit potential and increasing its
competitiveness in global transport flows (Kazakh-
stan Government’s Extended Meeting, 2024).

Literature review

Area logistics is becoming an important area of
research in modern logistics, which deals with the
management of economic and human flows for the
optimal location of transport nodes of a region, state
and territory of any type in the world, including it-
self. The works of E.D. Konkova and Y.I. Toluev,
E. Sassi, A. Benabdelhafid, highlight the main as-
pects of the concept of territorial logistics, including
a set of methods and services, as well as the need
to optimise territories to ensure the effective place-
ment of spatial objects.

Development of territorial transport systems is
the logistics infrastructure, which requires the defi-
nition of economic, technical and geographical pa-
rameters. From the works of authors Singer O. A.
and Ilyasova A. V. We can identify 3 parameters:
economic, technical, geographical. Including for-
eign and domestic authors analyse the spatial char-
acteristics of transport infrastructure, the density of
transport hubs and methods of optimizing the loca-
tion of logistics centres.

In this context, several models have been em-
ployed to examine spatial interactions and the con-
cept of economic distance in logistics. Foreign au-
thors Bowersox, Donald J., Mentzer, John T. Speh,
Thomas W. In an article published in the Journal of
Business Strategies, the advantages and disadvan-
tages of logistic shoulders defined by ‘economic dis-
tance’ were noted. It is noted that the term ‘logistic
leverage’ refers to the high market returns that can
be obtained with a relatively small investment. The
authors Stroeva G.N. and Slobolchikov D.V. in their
work revealed in detail the definition of transport ac-
cessibility. Kopytova Y.V. in the book ‘Young Sci-
entist’ investigated transport capacity as the main
parameter that determines the place of transport sys-
tems in the urban transport structure. In the article

by P.V. Popov and [.Yu. Miretsky considered the
main methods of solving the problems of logistics
infrastructure. Among the models and methods used
in practice, the author singled out those that take
into account the influence of factors and allow cal-
culating the most favourable location of warehouses
in the distribution network. The methods of com-
mercial attractiveness and Arthur Geofrion’s centre
of gravity method were mentioned in particular.

Modern approaches to developing logistics in-
frastructure in constrained spaces have been sum-
marized by American economist E. Hoover and
Russian researchers V.I. Sergeev and V.V. Dybska-
ya, emphasizing the integration of economic, tech-
nological, and spatial factors. A.O. Kolosov demon-
strated the practical application of the Huff Model
in this context, quantifying consumer choice based
on the ratio of a location’s attractiveness to its travel
cost using a power-law decay function (Huff, 1963).
Additionally, recommendations have been made for
using gravity models as tools for retail customer
orientation. Kosterin I.G. conducted a sociological
analysis of customer movements from small towns
to larger cities using Reilly’s law, drawing an anal-
ogy with Newton’s universal gravitation to explain
spatial interactions.

This study compares three foundational models
for analyzing economic distance—the Huff Model,
the Rayleigh Distribution, and the Modified Gravity
Model. Together, these models form a robust theo-
retical framework for understanding and optimizing
spatial interactions in territorial logistics.

Territorial logistics includes a set of logistics
services that are performed on some specific terri-
tory by a logistics operator, which manages logistics
nodes in the structure of material flows. However,
the services are performed by a logistics opera-
tor, which is not a node in the structure of material
flows, but it plays a key role in ensuring the effec-
tive functioning of the logistics system in a particu-
lar territory (Stroeva & Slobodchikova, 2016), (Slo-
bodyanyuk & Gorobchenko, 2020).

A logistics hub is an element of logistics in-
frastructure as a set of services through which the
movement of material and financial flows or the pro-
cess of distribution of goods is carried out.

The targets of logistics infrastructure are pro-
duction enterprise warehouses, logistics centers,
loading and unloading terminals, distribution cen-
ters, sorting and distribution warehouses and re-
tail outlet warehouses. Determining the required
number of such facilities, their location and eco-
nomic functions is the most important element in
the formation (design) of the logistics infrastructure
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of territorial logistics. Integration of infrastructural
objects by a logistics operator, provides relevant
services regardless of who exactly performs these

Table 1 — Objects of logistics infrastructure of territorial logistics

operations. Thus, the objects of territorial logistics
infrastructure (table 1) are divided into three main
groups.

Level Description
Local facilities of local importance, called logistics parks or centres.
Regional Regional logistic centers in regions where there is well-established transport infrastructure and a
£ stable information system provide the broadest range of logistics services.
International logistics centers are large-scale infrastructure facilities located over a significant area
International and constructed in close proximity to key transport hubs, such as ports, airports, railway junctions,
and intermodal terminals.
Note — complied by author

The facilities of the first group include special-
ised facilities for the provision of certain types of
commodity flow regulation services by individual
firms and networks. The facilities of the second
group create conditions for effective regulation of
input and output flows of various goods in the na-
tional and regional markets. The facilities of the
third group, using innovative information and com-
munication technologies, ensure the qualitative per-
formance of the entire range of logistics services,
respectively, introduce the necessary coordination
to ensure a reduction in the time of realisation of
goods along the entire chain and pulling commod-
ity flows in transit within the country (Bolodurina,
2019), (Popov, 2019).

Now let us consider the main methods of solv-
ing problems of logistics infrastructure facilities lo-
cation.

Simple models and procedures. These models
allow us to establish the coordinates of individual
objects of logistics infrastructure and their net-
works. Among the techniques and models that have
gained extensive practical application, we would
highlight the Ardalan technique due to which you
can determine the optimal location of warehouses
in the distribution network by considering the im-
pact of factors, Erlenkotter’s ‘total optimal market
service area’ model, commercial attractiveness ap-
proaches, and Arthur Geofrion’s centre of gravity
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method. These methods are based on many assump-
tions and include an operational assessment of the
assumed logistics infrastructure.

Complex methods and models. Researchers A.
Klose and A. Drexil proposed to divide all complex
methods and models into three main groups (fig-
ure 2): network modelling, continuous and discrete
optimization methods.

Approximate heuristic and metaheuristic meth-
ods are used to solve problems with a large num-
ber of possible options for the location of logistics
infrastructure facilities. They make it possible to
approach the optimal location of the network of
transport and warehousing facilities in a ‘reasonable
time’. They include genetic algorithms, local search
algorithms and the method of prohibitions.

One of the modern approaches to developing
logistics infrastructure in a limited space was sys-
tematized by American economist E. Hoover, as
well as Russian scholars V. I. Sergeev and V. V.
Dybskaia. The location and number of infrastruc-
ture facilities are determined based on an analysis
of key socio-economic characteristics of the terri-
tory, including the location of consumers, demand
volume, required level of logistics services, and
other factors. The primary criterion for site selec-
tion is its proximity to the target market within the
designated geographical region (Zinger & Ilyaso-
va, 2015).
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Network modelling method

capacity).
* Network m.
mfrastructure to be determined.

* Establishment of a network corresponding to the facilities of the logistics infrastructure.
* Basis on roads between facilities (with a given length) or on distribution channels (with a certan

odeling methods enable the location and scale of the major facilities of the logistics

Figure 2 — Complex methods and models for solving problems of logistics infrastructure facilities location
Note — complied by author

Methodology

Let us consider the main parameters of size, dis-
tance, transport costs, infrastructure, attractiveness
of the objects according to the infrastructure levels
of territorial logistics. Infrastructure objects, for ex-
ample, at the local level of infrastructure are ware-
houses, at the regional level distribution centres,
and at the international level transit corridors. The
placement and interaction of these facilities can be
investigated using Huff and Reilly models. (Piketty,
2015), (Bowersox, 2008).

Given that one of the main parameters in logis-
tics is economic distance, which is defined not only
by the physical distance between points, but also by
a set of factors (transport costs, delivery time, risks,
etc.). The Huff, Reilly and modified gravity models
demonstrate different mathematical representations
that take into account the influence of distance on
the intensity of interactions. Such approaches have
direct relevance to the concept of economic distance
in logistics and the concept of ‘logistic shoulder’.
In a logistics network, logistics shoulder can be un-
derstood as the part where interactions (e.g. delivery

of goods, movement of goods) remain economically
efficient. It is a kind of ‘radius of action’ of the lo-
gistics system around the central node (warehouse,
distribution centre), beyond which the costs of trans-
portation start to exceed the potential benefits of the
interaction. For example, in logistics, ‘shoulder’ can
be interpreted as the distance from the loading point
to the unloading point. There is a distinction be-
tween ‘short shoulder’ and ‘long shoulder’, between
which there is a fundamental difference.

- A ‘short shoulder’ is the transport of goods be-
tween several settlements at a distance not exceed-
ing 500 km or within one working day.

- ‘Long shoulder’ in the field of road transport
means the carriage of goods over long distances,
over 500 km, which requires several days on the
road. International freight transport can be attributed
to such transportations.

Let us consider the advantages of ‘short’ and
‘long’ economic distance (Table 2).

Discussions about which option — ‘long shoul-
der’ or ‘short shoulder’ — is more favourable arise
quite often, as both have their significant advantages
(Kolosov, 2015).
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Table 2 — Advantages of economic distances (‘short’/long”) in logistics.

Advantages of ‘short leverage’:

The ‘advantages’ of the ‘long arm’:

- Work on regular routes with regular customers;

- Work in a relatively close neighbourhood to the place of
residence;

- Equal fares for each kilometre travelled in both directions;

- Close monitoring of driver and vehicle performance;

- Reduced vehicle repair and maintenance costs.

- The number of loading and unloading operations decreases,
transport operating time increases, total revenue increases; the
efficiency of vehicle utilisation increases.

- On the ‘long shoulder’ the carrier’s income at first glance
seems quite high.

- Working with a smaller number of customers.

Note — complied by author’s

If the parameter of economic distance, as an ab-
stract economic indicator, is transferred to the geo-
graphical characteristics of the logistics infrastruc-
ture, it is possible to distinguish networks according
to the following parameters: density of facilities,
network topology, definition of service areas, con-
nectivity and accessibility. Indeed, when using the
Huff and Reilly models together, it is possible to
optimise the placement of facilities in a logistics
network: taking into account not only the individual
attractiveness of each node, but also its spatial posi-

Table 3 — Comparative analysis of models for economic distance

tion relative to the centre or other nodes in the net-
work. Therefore, it is possible to form an efficient
topology of the service network, where the objects
are placed taking into account optimal territory cov-
erage, minimising transport costs and providing a
high level of service.

It is of scientific interest to carry out a compara-
tive analysis of Huff, Reilly and modified gravity
models according to 6 characteristics (principle, at-
tenuation function, main parameters, application,
advantages, disadvantages) (table 3):

cost (or distance) required to
reach it.

decay in probability as distance
increases from the central point.

Characteristic Huff Model Rayleigh Distribution Modified Gravity Model
e Inspired by the analogy with Newton’s
Probabilistic consumer . e P ¥ the &y .
. . Describes the random distribution | law of gravitation: the interaction
choice based on the ratio of a . . . . . .
- . . of distances with an exponential between objects is proportional to the
Principle location’s attractiveness to the

product of their «masses» and inversely
proportional to a distance decay
function.

Decay Function

Typically a power function:
-B.
d; i

The probability density function:
2

d d
fld)=—zexp;

where the exponential decay is
associated with the square of the
distance.

Can adopt various forms (e.g.,
exponential, logarithmic, or combined
decay) to better fit empirical data.

— Attractiveness of the
location Aj.

— Scale parameter 6\sigma that

— «Masses» of the objects Mi and Mj
— Distance function f(dij).

assessing the competitiveness
of locations.

describing the general behavior of
distance distribution.

Main . . . . . . o
— Distance dij. determines the «width» of the — Scaling coefficient k and additional
Parameters . C .
— Parameter f (rate at which | distribution. parameters to account for specific
distance influence decays). factors.
Used for analyzing retail Applied in the analysis of random | Used in modeling migratory,
trade, planning commercial distributions, spatial modeling transportation, and trade flows, as
Application | zones, and estimating the of point objects, and in problems | well as in demographic and economic
probability of consumer store |involving random process theory | modeling where multiple influencing
choice. and network topology. factors are taken into account.
. . . . — Highly adaptable due to the inclusion
— Simple interpretation and — Easy to configure with one or 1’y adaptable cu .
oo . o of additional variables. — Allows for
calibration. — Convenient for | two parameters. — Effective in . . .
Advantages a comprehensive consideration of

spatial and economic factors impacting
interactions between locations.
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Continuation of the table

for individual consumer
characteristics or competitive
effects.

Characteristic Huff Model Rayleigh Distribution Modified Gravity Model
— Sensitive to the estimation
f th t d th T . Iy
ol the parameter B and the — Limited in modeling — Complex calibration due to the larger
attractiveness measure. — L L .
. deterministic preferences since it | number of parameters. — Potential
Disadvantages | Does not always account

describes only the overall pattern
of distance distribution.

risk of overfitting if empirical data is
insufficient.

Chorley, 1969)

Note — The table was compiled by the authors on the basis of sources (Huff, 1963), (Gaul, L. (2011), (Wilson, 2010), (Haggett &

The analysis demonstrates that each of the pre-
sented models has its own strengths and weaknesses,
determined not only by the mathematical form and
parameters used, but also by the field of application.

- The Huff model is ideal for problems where
the main importance is to assess the attractiveness
of objects for consumers, but it may not be flexible
enough when taking into account a complex set of
variables.

- The Rayleigh distribution provides a powerful
tool for describing the spatial distribution of objects
with a minimum number of parameters, but is not al-
ways able to take into account individual consumer
preferences.

- The modified gravity model due to its versa-
tility and flexibility can be used in a wide range of
problems, but requires more accurate tuning and a
significant amount of data.

In general, the choice of model depends on the
specific task: if a detailed analysis of consumer
choice is required, the Huff model is preferred, for
analysing the overall spatial structure — the Rayleigh
model, and for complex economic or transport flows
— the modified gravity model. It should be noted
that the integration of all three models allows for a
comprehensive assessment of the logistics system:
from the level of interaction with the final consumer,
through the distribution of infrastructure nodes in
the territory, to the optimisation of transport flows
between nodes.

Consider practical examples with the Huff and
Reilly models.

The Huff model takes into account the influence
of multiple shopping centres and, above all, applies
the probability of customer behaviour. Huff’s model
predicts the flow between two points (in general, be-
tween multiple points) based on the number of po-
tential customers or other consumers at each outlet,
and is inversely proportional to a certain dimension
of the distance or travel time between the points.
However, the model also introduces a new ‘grav-

ity’ concept of the probability of potential custom-
ers visiting a site when the external conditions are
the same. This gravitational concept can be deter-
mined by the internal characteristics of a retail out-
let (cleanliness, queues at checkouts, availability of
price tags, assortment, etc.) or by economic activity,
availability of services or amenities, and the general
attractiveness of the location (Ingram, 1982), (Arhi-
pova et al., 2020).

The Huff model also has its limitations. Flow is
assumed to be homogeneous, and only distance af-
fects it, while other factors are accounted for through
the integral attractiveness factor of the outlet, mak-
ing the identification of these influences one of the
most difficult tasks of model calibration.

Huff’s model suggests that the consumer is able
to choose a location by analyzing the alternative lo-
cations. The market area is thus presented as a line
of probability when there are no alternative loca-
tions. The point of indifference turns into a point
equal to the probability that a customer will visit a
particular location, as shown in figure 3.

In the above image, the probability that the cli-
ent chooses point A (0.71) is much higher than the
probability of choosing point B (0.29). The advan-
tage of the Huff model is that it leaves room for the
buyer to choose a location.

The Reilly gravitational model (Reilly’s law of
partial attraction, the Reilly-Converse model) — large
cities attract a large number of customers who are will-
ing to cover the distance to large shopping malls, and
the force of gravity is proportional to the population or
local trade turnover. The model was developed in 1931
by William John Reilly (1899-1970), a professor at the
University of Texas, based on empirical research and is
similar to Newton’s law of attraction, with the addition
of work by Paul D. Converse in 1949.

Reilly’s law aims to determine the point of in-
difference between two points, as shown in figure
4, so you can determine the trading area of each of
these points.
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P(C)=0.71
P(C,)=0.29
375 km J -
a ) b

75 km 100,000

250,000 ’

P 250,000
P(C,) = a/Dﬂ P(Ca) = 355500 {?)%?)ou
a n Py /375+ /37.5
e %p P(C,) = 0.71
Figure 3 — Huff Model

Note — The Geography of Transport Systems. Huff’s Law.
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Figure 4 — The Reilly model
Note — The Geography of Transport Systems. Reilly’s Law.

This point is a function of the distance between
two points, and their respective sizes are taken into
account (population is often used for this purpose).
Thus, one place may be more attractive than another.

In the image above, two points are located at a
distance of 75 km from each other. According to
the principle of store placement, the point of indif-
ference should be in the center between them (at a
distance of 37.5 km). However, since point A has a
larger population (with more weight), it is expected
to attract more customers. In such cases, the point of
indifference is located at a distance of 45.9 km from
point A.

Similarly, 250,000 and 100,000 can serve as
indicators of the intensity of freight flows between
logistics nodes or regions. Such an indicator is im-
portant for developing routing strategies, assess-
ing the cost-effectiveness of transport routes and
determining the need for additional infrastructure
investments. These parameters help to understand
how efficiently infrastructure is distributed, what its

136

capacity to handle freight is, and how adequately it
meets demand.

Having considered how economic distance de-
termines the basic costs of transport and how geo-
graphical parameters shape the spatial location of lo-
gistics hubs, it is important to move on to the aspect
that enables the real performance and dynamism of
the entire system — the technical parameters of the
infrastructure. Modern technology and the level of
equipment of logistics centres become the link that
connects theoretical optimisation with practical im-
plementation. It is the technical parameters such as
freight turnover, transport accessibility and through-
put that determine how efficiently an optimal net-
work topology can be realised in practice.

Technical parameters include transport accessi-
bility and indicators of traffic and transport capacity
of communications.

Transport accessibility is a complex phenom-
enon with the time of travel from the point of depar-
ture to the destination. As an important indicator of
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the level of exploration, development, location con-
venience of a specific region, as well as its invest-
ment attractiveness, it should be taken into account
in various spheres of human activity:

- production goals (development of new territo-
ries, design of various facilities, construction of any
infrastructure, etc.);

- personal goals of a person (choosing a place of
residence, recreation, drawing up a route, travelling,
etc.).

Transport accessibility analysis. Analyses of
transport accessibility of territories are necessary for
strategic decision-making, including management
and investment decisions, such as:

- designing various transport infrastructure solu-
tions;

- assessment of promising territories for the de-
velopment of various industries, including the oil
and gas sector;

- studying the peculiarities of remote territories;

- monitoring the state of the transport network in
seasonal conditions;

- complex research of territories with difficult
climate or relief;

- logistics of various cargoes and calculation of
their cost;

- organisation of passenger transport.

Transport accessibility is an indicator that helps
to determine how long it takes to get from home to
work, shop, bar, gym or other important places. It
takes into account all modes of transport: walking,
cycling, private car or public transport (Kosterin,
2007).

One of the indicators of provision of territories
with logistics infrastructure is the throughput and
transport capacity of communications.

Throughput capacity is an attribute that defines
the ability of a specific mode of transport to carry a
specific number of passengers (cargo) for a unit time
on a single lane.

Transport capacity is the main parameter deter-
mining the location of transport systems in the urban
transport structure. Low-capacity transport systems,
i.e., monorail systems, are used at airports as tour-
ist and transport facilities, and bus and trolleybus
systems as vehicles of high-capacity mainline trans-
port, e.g., light rail, subways and electric trains.

Freight turnover is the volume of transport work
on the transport of goods, expressed in tonne-kilo-
metres. It is defined as the sum of the product of
the weight of each batch (shipment) of transported
cargo by the distance of its transport (Agency of Sta-
tistics of the Republic of Kazakhstan, 2024).

Thus, technical parameters not only complete
the picture of logistics infrastructure, but also serve
as a key tool for improving its efficiency. They turn
a strategically planned allocation of logistics facili-
ties, based on economic and geographical analyses,
into a functioning system.

Results and discussion

In the last ten years socio-economic develop-
ment of Kazakhstani regions is realized under the
influence of the following main trends:

- unevenness and significant differentiation of
socio-economic development of regions;

- growth of trade volume surpasses economic
development;

- growth of volume, geography and types of
transportation, in particular, the Kazakhstani market
of container transportation has been significantly
expanded.

- growth of mutual trade between CIS and non-
CIS nations;

- increase in capacity issues in transportation
corridors;

- low competitiveness of the regions in develop-
ment (Raimbekov & Syzdykbaeva, 2019).

In the context of these trends, territorial logis-
tics aimed at effective management of transport
flows and resources is of particular importance. This
brings to the forefront the need to create regional
transport and logistics systems (RTLS) and logis-
tics clusters with their subsequent integration into a
single national transport and logistics system (TLS).

World experience shows that in recent years in-
tegration processes in logistics are mainly realized
through the formation of interstate and transnational
macro-logistic systems (MLS). This approach to the
development of territorial logistics is the most effec-
tive strategy of integration into the world economy.
The creation of a national MLS will allow not only
to modernize infrastructure, but also to strengthen
internal interregional ties, which will become a
stimulus for further economic growth.

The competitiveness of Kazakhstan’s regions
is largely determined by effective territorial logis-
tics, rational distribution of production capacities,
optimal use of transport potential and improvement
of transport and economic links between regions.
It is where the creation of the backbone transport
network and construction of transport and logistics
infrastructure, its modernization, become crucial
and are a prerequisite that enhances the economic
potential of the country.
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Taking into account technological and organi-
zational parameters, the analysis of cargo turnover
of all types of transport in Kazakhstan for the pe-
riod from January to December 2024 was carried
out. The total volume of cargo turnover amounted
to 514,455.47 million t-km, which is 2.6% higher
than in the same period of 2023 (501,414.34 million
t-km). In the reporting month (December), cargo
turnover reached 47,187.43 million t-km, up 5.7%
from the previous month (44,651.86 million t-km).

Analysis of the data showed that the leader in
cargo turnover was Atyrau region with 4,290.00
mlin t-km for December and 46,409.55 min t-km for
the whole year. The lowest volume was recorded
in Ulytau region — 611.91 mln t-km for December,
which is due to geographical and infrastructural pe-
culiarities of the region.

In large cities of Kazakhstan cargo turnover was
distributed as follows:

- Astana — 3,787.00 mln t-km for December;

- Almaty — 2,245.04 mln t-km for December;

- Shymkent — 1,221.88 mln t-km for December.

Some regions showed significant growth of car-
go turnover in the reporting month:

- North-Kazakhstan region — 18.7% increase
compared to November;

- Mangistau region — growth by 11.9%;

- Shymkent city — increase by 41.7%, which is
the highest indicator in comparison with other re-
gions.

At the same time in Zhetysu there was a decrease
in cargo turnover by 2.5% in comparison with the
previous month.

The positive flow of cargo turnover in Ka-
zakhstan affirms to the effective utilize of trans-
port foundation and its potential for encourage
advancement. Regional differences highlight the
need for a targeted approach to modernizing the
transport network in less developed areas such as

Ulytau and Zhetysu.

Table 4 — Cargo turnover of all modes of transport for January-December 2024

As a percentage of the
Actual volume in 2024. Actual volume in 2023. | corresponding period of
Percentage
2023. -
- - - - - - of previous
reporting previous perl.Od Smee perl.Od Smee reporting P er1'0d smee reporting month
beginning of | beginning of beginning of
month month month month
the year the year the year

Republic of 42
Kazakhstan 47 187,43 | 44651,86 | 51445547 | 501 414,34 941,69 102,6 109,9 105,7
Abay 1262,83 1209,89 13 956,24 15230,73 | 1282,01 91,6 98,5 104,4
Akmola 2 416,69 2 335,55 26 183,29 | 26757,88 | 2257,65 97,9 107,0 103,5
Aktobe 3 821,45 377575 42 679,88 | 45571,90 | 3 845,99 93,7 99,4 101,2
Almaty 1 685,25 1 637,75 19 640,90 | 2044347 | 1740,66 96,1 96,8 102,9
Atyrau 4290,00 3 832,54 46 409,55 | 4445985 | 391583 104,4 109,6 111,9
West Kazakhstan | 1 040,67 1123,81 11501,58 11210,18 890,50 102,6 116,9 92,6
Zhambyl 3801,22 3799,05 44 134,68 | 4147164 | 3491,71 106,4 108,9 100,1
Jetisu 933,88 911,33 11 116,95 14 201,44 | 1235,40 78,3 75,6 102,5
Karaganda 362782 3 445,45 39659,03 | 40687,84 | 3 408,73 97,5 106,4 105,3
Kostanay 2 501,65 2354,71 2732276 | 2713795 | 229147 100,7 109,2 106,2
Kyzylorda 3103,01 295521 34 034,61 33 728,85 | 3070,81 100,9 101,0 105,0
Mangystau 2 608,51 2 496,74 29 000,82 | 28584,78 | 2583,30 101,5 101,0 104,5
Pavlodar 3 446,45 2 899,76 3278437 | 27931,20 | 2351,02 117.4 146,6 1189
North 915,23 890,99 10 171,58 11 487,87 988,16 88,5 92,6 102,7

Kazakhstan

Turkestanskaya 1871,18 1914,13 23 400,94 | 24828,64 | 215523 94,2 86,8 97,8
Ulytau 1269,74 1202,47 14 020,39 15592,57 | 1328,40 89,9 95,6 105,6
East Kazakhstan 624,14 611,91 6 892,76 7 609,76 633,44 90,6 98,5 102,0
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Continuation of the table

As a percentage of the
Actual volume in 2024. Actual volume in 2023. | corresponding period of
Percentage
2023. -
— - - — of previous
reporting previous P en.Od.Smce P erl.od'slnce reporting perlhod-smce reporting month
beginning of | beginning of beginning of
month month month month
the year the year the year
Astana city 3934,82 3 787,00 43 218,15 34 377,02 | 2880,16 1257 136,6 103,9
Almaty city 2301,87 224594 23 656,93 19045,74 | 1641,77 124,2 140,2 102,5
Shymkent city 1731,03 1221,88 14 670,06 11 055,03 949,45 1327 182,3 141,7
" Taking into account the volume of work done by individual entrepreneurs engaged in commercial transport.
Note — Bureau of National Statistics, 2024 (https://stat.gov.kz)

Kazakhstan’s transport infrastructure plays a
key role in ensuring logistics flows both domesti-
cally and internationally. The development of road,
railway and pipeline routes, as well as the creation
of modern logistics hubs, helps to improve transport
accessibility of regions and increase the efficiency
of cargo turnover. Optimisation of logistics infra-
structure facilitates Kazakhstan’s integration into
global transport chains and stimulates economic
growth by increasing the capacity of transport cor-
ridors and developing regional hubs.

Geographical location and territorial character-
istics play a key role in the distribution of freight
turnover between regions. This paper considers
three cities in Kazakhstan: Karaganda, Astana and
Almaty, between which cargo flows are redistrib-
uted.

To demonstrate the applicability of the models
under consideration, we will perform calculations
based on data on freight turnover and distances be-
tween the regions. This will allow us to assess the
degree of influence of various factors on the choice
of a logistics hub based on the Huff and Reilly mod-

el. v
Si/Tij

ik a— @)
. ST

P, —logistic node selection probability
S — logistics hub cargo turnover
i distance to a logistics hub
y — distance sensitivity parameter {1}
> —sum of all logistics node alternatives.
k
An example of the calculation of the Huff mod-
el:
Data:

Almaty cargo turnover (S_1) = 2301.87 million
tonne-km

Astana cargo turnover (S_2) = 3934.82 million
tonnes-km

Distance Karaganda — Almaty: d, = 1000 xm

Distance Karaganda — Astana: d,_ = 1000 km

Computations:

_2301,87/1000°
v <2301,87) + (3934,82
1000° 200°

P

)

0,00230187

Py = 5,00230187 + 0,0983705

0,00230187

= 0.10067237 ~ 0228649628

Prawa = 1 — P = 0,977

Conclusion: Based on the Huff model, the prob-
abilities of redistribution of cargo flows from Kara-
ganda to Almaty and Astana were calculated. As
can be seen on the map, most of the freight flows
(=97.7%) are directed to Astana, which is explained
by its shorter distance from Karaganda (200 km)
and higher freight turnover (3934.82 million tonnes-
km). At the same time, Almaty receives only 2.3%
of freight traffic, despite its significant freight turn-
over (2,301.87 million tonnes-km), which is due to
the city’s remoteness (1,000 km).

Thus, the results of the analysis confirm that ter-
ritorial proximity and economic capacity (freight
turnover) play a decisive role in the redistribution
of freight flows.

According to the Rayleigh model, we make cal-
culations.

This model is used to estimate the probability

139



Modelling territorial logistics based on economic distance

of choosing a logistics node depending on its cargo
turnover and distance to it.

Sj

My = -7 3)
3

Where:

M, - attraction of the logistics node | for the re-
gion ,

S, — volume of cargo turnover of the logistics
hub,

d,— distance between the region , and the node

d; ? — the square of the distance (to account for
the decrease in influence with i increasing distance).

Let us calculate the attractiveness of Almaty and
Astana as logistics hubs for the Karaganda region.

Data:

Almaty cargo turnover (S_1) =2301.87 million
tonnes-km

Cargo turnover of Astana (S_2) = 3934.82 mil-
lion tonnes-km

Distance Karaganda — Almaty: d,, = 1000 xm km

Distance Karaganda — Astana: d,_ = 1000 km
Computations:

My =2l = 0,00230187

My_ =282 _ 0,0983705

2002

The results of the calculations show that the lo-
gistic attractiveness of a node is inversely propor-
tional to the square of the distance to the region,
which confirms the validity of the gravity model of
transport flows. Despite Almaty’s high freight turn-
over, its remoteness (1000 km) results in low attrac-
tiveness (0.002302), while Astana (200 km) shows a
much higher indicator (0.098370). This is consistent
with the gravity model of traffic flows and shows
that distance plays a key role in the distribution of
freight flows.

Huff’s and Reilly’s laws were used to analyse
the distribution of freight flows in the logistics sys-
tem of Kazakhstan. As an example, let us consider
Karaganda region and two possible logistics hubs
— the cities of Astana and Almaty. Data on cargo
turnover of these hubs, as well as distances between
them and the region are presented in table 4. The
Huff model calculations show that Astana has a
97% probability of being selected, while Almaty has
a 3% probability of being selected. This is due to
the shorter distance to Astana, as well as the greater
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volume of cargo turnover, which indicates its higher
role in the territorial and logistics infrastructure of
the region.

Similar conclusions were obtained from the
Rayleigh model. Raleigh’s law revealed that the
attractiveness of a logistics node decreases with
increasing distance, which is consistent with the
theoretical provisions of the model. According to
the calculations, the logistics hub in Astana has a
higher attractiveness for freight traffic from Kara-
ganda than Almaty due to its shorter distance and
significant cargo turnover. Thus, the results confirm
that the choice of logistics hub is determined not
only by its freight turnover, but also by the distance
to the consumer of transport services. This confirms
that, all other things being equal, a logistics hub with
higher freight turnover located closer to the region is
more attractive.

Thus the use of these models in Kazakhstan
confirms their effectiveness in optimising transport
flows and strategic planning of logistics processes.
The results obtained can be used in further research
in the field of territorial logistics, including the de-
velopment of recommendations on the location of
new logistics centres and expansion of the existing
transport infrastructure.

Conclusion

This paper provides a comprehensive analysis of
territorial logistics modelling based on the concept
of economic distance, which allows us to combine
economic, geographical and technical parameters
of transport and logistics infrastructure. The study
demonstrates that economic distance, defined not
only by physical distance, but also by the totality
of transport costs, time and risks, is a key indicator
affecting the distribution of logistics flows and the
optimal placement of nodes in the network.

Analyses of the Huff, Rayleigh distribution and
modified gravity models showed that:

The Huff model, which takes into account the
attractiveness of facilities and the costs of reaching
them, is suitable for detailed analyses of consum-
ers’ choice of logistics nodes and the definition of
service areas.

The Rayleigh distribution effectively describes
the spatial distribution patterns of logistics facilities,
allowing the identification of activity ‘cores’ and pe-
ripheral zones.

The modified gravity model, capable of taking
into account multiple factors, demonstrates high
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adaptability in modelling migration, transport and
trade flows.

The application of these models allows not only
to assess the basic characteristics of freight flow dis-
tribution (including such indicators as freight turn-
over, transport accessibility and capacity), but also
to identify the ‘weaknesses’ of the existing logistics
infrastructure in Kazakhstan’s regions. Calculations
carried out on the example of the country’s transport
network confirmed that territorial proximity and
economic capacity of logistics hubs play a decisive
role in redistributing freight flows. Moreover, the
results of the research underline the need for strate-
gic infrastructure development, taking into account
the optimal location of logistics centres, which will

reduce transport costs and increase the efficiency of
freight traffic.

Thus, a comprehensive approach based on the
integration of economic, geographical and technical
parameters allows the formation of an efficient lo-
gistics network capable of adapting to the dynamics
of the external environment and meeting the grow-
ing demand for transport and logistics services. The
presented models and methods can serve as a basis
for further research and practical recommendations
for optimising transport and logistics infrastructure,
which, in turn, will contribute to the socio-economic
development of regions and strengthening the inte-
gration position of Kazakhstan in the international
arena.
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