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Abstract: The article examines the development of transport infrastructure and the assessment
of its regional efficiency using artificial intelligence methods. The role of railway transport and digital
technologies is highlighted. Based on the approaches of E. Engel and Y. Uspensky, DT and DN
indicators are proposed to evaluate freight and passenger flows. Integral indices are calculated,
regions are clustered, and recommendations for improving efficiency are provided.
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AHHoTanusi: Maxkonaga TpaHCHopT MHGPATYy3WIMAacH PUBOXKIIAHUIIKM Ba YHMHT XYOyIuil
camMapaJIOpJIMTHHA CYHBHI HHTEIJIEKT acOCHAa Oaxoiall Macajiagapy TaXJIujl KWIMHTaH. TeMup uymn
TPaHCIOPTH Ba paKaMmJid TEXHOJOTHSUIADHUHT axaMusiTd acocnald Oepuirad. 3D.0Hren Ba
10.Yenenckuii €nmamyBnapu acocuaa Xyayaud Oaxosamn ycyiutapu EpuTHiInO, 0K Ba HYJIOBUM
oxkumiiapu yayH DT Ba DN umnamukatopnapu taknud stwirad. LLlyHuHraek, mHTerpan uHaeKcaap
opKalu XyAy/Uulap KiacTepiapra aXpaTWiIraH Ba caMapaJopiIMKHUA OMIMpuIl OYitnua Takiudiaap
OepuiraH.

Tasinu cy3aap: tpaHcrnopT uHMpaTy3WIMacu, TEMHP HYJ TPAHCIIOPTH, CYHBUH WHTEIUICKT,
WHTErpai UHICKC, XyAyAul caMmapagopiuK, JJOTUCTHKA, TPAHCIIOPT OKUMIIAPH.

AHHoTanus: B cTathe aHanu3upyercs pa3BUTHE TPAHCHOPTHOUW MHGPACTPYKTYpPHI U OlIEHKA
e€ perruoHanbHONH A(PPEKTUBHOCTH C HCIOJIB30BAHUEM METOJOB HCKYCCTBEHHOTO MHTEJUICKTA.
O6ocHOBaHa pOJIb KEJIE3HOJOPOKHOTO TpaHCHOpTa MU IMQpoBbIX TexHojoruil. Ha ocHoBe
noaxonoB 3. Durens u 10.Ycnenckoro npeanoxkens! nokasarenn DT u DN st onenku rpyso- u
MacCaXMpPONOTOKOB. PaccunTanbl MHTETpaibHbIE MHIEKCHI, IIPOBEICHA KJIACTEPU3ALIMS PETMOHOB U
JaHBI PEKOMEH/IAIIUH 110 TIOBBIIIEHUIO Y3 PEKTUBHOCTH.

KuroueBsble cioBa:

TpPaHCIIOPTHAsE HHAPACTPYKTYPA, KEIE3HOIOPOKHBIN TPAHCTIOPT, UCKYCCTBEHHBIN MHTEIIEKT,
WHTETpaTbHBIN HHIIEKC, PETHOHATbHAS YPPEKTUBHOCTD, TOTHCTUKA, TPAHCIIOPTHBIE MMOTOKH.

Introduction. Railway transport plays a key role in strengthening interregional economic ties,
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improving logistics, and ensuring efficient freight, passenger flows, and population mobility. In
recent years, digital technologies— especially artificial intelligence (Al)—have been widely used in
transport system management. Al expands capabilities for analyzing flows, assessing network load,
optimizing logistics, and planning infrastructure, while enabling comprehensive evaluation of
regional transport efficiency.

Railway infrastructure development across Uzbekistan is uneven: some regions have well-
developed networks, while others lag behind. This creates regional disparities and highlights the need
to identify major transport hubs and underdeveloped areas and define their development priorities.
The study is relevant as it provides a scientific basis for assessing infrastructure efficiency and guiding
regional development strategies and investments. The approaches of E. Engel, Y. Uspensky, S.
Henderson, and J. Rodrigue form the theoretical foundation. The object of the study is the railway
infrastructure of Uzbekistan’s regions.

Methodology. The Engel-Uspensky method evaluates the correspondence between railway
infrastructure and regional demand using proportional indicators of territory, population, and transport

flows. The main indicators are:

e D, =L/S — railway density;

e D.=LA(SP);

e D;=L//(S-P-Q).

Where L is railway length, S is area, P is population, and Q is freight volume. Based on this
approach, two additional indicators are proposed:

e Dt =T/L — freight load per km;

e Dn = N/L — passenger load per km.

Here, T is freight volume and N is number of passengers. Higher values indicate greater network
utilization and demand. These indicators complement D:— Ds and allow a comprehensive assessment
of how well railway infrastructure meets regional economic and demographic needs.

Research Results. To assess the level of railway transport provision acrossregions, an
economic model was developed based on the indicators Di, D., Ds, DT, and DN, reflecting the
efficiency of using regional transport potential. Within this model, the following integral indices were
formed:

B: index — a composite indicator of transport infrastructure development in a region:

B1= Q;ﬂgﬂg& 3

B: index — reflects the efficiency and intensity of transport network utilization:
B>= DT+DN2

o K integral index — the key indicator providing a comprehensive assessment of how
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effectively a region utilizes its transport potential.

The K index is calculated as the ratio B-/B: and reflects the relationship between the level of
infrastructure availability and its functional efficiency. Scientifically, B. captures the level of
infrastructure development (network density, territorial coverage, and condition), while B: reflects
actual usage intensity and economic efficiency (freight and passenger volumes, transport activity).

According to the results, the average K index for Uzbekistan was 9.60 in 2024. Significant
variation in K values across regions necessitated their typological grouping. Therefore, regions were
classified into four main clusters using a clustering method based on similar values of the integral
index. This approach ensured internal homogeneity within clusters and revealed differences between
them (Table 1).

Table 1.

Clustering of regions based on railway transport provision indicators.

Cluster | Development level Region K index
1 Highly developed Tashkent, Navoi 20,14 - 21,34

Ferghana, Jizzakh,
2 Developed Between 4-13
Bukhara, Samarkand

Kashkadarya, Syrdarya,

3 Moderately deleloped Between 1,7—
Surkhondarya
4 Low-developed Karakalpakstan, Andijan, | Between 0,6—
Namangan, Khorezm 15

The table was developed by the author. Considering that there is no railway track length within

Tashkent city, this area was not included in the table.

1. Highly developed cluster. This group includes Tashkent and Navoi regions, which have
highly developed transport infrastructure. Tashkent region has the highest K index in the country at
20.14, reflecting dense railway networks, developed transport hubs, and large freight volumes. Navoi
region also shows a high value (21.34), driven by international transport corridors, major industrial
centers, and strong logistics infrastructure.

2. Developed cluster. This cluster includes Fergana, Jizzakh, Bukhara, and Samarkand
regions, with K index values ranging from 4 to 13. For example, Jizzakh (12.85), Fergana (8.41),
Bukhara (7.75), and Samarkand (4.34). These regions have relatively well-developed railway
networks and serve as key economic and transport centers.

3. Moderately developed cluster. This group includes Kashkadarya, Syrdarya, and
Surkhandarya regions, with K values between 1.7 and 5.0 (e.g., Kashkadarya — 5.04, Syrdarya — 3.06,

Surkhandarya — 1.75). Although railway infrastructure exists, its density and efficiency are lower than
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in more developed regions.

4. Low-developed cluster. Regions with low railway provision include the Republic of
Karakalpakstan, Andijan, Namangan, and Khorezm, with K values around 0.6-1.5 (e.g.,
Karakalpakstan — 1.36, Andijan — 1.54, Namangan — 0.94, Khorezm — 0.62). This is due to low
network density and insufficient infrastructure development.

Conclusion and recommendations. The analysis shows that the K index reflects not only the
availability of infrastructure but also its economic and functional efficiency. A high K value indicates
effective use of transport infrastructure and strong support for economic activity, while a low value
signals underdevelopment or inefficient utilization. Thus, the K index serves as an important scientific
tool for comparing regional infrastructure development, identifying disparities, and shaping transport
policy.

Significant differences exist across Uzbekistan’s regions: well-developed infrastructure is
concentrated in industrial and logistics centers, while remote and less developed areas lag behind.

Recommendations:

« reduce regional disparities by developing major transport and logistics hubs;

e expand  railway  networks in  underdeveloped regions, modernize
infrastructure, and increase freight and passenger volumes;

e use Al technologies to monitor transport flows and optimize investment allocation;

o develop evidence-based regional transport policies and infrastructure investment
strategies.

Overall, this study can be applied both for assessing current transport infrastructure
and for guiding its future development.
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