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Abstract:

The thesis justifies normal, pre-crisis and crisis threshold values
for 25 functional-integrative indicators of the economic security of
railway transport enterprises, grouped into five blocks. Unlike
financial ratios, the indicators capture threats inside the operating
architecture before they reach financial statements. The approach
is tested on data from Uzbekistan Railways JSC for 2020-2025.
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Introduction
IMOPOI'OBBIE 3HAYEHUSA ®YHKIIMOHAJIBHO-UHTEI'PATUBHBbIX
MMOKA3ATEJEN KAK MHCTPYMEHT PAHHET O ITIPEJYIIPEXXAEHUSA 115
3KOHOMHWYECKOM BE3OITACHOCTH KEJIE3HOJOPOXHBIX IIPEANPUATHIA
Maxmyznos Xaiipysuio OnuMoBud
TamKeHTCKUI TOCy1apCTBEHHBIN TPAHCIIOPTHBIN YHUBEPCUTET
TamikenT, Y30ekucran

AHHOTALUSA:

B Te3uce 060cHOBBIBaIOTCS HOPMATUBHbBIE, IPEAKPU3UCHBIE U KPU3UCHBIE IOPOTOBHIE 3HAYEHUS
g 25  (yHKUMOHANBHO-UHTErPAaTUBHBIX — IOKa3zaTejael 3KOHOMUYEeCKoW Oe30macHOCTH
MIPeNNPHUATHH Kee3HOA0POKHOTO TPAHCIIOPTA, CIPYNIUPOBAHHBIX B ISITh 0JI0KOB. B oTinnuune ot
(uHAHCOBBIX KOX((UIMEHTOB, JaHHBIE TOKA3aTeNIM MO3BOJSIOT BBIABIATH YIrpo3bl BHYTPH
OTEPALMOHHON CTPYKTYpHI IO TOTO, KaK OHU HAXOIAT OTpa)keHHWEe B (PMHAHCOBOW OTUYETHOCTH.
ITonxox anpodupoBan Ha JaHHBIX AO «Y30ekucToH TeMup Hymnapm» 3a 20202025 rosi.

KiroueBbie cjioBa: DKOHOMHUYECKass O€30IACHOCTB; KEJIE3HOJOPOXKHBIN TPAHCIOPT; paHHEE
MpeynpexaeHNe; MOPOroBble 3HaUeHUs; (QYHKIIMOHATIbHBIE TOKA3aTeIN; 000POT BaroHa.
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TEMUP MY KOPXOHAJIAPUHUHI UKTUCOJAUI XAB®CHU3JIUTU YUYH DPTA
OIr'OXJAHTHUPHUII BOCUTACU CUPATUJIA ®YHKIUOHAJI-UHTETPATUB
KYPCATKUYJAPHUHI YET'APABU KUMIMATJIAPH
Maxmynos Xaitpysino OauMoBUY
TomkeHT naBiaaT TPAaHCIIOPT YHUBEPCUTETH
TomxkeHT, V36exucron

AHHOTANUA

Tesucna Oemra OGIOKKAa TypyxJIaHTaH TEeMHp HYJ TPAaHCIOPTH KOPXOHAIAPHMHUHT HKTHCOIUI
xaBpcuznuruan udomanoBun 25 Ta (GYHKIMOHAI-WHTETPATUB KYpCaTKH4Y YUyH MeEBEPHid,
MHKHUPO30JAM Ba HHKHMPO3 XoOJjaTjapura MOC 4erapaBMil KuiiMaTiap acocinad Oepuiiras.
MonusBuii ko3 duuuentnapaan Gapkiau paBulla, MasKyp KypcaTKUwiap TaxAWUIapHU
MOJIUSIBUI XMCOOOTIapAa akC STTUPWIMIIMIAH OJJIMH KOPXOHAHUHI OINEPalMOH TY3WIMAacUaa
aHWKJIAIl MMKOHHHE Oepany. Ernamys 2020-2025 iinmap yayH «Y36eKHCTOH TeMHp Hymapuy»
A mabiymoTiIapu acocuia CHHOBIAH YTKa3HUJITaH.

Kamut cy3map: wukrucoamii XxaBQCH3IMK; TEMHUpP MY TPaHCIOPTH; 3pTa OTOXJAHTHPHIL;
yerapaBuil Kuiimatiap; QyHKIMOHAI KypcaTKU4jiap; BaroH ailJlaHMAacH.

Relevance

Economic security assessments of railway enterprises still rely mainly on liquidity, profitability
and leverage ratios [1; 2]. These indicators record the financial footprint of a problem rather than
its origin. In railway systems, economic erosion begins in the operating architecture. Locomotive
cycles lengthen, wagons wait at technical stations, headways shrink and maintenance intervals
shorten well before any deterioration becomes visible on the balance sheet. At Uzbekistan
Railways JSC, for example, the current liquidity ratio stayed within 1.19-1.22 in 2020-2025,
while in 2023 expenses grew by 16.9% against revenue growth of 6.1%, and asset turnover fell
from 0.66 to 0.60 in 2023-2025. A conventional assessment therefore signals stability exactly
when functional pressure is building up.

The threshold approach to economic security [1] and the signal approach to early warning [3]
provide the logic needed here: an indicator crossing a predefined boundary is treated as a leading
signal of crisis. Existing threshold systems, however, are designed for national or regional
economies and use financial or macroeconomic indicators. They do not treat time, circulation and
traffic rhythm as economic categories, even though these are decisive in railways, where freight
in transit represents frozen capital [4].

Aim and methods

The aim of the study is to build a railway-specific indicator system and to justify threshold values
that detect economic security threats at the functional stage. The methods include systems and
functional analysis, comparative analysis of practice in Japan, Germany, France, China and
Russia, expert evaluation, and index-based assessment. The empirical base is the financial and
operating data of Uzbekistan Railways JSC for 2020-2025 [5].
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Results

A system of 25 functional-integrative indicators is proposed, grouped into five blocks. These are

(1) locomotive circulation stability; (2) wagon turnaround and resource velocity; (3) infrastructure
pressure and traffic rhythm; (4) operating costs and functional pressure; and (5) tariff-investment
consistency and technological stability. For each indicator three boundaries are justified: normal,
pre-crisis and crisis. The key indicators are shown in the table.

Table 1 Key functional-integrative indicators and their threshold values

Indicator Unit Normal Pre-crisis Crisis
Locomotive-cycle deformation index coef. <0.25 0.26-0.45 >(0.45
Locomotive load pressure index % <75 7690 >90
Functional locomotive idle pressure % <8 9-16 > 16
Resource-flow continuity index coef. >0.90 0.75-0.89 <0.75
Wagon turnaround pressure index days <4.0 4.1-6.0 >6.0
Infrastructure density pressure index coef. <0.55 0.56-0.75 >0.75
Headway deterioration min <12 13-20 >20
Operating energy pressure coefficient coef. <0.22 0.23-0.40 > 0.40
Maintenance-cycle erosion index coef. <0.18 0.19-0.35 >0.35
Tariff-signal transformation coefficient coef. >0.85 0.65-0.84 <0.65
Investment renewal gap index coef. <0.20 0.21-0.40 >0.40
Capital renewal rate % >12 6-11 <6

Source: developed by the author (the full system contains 25 indicators).

The boundaries are not purely statistical intervals. Each one marks a qualitative change in the
underlying economics. Beyond a locomotive-cycle deformation index of 0.45, traffic thythm loses
internal synchronisation, reserve locomotives are drawn in, maintenance cycles shorten and
operating pressure grows cumulatively rather than linearly. Below an infrastructure density index
of 0.55, delays are absorbed within the system; above it, they become an independent source of
operating pressure. This is consistent with international evidence that network sensitivity to delays
rises sharply once capacity utilisation exceeds 80—-85%. A tariff-signal transformation coefficient
below 0.85 means that part of the tariff revenue is absorbed by accumulated operating pressure
instead of funding technological renewal.

To make heterogeneous indicators comparable, each is normalised by a dynamic function that
combines the deviation from the norm, signal delay t and risk elasticity f3:

Zi(t) = [(x() —x") / (xi€ = xM] - (1 + hm) / (1 + e P-FAx}) (1)

where x;" and x;® are the normal and crisis thresholds and A; is the delay sensitivity. The sigmoid
denominator ensures that the risk score grows in steps rather than linearly as an indicator
approaches the crisis boundary. This turns a binary threshold breach into a continuous, delay-
sensitive signal.

Applying the thresholds to Uzbekistan Railways JSC yields practically relevant warnings that
financial ratios miss. Average wagon turnaround (3.84-3.90 days) still lies in the normal zone, but
only 0.10 days (2.5%) remain before the boundary. Locomotive productivity rose by 18.2% in
2021-2025 while wagon productivity rose by only 5.9%, indicating growing locomotive load
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without a matching acceleration of wagon circulation. The domestic tariff index was held at 26.7
in 2021-2024 and the transit index was cut from 29.1 to 25.5 in 2025. This signals that tariff
revenue is not being converted into infrastructure renewal, which moves the tariff-signal indicator
towards the pre-crisis zone.

The threshold system has been adopted by Uzbekistan Railways JSC. Estimates indicate that it
increases the speed of detecting functional breaks by 20-25% and shortens the time needed to take
preventive decisions by 15-18%.

Conclusions

Threshold values defined in time and movement units (days, minutes, cycle deformation) allow
railway enterprises to detect economic security threats at the functional stage, before they become
financial losses. It is recommended (1) to run monthly functional monitoring against these
thresholds alongside financial reporting; (2) to integrate the indicators into a single digital
dispatching and data platform; and (3) to differentiate the thresholds by corridor and cargo type in
further research.
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