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Abstract. Problem. The development of international freight and passenger transport corridors is
accompanied by limited digital integration and fragmented management mechanisms. Insufficient
implementation of digital technologies, the absence of integrated transport flow management
platforms, and inconsistency of data exchange standards reduce the operational efficiency of
transport corridors. Methodology. A phased approach to the formalization of the transport corridor
as a cyber-institutional system is proposed. Within this system, digital components, including
Intelligent Transport Systems (ITS), the Internet of Things (1oT), and Big Data analytics, interact with
management instruments, including customs procedures and regulatory mechanisms, within a unified
adaptive management loop. The proposed model considers the interaction between digital,
institutional, and external subsystems in real time. Results. An integrated indicator for evaluating
transport corridor performance was developed, taking into account delivery time, safety level,
operational costs, and service quality. In addition, a digital-institutional consistency coefficient was
introduced to quantitatively assess the degree of interaction between digital platforms and
institutional mechanisms. It was established that the level of synchronization between these
components significantly affects overall system efficiency. The developed model includes a dynamic
description of transport flows and feedback mechanisms that ensure the adaptation of digital and
management components according to system performance indicators. It was determined that the
efficiency of a transport corridor depends not only on technical parameters but also on the level of
integration between digital and institutional environments. Originality. A phased approach to the
formalization of an international transport corridor as a cyber-institutional system was proposed. In
contrast to existing approaches, the developed framework integrates digital technologies and
institutional management instruments within a unified adaptive system. Practical value. The obtained
results make it possible to formalize transport corridor management processes, evaluate the impact
of digitalization, and substantiate measures aimed at improving efficiency through the harmonization
of technological and institutional solutions.
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Introduction and Analysis of publications

The current development of international freight
and  passenger transport  corridors s
characterized by increasing complexity
associated with their functioning as multi-level
cyber-physical systems integrating

infrastructural, logistical, informational, and
institutional components. Globalization
processes, market integration, and increasing
transit flows determine the necessity to improve
the efficiency, reliability, and safety of transport
corridor operation.
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At the same time, existing approaches to the
regulation of international transport corridors
remain  fragmented and insufficiently
coordinated. On the one hand, digital
technologies are actively implemented to provide
operational monitoring and optimization of
transport flows. On the other hand, institutional
mechanisms often fail to adapt to the pace of
digital transformation, resulting in regulatory
gaps and reduced system efficiency.

A significant problem is the absence of an
integrated model describing the interaction
between digital and institutional regulation
mechanisms within a unified transport corridor
system. Existing studies mainly focus either on
technological aspects of digitalization or on

separate institutional instruments, without
ensuring their integrated interaction. This
complicates  managerial ~ decision-making,

reduces coordination among transport process
participants, and limits the possibilities for
forecasting and adaptation to external
environmental changes.

In addition, the absence of formalized
methods for quantitative assessment of the
effectiveness of digital and institutional
integration does not allow adequate evaluation of
the influence of regulatory decisions on transport
corridor performance indicators, including
throughput capacity, delivery time, service
quality, and transportation safety.

Therefore, there is a scientific and practical
need to develop a comprehensive approach to
integrating digital and institutional mechanisms
for regulating international freight and passenger
transport corridors based on their representation
as an integrated cyber-institutional system. This
requires the development of appropriate
mathematical models, assessment methods, and
practical implementation tools.

Analysis of publications

Modern studies confirm the transformation of
international transport corridors into integrated
logistics systems operating at the intersection of
infrastructure,  digital  technologies, and
regulatory policy [3, 13, 16, 26, 28, 29]. Under
such conditions, transport corridors become

complex  systems  combining physical
infrastructure, transport flows, information
technologies, and institutional regulation

mechanisms [1, 2, 4, 12].

One of the key directions for improving
transport  corridor  efficiency is  the
implementation  of  digital  technologies,
particularly Intelligent Transport Systems (ITS),

the Internet of Things (lIoT), Big Data analytics,
and Digital Twins, which improve the
transparency and controllability of transport
processes [5, 8, 9, 17, 21, 22, 25, 28, 30, 33].
Digitalization contributes to reducing transit time
and operating costs and improves transport flow
forecasting.

At the same time, the efficiency of
international transport corridors largely depends
on institutional factors, including legal
regulation, customs procedures, administrative
barriers, and the level of international
coordination [14, 27, 32, 33]. Insufficient
consistency between institutional mechanisms
and digital transformation processes results in
regulatory imbalances and reduces the
effectiveness of transport corridor functioning.

Despite the large number of studies in this
field, current approaches to transport corridor
regulation generally focus either on technological
aspects of digitalization or on institutional
mechanisms separately [6, 10]. The absence of an
integrated model describing an international
transport corridor as a unified cyber-institutional
system complicates effective management and
limits opportunities for forecasting transport
system development [7, 23].

Therefore, the relevance of the study is
determined by the necessity to develop an
integrated approach to regulating international
freight and passenger transport corridors based
on combining digital and institutional
mechanisms within a unified cyber-institutional
system.

Research  Objective
Framework

and Methodological

The purpose of the study is to develop a
theoretically and methodologically substantiated
approach to the integration of digital and
institutional  mechanisms  for  regulating
international freight and passenger transport
corridors through their interpretation as an
integrated cyber-institutional system, as well as
to develop an integrated model of a transport
corridor as a complex cyber-physical system.
The methodological basis of the study
combines general scientific and specialized
approaches aimed at the systematic analysis of
international transport corridors as cyber-
institutional systems under conditions of digital
transformation. The application of systems,
cybernetic, and cyber-institutional approaches
made it possible to consider the transport corridor
as a multi-level integrated system in which
technological solutions are combined with
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organizational and management mechanisms,
taking into account feedback, adaptation, and
self-regulation processes.

The system structure was formalized using
conceptual modeling, in which the transport
corridor is represented as the interaction of the
digital subsystem (D) and institutional subsystem
(M), the external environment (E), and
performance indicators (R). Their dynamics were
described using mathematical models based on a
functional-structural approach and recurrent
dependencies, which made it possible to
substantiate the existence of a closed-loop
management mechanism.

The efficiency assessment was carried out
using a multi-criteria approach integrating key
indicators into a unified generalized criterion.
The level of consistency between digital and
institutional components was determined using
mathematical statistics methods, particularly
covariance analysis, which enabled the
development of a  digital-institutional
consistency coefficient.

Additionally, methods of analysis, synthesis,
and factor modeling were applied to investigate
system behavior over time, evaluate the influence
of external factors, and analyze possible
scenarios of transport corridor functioning.

Development of an Integrated Model of the
Transport Corridor as a Complex Cyber-
Physical System

The development of international freight and
passenger transport corridors takes place under
conditions of several systemic constraints,
among which insufficient digitalization and the
absence of integrated transport flow
management platforms are the most significant
[2, 16, 34]. The lack of unified data exchange
standards additionally limits the effective
implementation of digital technologies and
reduces the overall efficiency of corridor
functioning [13, 15, 27]. Solving these
problems requires the formalization of
transport corridor efficiency based on an
integrated performance indicator [11].

Within this study, a phased approach to
integrating technical and organizational factors
into a unified management model is proposed, in
which digital platforms (ITS, 10T, Big Data) and
management instruments (customs procedures,
regulatory mechanisms) operate as components
of an integrated system [9, 15, 16, 31].

Accordingly, a transport corridor can be
interpreted as an integrated cyber-physical
management system, in which digital platforms

form the information level, management
decisions form the institutional level, and their
interaction ensures the formation of an adaptive
management mechanism [18, 20].

At the first stage, the transport corridor system
is represented as

s =(D, M, E, R), (1)

where: D — digital subsystem (ITS, loT, Big
Data); M - institutional subsystem (customs
authorities, regulators); E — external environment
(traffic intensity, demand, risks);
R — performance indicators.

The structure of the digital subsystem is
represented as

D = f(loT, ITS, BD) , )

where: 10T — sensor data (speed, location, vehicle

condition); ITS - transport flow management

systems; BD — analytical and forecasting tools [2, 6].
The institutional subsystem is represented as

M = g(C, Reg, Pol). (3)

where: C — customs procedures; Reg — regulatory
instruments; Pol — management policies (flow
prioritization, restrictions) [2, 3].

The integration of digital and institutional
subsystems forms the key relationship within the
cyber-institutional system. At the same time,
management decisions are dynamic and depend
on digital information flows in real time [31]

M(t) = 9(D(1), E(1)) @

Conversely, management decisions influence
the parameters of the digital subsystem

D(t+1) = f(M(t))D(t+1), (5)

The formalization of the interaction
between digital and institutional components
confirms the existence of a closed-loop
management  mechanism, within  which
information flows, digital platforms, and
regulatory instruments interact in real time.
This ensures management adaptability,
optimization of system performance, and
increased resistance to destabilizing external
factors [18, 20].

Automobile transport, Vol. 58, 2026



TpaHCIIOPTHi T€XHOAOTriIi

107

Integrated Performance Indicator

At the second stage, an integrated indicator of
transport corridor efficiency is introduced. A
generalized criterion is represented as

R =al +BS+yC +3Q, (6)

where: T — corridor transit time; S — safety level,
C - operational costs; Q — service quality;
a, B, v, 6 —weighting coefficients [11].

To determine the degree of consistency
between digital information and management
decisions, a digital-institutional consistency
coefficient is introduced, which characterizes
the level of interaction between digital and

institutional components of the transport
corridor [19, 24].
Cov(D,M
kintzg' (7)
Op Om
where: Cov(D, M) - covariance between

variables D and M; D - digital parameters
(digitalization level, 10T, ITS); M — institutional
parameters (regulation, customs procedures,
management policies); op — standard deviation of
digital parameters; om — standard deviation of
institutional parameters.

Interpretation of the consistency coefficient:

kin—1 — complete synchronization of digital
and institutional components;

kin—0 — inconsistency between digital
information and management mechanisms.

The obtained model demonstrates that digital
technologies (ITS, 10T, Big Data) not only collect
information but also influence management
decisions, whereas customs and regulatory
mechanisms transform from static instruments
into adaptive management tools [6, 15].

The coefficient ki allows the interaction
between digital platforms and institutional
mechanisms to be formalized, quantitatively
assesses the level of transport corridor
integration, and may be used as a criterion of
cyber-institutional system efficiency.

Integrated Transport Corridor Model

At the third stage, the coefficient kix is integrated
into a comprehensive transport corridor model.
The transport corridor is considered as a system.

S ={D(1), M (1), F(©), E®}, (8)

where: D(t) — digital subsystem (ITS, 10T, Big
Data); M(t) — institutional subsystem (regulation,
customs procedures, management policies);
F(t) — transport flows; E(t) — system performance
efficiency.

Accordingly, the integrated efficiency
function of the transport corridor can be
represented as

E(t) = o-Q(t) + B-V(D) + 9
Y-R(t) + 8-k (1), ©
where: Q — throughput capacity; V — delivery
speed; R — reliability (resistance to disruptions);
kint — level of consistency between digital and
institutional components; a, B, y, 6 — weighting
coefficients.

The model analysis indicates that transport
corridor efficiency depends not only on
technical parameters but also on the level of
integration between digital and institutional
environments [16, 31].

The dynamics of transport flows are
described as.

aF
dt

=1 (D, M, ki), (10)

In expanded form.

‘fj_f=ao(t) £ DM (t) +cky, —pF(t), (11)
where: a, b, ¢ — influence coefficients; u — loss
coefficient (delays, downtime, disruptions).

The feedback mechanisms of the transport
corridor management system are represented as.

D(t+1) = D(t) + o,E(t), (12)

M(t+1) =M (t) + @,E(1), (13)

where: ¢, ¢, — system adaptation coefficients.

Therefore, feedback mechanisms form an
adaptive closed-loop management system
capable of adjusting transport corridor operation
according to changes in environmental
conditions and performance indicators.

Thus, the developed mathematical model of
the transport corridor as a cyber-institutional
system makes it possible to:
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— represent the transport corridor as an
integrated system;

— account for the interaction between
technological and institutional components;

— formalize the influence of digitalization on
transport and logistics processes;

— evaluate the effect of harmonizing policies
and standards.

Discussion of Results

The obtained results confirm the feasibility of
moving from fragmented approaches to the
management of international transport corridors
toward their consideration as integrated cyber-
institutional systems. In contrast to conventional
approaches, in which digital tools and regulatory
mechanisms function separately, the proposed
approach demonstrates that system efficiency
significantly depends on the consistency of their
interaction.

The study confirms the existence of a closed-
loop management mechanism in which digital
technologies (loT, ITS, Big Data) perform not
only monitoring functions but also directly
influence management decisions in real time. At
the same time, institutional and organizational
mechanisms affect the parameters of the digital
environment, forming a bidirectional interaction
between  technological and  management
components. Such an interpretation corresponds
to the principles of cyber-physical systems and
supplements them with an institutional
component.

The proposed integrated efficiency indicator
demonstrates the limitations of traditional
performance assessment criteria, including
delivery speed, throughput capacity, operational
costs, and reliability, which do not fully
characterize transport corridor functioning. The
introduction of the coefficient kin: sShows that even
with a high level of technical support, corridor
efficiency may remain low due to insufficient
consistency between digital information and
management decisions.

The analysis also indicates that the coefficient
kinn acts as a system-forming parameter. Its
increase is accompanied by higher efficiency due
to improved interaction among system
components. Conversely, low values of this
coefficient lead to imbalances, increased delays
and operational costs, and deterioration in
transport service quality, even under conditions
of developed digital infrastructure.

The developed dynamic model of transport
corridors, including feedback mechanisms,
makes it possible to consider the transport

corridor as an adaptive system capable of self-
adjustment. This creates conditions for
improving transport corridor management
through forecasting methods and real-time data
analysis.

Therefore, the efficiency of international
freight and passenger transport corridors is
determined not only by individual indicators but
also by the degree of consistency and integration
of digital and institutional components, which
ensures system adaptability and operational
stability ~ under  conditions of  digital
transformation.

Conclusions

The conducted study confirms that the main
constraints affecting the development of
international freight and passenger transport
corridors are fragmented digitalization, the
absence of integrated transport flow management
platforms, and inconsistency of data exchange
standards. This determines the necessity of
transitioning from the consideration of transport
corridors as separate elements to their
interpretation as integrated systems combining
digital and institutional components.

The main result of the study is the
development of an integrated cyber-institutional
model of an international transport corridor.
Within the proposed approach, the following
results were obtained:

— an international freight and passenger
transport corridor was conceptualized as a cyber-
physical management system with digital (D) and
institutional (M) subsystems interacting through
the external environment and performance
indicators;

— a formalized representation of the dynamic
interaction between digital platforms and
management decisions was developed through
the relationships:  M(t)=g(D(t), E(t)) and
D(t+1)=f(M(t)) which reflect adaptive real-time
management;

— the existence of a closed-loop management
mechanism was substantiated, within which
system performance affects management
parameters, while management decisions
influence digital and institutional system
characteristics.

In addition, a digital-institutional consistency
coefficient ki was introduced, making it possible to:

— formalize the degree of synchronization
between digital information and management
mechanisms;

— quantitatively assess the level of transport
corridor integration;

Automobile transport, Vol. 58, 2026
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— determine a system-forming parameter
affecting the interaction efficiency of
technological and institutional components.

An integrated transport corridor performance
function was developed. Unlike existing
approaches, it includes not only traditional
logistics indicators (delivery speed, throughput
capacity, reliability), but also the consistency
coefficient ki, which makes it possible to
evaluate the interaction of system components in
an integrated manner.

The developed mathematical model enables:

— the formalization of the impact of
digitalization on transport process efficiency
through feedback mechanisms;

— the integration of technical (ITS, loT, Big
Data) and organizational (customs procedures,
regulation, management policies) factors within a
unified analytical framework;

— the simulation of adaptive transport corridor
functioning under changing environmental
conditions and risks.

It was established that the efficiency of
international freight and passenger transport
corridors depends not only on technical
parameters but also on the degree of consistency
between digital and institutional components.
This creates a methodological basis for
improving transport corridor management under
conditions of digital transformation.
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Hudposi Ta iHcTUTYUIIHI MexaHi3MHU
pery/IoBaHHs Mi’KHAPOJAHUX TPAHCIOPTHHUX
KOPH/AOPIB BAHTAKHHUX i MacCaKUPChbKHUX
nepeBe3eHb

Anomauin. Ilpobonema. Y cmammi posenanymo
npobaemamuxy PO38UMKY MIHCHAPOOHUX
MPAHCNOPMHUX Kopuoopis BAHMANCHUX i

nacasiCupCcoeKux nepeee3eHb 6 ymoeax obmedrcenol

yugposoi  inmeepayii  ma
VYNPAGNIHCOKUX —~ MEXAHIZMIB.

@pacmenmapnocmi
Obrpynmosano, o

KII0Y08UMU ~ CMPUMYBANbHUMU — YUHHUKAMU €
HeOOCMAamHill  PIGeHb  GNPOBAONCCHHS  YUDPOBUX
MexHoNo2ilt,  GIOCYMHICMb  €OUHUX — NIAM@Popm
YNPAGNIHHA — MPAHCNOPMHUMYU — NOMOKAMU — MaA

HeY32000iCeHiCmb CManoapmis 0OMIHY OAHUMU, WO
SHUIICYE epeKMUBHICMb QYHKYIOHYBAHHS KOPUOODIS.
Mema. Memoro Oocniddicenna 6yno Gopmysanns
MeopemuiuHo ma Memooo02iUHO OOTPYHIMOBAHO2O
nioxo0dy do inmezpayii yugposux ma IHCMUmMyyitHux

MexaHnizmie pPe2yN0BaAHH MIHCHAPOOHUX
MPAHCNOPMHUX KOpuoopie BAHMAIICHUX i
nacasicupcoKux nepegesenv WAAXOM ix

inmepnpemayii axk yinicnoi Kibep-iHcmumyyiunoi
cucmemu, a Maxodc po3poONeHHs  THMeSPOBAHOT
MOOeni mpaHCnopmHo20 KOpuoopy SK CKIAOHOT

xibepgizuynoi cucmemu. Memooonocis.

3anpononosano noemannuii nioxio 0o gopmanizayii
MPAHCNOPMHO20 KOPUOOPY K Kibep-iHCmumyyitiHoi

cucmemu, y meogicax sikoi yugposi komnonenmu (ITS,
IloT, Big Data) ma ynpagninceki incmpymenmu
(Mumni  npoyedypu,  pecyisimopHa — NONIMUKa)
83A€MO0iIOMb Yy COUHOMY AOANMUBHOMY KOHMYPI.
Mooenv  nepedbauac  onuc  cucmemu  uepes
63AEMON0G A3aHT  YUPPOSUL, THCMUMYYIUHUL ma

306HIWHIU KOHMYPU 3 YPAXY8AHHAM iX OUHAMIUHOT

83aeM00ii’ 8 pedcumi peanvHozo uacy. Pesynomamu.
Cehopmosano inmezpanbHull NOKA3HUK
epexmusHocmi  YYHKYIOHYBAHHA ~ MPAHCNOPMHO20
KOpUOopy, aKuil 8paxoeyc yac OOCMAGIEHHs, Pi6eHb
besnexu, sumpamu ma axicmo cepgicy. /looamkoeo
66€0€HO KOeIiyieHm Y32004CeHOCmI, WO 00360JI1€
KIIbKICHO — OYiHumu  piseHb  inmezpayii  Midxc
yugposumu niamgopmamu ma iHCMUmMyyidHuMu
mexanizmamu. Ilokazano, wo came cmyniub ix
CUHXPOHI3ayili ICMOMHO 6NIUBAE HA  3A2ANbHY
epexmusnicmov  cucmemu. Pospobnena  moodens
00NOGHEeHA OUHAMIYHUM ORUCOM  MPAHCNOPIHUX
NOMOKI6 | MeXauizmMamu 380POMHO20 38 A3KY, AKI
3abe3neuyoms aoanmayiro yughpogux i
YNPAGTHCOKUX KOMNOHEHMIB 3a1e2HCHO 8i0
pesynomamie (QyHKyionyeanus, cucmemu. J{osedeHo,
wo  eghexmusHicmb  MPAHCNOPMHO20 — KOPUOOPY

BUSHAYAEMbCA He JUe MEeXHIYHUMU napamempami,
a 1 pignem inmezpayii yugposozo ma pecynamopHozo
cepedosuwy.  Opucinanvnicme.  3anpononosano
noemanHuil nioxio 00 opmanizayii MpaHcnopmHo20
Kopuoopy 5K Kibep-incmumyyiinoi cucmemu, y
meacax axoi yupposi xomnonewmu (ITS, loT, Big
Data) ma ynpaenincoxi incmpymenmu  (Mumui
npoyeoypu, pe2yismopHa NOAIMUKa) 3aEmMooiioms y

eounomy  aoanmusnomy koumypi. IIpakmuune
3nauennsn. Ompumani pe3yiomamu  00360J510Mb
Gopmanizyeamu npoyecu YRPAGNIHHSL

MPAHCNOPMHUMU  KOPUOOPAMU, OYIHIOBAMU GNIUG
yugpogizayii  ma  00IpYHMOGYSAmMU  HANPAMU
nioBUWEeHH eeKMUSHOCME WIISAXOM 2apMOHI3ayii
MEXHON02TUHUX | IHCIMUMYYIUHUX PilieHb.

Kniouosi  cnoea:  midicnapooni  mpancnopmui
Kopuoopu, iHcmumyyiiine Pecyno8aHHs,
yugposizayis, ribepghizuuna cucmema, 6AHMAIICHI
ma  nacaxdcupcobKi  nepege3eHHs,  MamemMamuyHd
MoOenb.
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