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In the study, foreign case studies of IT startups in the railway sector—as a component of
intellectual business—were examined, and the ways in which their experience may be applied to
the modernization of Ukrzaliznytsia under wartime conditions were identified. The analysis
demonstrated that international practices—such as Al-based predictive maintenance,
autonomous inspection systems, digital workflow platforms, and advanced communication
technologies—can significantly strengthen the operational efficiency, resilience, and safety of
Ukraine’s railway system.

A SWOT analysis of creating IT startups in Ukrzaliznytsia was conducted, and key
strengths (high demand for modernization, strong national IT talent pool, governmental and
international support), weaknesses (institutional resistance, limited funding, regulatory
complexity), opportunities (post-war reconstruction, EU integration, new digital business
models), and threats (economic instability, cybersecurity risks, talent drain) were identified.

Based on the conducted research, we proposed a Strategic Framework for forming an IT
startup ecosystem in Ukrzaliznytsia, consisting of six interrelated directions: establishing a
Railway Innovation Hub, strengthening public-private partnerships, implementing regulatory
sandboxes, deepening university—industry collaboration, providing secure access to operational
data, and introducing innovation-oriented procurement mechanisms. Together, these directions
represent a structured approach to stimulating digital transformation, encouraging
experimentation, and integrating advanced technological solutions into the railway system.

Prospects for further research involve creating a detailed implementation roadmap for
this startup ecosystem, developing evaluation metrics for innovation projects, and examining
cvhercernirity: mndele tailored to critical railway infrastructure. Future studies should also
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consider mechanisms for long-term cooperation between Ukrzaliznytsia and international
innovation networks to ensure sustainable technological development.

Key words: intellectual business, railway startups, digitalization, Ukrzaliznytsia,
strategic framework, IT startup ecosystem.

IHTEJIEKTYAJIbHUM BI3HEC Y 3AJII3HUYHIN COEPI:
3APYBIXKHI KEMCH IT CTAPTAIIIB

Hazapenko LJL, k.e.n., oouenm (Yxp/1Y3T)

V' cmammi posensnymo 3apyoOioicni memamuyni  docnioxcenus IT-cmapmanie y
3anI3HUYHOM) CEKMOpI AK CKIA0080i IHMENeKmMyaibH020 Oi3HeCy, a MAKOM#C GUSHAYEHO Cnocoou
3acmocy8amHsi iXHb020 00C8i0y 00 MOOEepHIZayii YKp3anizHuyi 6 ymosax 80€HHO20 uacy. Ananiz
NPOOEMOHCMPYBAS, W0 MIKCHAPOOHI NPAKMUKY, MAKI SIK NPOSHO3HE 00CTY208)68aAHHS HA OCHOGI
WMYYHO20 THMENeKmy, A6MOHOMHI cucmemu IHCneKyii, niamgopmu yugposux podoouux
npoyecie ma nepeoosi KOMYHIKAYIUHI MeXHON02il, MONCYMb 3HAYHO NIOGUWUMU ONEPAYIlIHY
eexmusnicmv, cmitikicms ma dOe3nexy 3ani3HuYHol cucmemu Ykpainu.

Buxonano SWOT-ananiz cmeopenns IT-cmapmanie 6 Ykp3zanisnuyi, wo 003601u10
BUZHAYUMU KTHOYOBI CUTIbHI CIMOPOHU (8UCOKULL NONUM HA MOOEPHI3aYil0, CUNbHUL HAYIOHATbHUL
peseps IT-mananmies, ypsioosa ma MidicHapoOOHa NIOMPUMKA), CIAOKI CIMOPOHU (THCIMUMYYitiHu
onip, obmedicene QDIHAHCYBAHHS, CKIAOHICMb Pe2yNo8aHHs), MONCIUBOCMI  (NICIABOEHHA
8i00y0os6a, inmeepayia 3 €C, Ho6i yugposi 6izHec-moodeni) ma 3azpo3u (eKOHOMIUHA
HecmaobibHiCMb, pU3UKU Kibepbe3nexu, 8i0miK maianmis).

Ha ocnosi nposedenozo oocniosicenna namu 3anpononosano Cmpameziuny pamiy Ois
dopmyeanna exocucmemu IT-cmapmanie 6 VYkp3zanisnuyi, wo ckiadacmvca 3 wecmu
83AEMONOB'A3AHUX HANPAMKIB. CMBOPEHHS 3aNi3HUYHO20 [HHOBAYIUHO020 XA0OY, 3MIYHEHHS
0EPIAHCABHO-NPUBAMHO20 NAPMHEPCMEA, 6nposaddicents Regulatory sandboxes, noenubnenms
cnienpayi midc yHigepcumemamu ma nPoMUCIO8icmio, 3a0e3neduents Oe3neuHo2o 00Cmyny 00
onepayitHux OaHux ma 6npo8aAONCeHHs IHHOBAYILIHO-OPIEHMOBAHUX MEXAHI3MI8 3aKynigeib.
Pazom yi nanpsavku npeocmasnsaiomo cmpykmypogaruti nioxio 00 CMUMYIO8AHH YUDPOBOT
mpaHcgopmayii, 3a0X04UeH s eKCnepuMeHmie ma iHmezpayii nepedosux MexHoN0IUHUX PilleHb
V 3QNI3HUYHY CUCTNEMY.

Tlepcnexmusu nooanbuux 00CIiOHCeHb BKIIOUAIOMb CMBOPEHHST OeMAaNbHOI 00POHCHLOI
Kapmu 6npo6aoddceHHsi 3anponoHO8aAHOI eKOCUCmeMU Cmapmanis, po3poOieHHs MempuK OYiHKU
IHHOBAYIUHUX NPOEKMI6 Ma BUBYEHHs MoOelell Kibepbe3neku, aoanmosanux 00 KpumuyHoi
3aNi3HUYHOL THpaAcmMpyKmypu.

Knrouogi cnoea: inmenexkmyanvnuii 0i3nec, 3ani3HuuHi cmapmanu, yugposizayis,
Ykpzaniznuuysa, cmpameziuna pamka, ekocucmema I'T-cmapmanis.

Introduction. Since the onset of
Russia’s full-scale invasion in 2022, Ukrainian
Railways (Ukrzaliznytsia) has emerged as a
critical  component of the nation’s
infrastructure,  directly  contributing to
Ukraine’s economic sustainability, territorial

assumed a central role in ensuring national
mobility.  Ukrzaliznytsia has not only
facilitated the large-scale evacuation of
civilians from combat zones but has also
maintained the uninterrupted delivery of
humanitarian aid, military logistics, and

cohesion, and humanitarian resilience. In the
absence of functioning civil aviation and the
increased volatility of road transport due to
military threats, the railway network has

medical supplies across the country.

Moreover, the railway system has
continued to support the Ukrainian economy
through the export of agricultural products,
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particularly grain, which is vital not only for
Ukraine's economy but also for mitigating
global food insecurity. In this context,
Ukrzaliznytsia serves as a key logistical
backbone for both national recovery and
international stability.

Despite  operating under wartime
conditions, which include regular missile and
drone strikes on transport infrastructure,
Ukrzaliznytsia has sustained operations with
remarkable resilience. Official data indicate
that more than 500 kilometers of rail lines and
at least 126 stations have been significantly
damaged since the beginning of the invasion
[1]. Nevertheless, services continue with only
limited disruption — underscoring the sector’s
operational ~ adaptability and  strategic
relevance.

Given this context, restoring and
modernizing Ukrzaliznytsia is not merely a
matter of infrastructure rehabilitation but a
prerequisite for Ukraine’s survival and post-
war reconstruction. It is essential to strengthen
its digital, logistical, and security capacities
through innovation. Investing in railway-based
startups and adopting international best
practices could play a transformative role in
ensuring that Ukrzaliznytsia continues to serve
as a pillar of national resilience during and
after the conflict.

Additionally, Ukrzaliznytsia's ongoing
challenges—such as cyberattacks, outdated
infrastructure, and limited integration with
European rail systems—highlight the urgent
need for digital innovation. The 2018
Shift2Rail report [2] underscores that digital
transformation is essential for enhancing
efficiency, safety, and customer satisfaction in
railways. By fostering IT startups, Ukraine can
develop tailored solutions like predictive
maintenance, automated logistics, and real-
time tracking systems. Such innovations can
address systemic inefficiencies and bolster
resilience.  Ukraine’'s  burgeoning  tech
ecosystem, supported by initiatives like
Diia.City and the Ukrainian Startup Fund,

provides a fertile ground for these
developments. Integrating IT startups into
Ukrzaliznytsia's ~ operations  not  only

modernizes the railway sector but also
contributes to the broader economic recovery
and positions Ukraine as a leader in ralil
innovation.

Intellectual business includes
Information and Telecommunication, Financial
and Insurance activities,  Professional,
Scientific and Technical activities, Education,
and some other types of activities [3].
Therefore IT sphere definitely belongs to
intellectual business.

Analysis of recent studies. Domestic
scientists who have been covering the topic of
startup development in recent years are:
Boyarynova K. O. [4], Duma O. I., Zavtura K.
O. [5], Kokhan M. O., Mazur A. V. [6],
Kravchenko M. O., Gazaryan E. A. [7], V.P.
Makoviy [8], Sak T. V., Shostak L. V.,
Voznyuk Yu. S. [9], Sytnyk N. I. [10],
Yatskevich I. V., Petrashevska A. D,
Kemarska T. G. [11] and others. Thus, the
article by V.P. Makoviy [8] is devoted to the
study of the legal nature of a startup as a
participant in IT relations in view of the
existing scientific approaches, the economic
essence of this concept and the provisions of
current legislation. In the paper [9] Sak T. V.,
Shostak L. V., Voznyuk Yu. S. investigated
the theoretical aspects of the functioning of
startups as a form of innovative business
organization: the essence, content, and
differences of startups from traditional
entrepreneurship were considered.

The issue of digitalization of the railway
transport has been studied by Ukrainian
researchers V.L. Dykan, H.V. Obruch, [12,
13], V.V. Kompaniets [14], 1.V. Tokmakova
[15] and others, whose studies outlined the
prospects for the development of railway
transport enterprises (for instance, in [16]). At
the same time, the issues of promoting
digitalization with limited investment during
the war remained insufficiently researched,
which is why in the paper [17] we suggested
using experience of Indian Railways with
startups developing as a way of enhancing
digitalization in railway transport. In [18] we
outlined key digitalization priorities for
Ukrzaliznytsia, aligning with the Vienna
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Declaration by the Community of European
Railway and Infrastructure Companies [19].
The study analyzes the current state across five
areas: Smart technical operations,
infrastructure,  freight/passenger  transport,
ticketing, and human resources.

Unexplored aspects of the issue.
Despite the existence of numerous publications
devoted to Ukrainian startups, the digitalisation
of the national railway sector, and intellectual
business, the development of startups within
the railway sphere remains insufficiently
explored.

The purpose of the study is to analyze
foreign case studies of IT startups in the
railway sector as a component of intellectual
business, to identify ways in which their
experience can be applied to the modernization
of Ukrzaliznytsia under wartime conditions,
and to develop a Strategic Framework for
forming an IT startup ecosystem within the
Ukrainian railway sector based on the results
of SWOT analysis and global best practices.

Main body of the study. In 2018,
Ukrzaliznytsia, in cooperation with the 1991
Open Data Incubator, launched the Future of
Mobility Lab. UZ edition, an incubation
program aimed at implementing innovations in
the railway sector. Out of more than 60
submitted applications, 10 startups were
selected to participate in a three-month
acceleration program. These included projects
offering solutions for theft prevention using
drones, improved ticket refund systems, and
food delivery to train cars [20].

In 2018, Ukrzaliznytsia launched a new
business incubator to support startups aiming

to modernize Ukraine's railway sector. The
initiative was designed to attract innovative
solutions in logistics, digitalization, and
passenger services, strengthening collaboration
between the railway and the tech community
[21].

However, according to available
information, the further fate of these startups
after the conclusion of the incubation program
remains unclear. In February 2019, a
representative of Ukrzaliznytsia announced
that the company planned to select 4-5
projects for further implementation [22]. Yet,
no public reports or follow-up news have
emerged confirming the actual integration of

these  initiatives  into  Ukrzaliznytsia's
operations.
This indicates that despite the

promising nature of the program and the active
involvement of startups, the integration of
innovation into  state enterprises  like
Ukrzaliznytsia faces significant obstacles. For
such initiatives to succeed, systemic support,
transparency, and effective communication
between startups and government institutions
are essential.

Therefore, examining foreign railway

startup initiatives is justified, as their
experience can serve as a valuable basis for
adapting and implementing  innovative

solutions within the operational context of
Ukrzaliznytsia.

Foreign case studies of IT startups in
the railway sector and the proposed ways in

which  Ukrzaliznytsia may apply their
experience are given in the Table 1.
Table 1

Foreign IT railway startup cases and ways Ukrzaliznytsia can apply their experience

Foreign IT railway startup cases

Ways
Ukrzaliznytsia

of application IT startups experience by

1

2

The German startup Rail-Flow [20] offers a
digital platform that fully automates and
standardizes document flow for freight
transportation, enabling users to submit
requests, analyze data, and complete
transactions within a unified system.

Digitalize Freight Documentation and Transaction
Processes

Ukrzaliznytsia
digitalization tools to streamline freight operations,
reduce manual
accelerate service delivery.

can adopt similar  workflow

processing, minimize errors, and

Fortsetzung von Tabelle 1
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1

2

The Indian company Pantherun
Technologies [20] develops advanced
communication solutions based on field-
programmable gate arrays (FPGAs), allowing
for more compact, flexible, and efficient
equipment.

Modernize On-Board and Stationary Communication
Systems

By integrating FPGA-based  communication
technologies, Ukrzaliznytsia can enhance the reliability of
train-to-infrastructure  communication, improve data
transmission speed, and support the deployment of next-
generation signaling and monitoring systems.

International startups like AXO Track and
RAILWAI [21, 22] utilize Al-driven predictive
maintenance  to  proactively identify
infrastructure issues, reducing downtime and
maintenance Costs.

Leverage  Predictive  Maintenance and Al
Technologies

Ukrzaliznytsia can adopt similar technologies to
monitor track conditions and rolling stock health,

enhancing operational efficiency and safety.

Startups such as Next Generation Robotics
[21] have developed autonomous rail
inspection robots equipped with LiDAR and
optical sensors for detailed infrastructure
assessments.

Implement Autonomous Inspection Systems

Integrating such autonomous systems can aid
Ukrzaliznytsia in conducting efficient and accurate
inspections, especially in hard-to-reach areas.

Tools developed by startups like Telegraph
[21, 22] streamline freight rail workflow
management.

Enhance  Freight with  Workflow
Management Tools

By adopting such platforms, Ukrzaliznytsia can
optimize cargo operations, improve scheduling, and

enhance overall logistics efficiency.

Operations

International startup KONUX [23] employs a
blend of smart sensors, 10T devices, and Al
analytics to continuously monitor the
condition of critical railway components —
especially switches, crossings, and trackbeds
— and to predict failures before they occur.

Leverage Predictive Maintenance and Al-Driven
Infrastructure Monitoring

By adopting a similar predictive maintenance system,
Ukrzaliznytsia could optimize its maintenance
scheduling, extend the service life of rail infrastructure,
reduce unplanned disruptions, and lower long-term
maintenance Costs.

Rail Vision [24] offers advanced computer-
vision and Al-based obstacle detection
systems that use sensors and deep-learning to
identify hazards on or near the tracks —
including people, vehicles, animals, and other
objects — giving real-time visual and
acoustic alerts intended to prevent accidents
and ensure safer operations.

Enhance Safety Through Al-Based Vision and
Obstacle Detection Systems

Implementing such vision-based safety systems
within  Ukrzaliznytsia could dramatically improve
situational awareness for train crews, reduce collision
risk, improve safety for passengers and staff, and support
more reliable and secure railway operations.

In Indonesia, PT Kereta Api Indonesia [25]
modernized a 7,000-km national rail network
using an Al-driven predictive maintenance
platform (built with sensor data, inspection
data, GIS and asset analytics) — achieving
up to 40 % improvement in maintenance
efficiency and significantly reducing time
required per maintenance segment.

Large-Scale Al-Driven Predictive Maintenance

For Ukrzaliznytsia, this demonstrates the feasibility of
deploying predictive maintenance across a national-scale
rail network. Deploying similar analytics and data-
integration  platforms could reduce maintenance
overhead, lower operational costs, and increase system
reliability — especially important for long-distance and
high-traffic routes.

Additionally, engaging with European
can provide
Ukrzaliznytsia with access to funding, research
innovation
ecosystem — facilitating the development and
railway

initiatives such as EU-Rail

collaborations, and a broad

implementation of cutting-edge

technologies. As the successor to Shift2Rail,
EU-Rail continues and expands its
predecessor’s mission to accelerate rail
research and innovation across Europe. By
integrating global innovations supported by
EU-Rail — including digital automation,
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system interoperability, and advanced
infrastructure technologies — Ukrzaliznytsia
can accelerate its digital transformation,
improve service quality, and strengthen its
position as a modern, efficient railway operator
aligned with European standards.

To understand how these opportunities
can be effectively leveraged within the
Ukrainian context, it is essential to examine the
strategic  environment in  which such
innovations would be implemented. Therefore,
a comprehensive assessment of
Ukrzaliznytsia’s  internal capabilities and
external conditions is required. SWOT analysis
of creating IT startups within Ukrzaliznytsia is
presented in Fig. 1.

Opportunities
* Post-War Reconstruction

* New Business Models
*  Academic Collaboration

Main strengths are:

- High Demand for Modernization:
The outdated state of Ukraine’s railway
infrastructure creates immediate demand for
digital innovation;

- Robust Tech Talent Pool: Ukraine’s
IT sector is well-developed, offering skilled
professionals ready to create scalable solutions;

- Governmental and International
Support: Initiatives like Diia.City and EU
programs (e.g., Shift2Rail) provide a

supportive ecosystem;

- Flexible Startup Culture: Startups
bring agility, making it easier to implement
niche and experimental technologies quickly.

W

Weaknesses

¢ Institutional Resistance

SWOT

Analysis

jhreats

* Economic Instability
* Cybersecurity Risks

* Talent Drain

* Implementation Lag

Fig.1. SWOT analysis of creating IT startups in Ukrzaliznytsia
(created by the author)

Main weaknesses are:

- Institutional Resistance: Corruption
and managerial reluctance impede rapid
adoption of startup solutions;

- Lack of Clear Strategy: Absence of
a national digitalization roadmap or centralized
coordination body within Ukrzaliznytsia;

- Limited Funding Channels: Access
to consistent venture capital or public grants
remains fragmented,

- Regulatory Hurdles: Navigating
railway safety standards and bureaucratic
processes can delay or deter innovation.

Main opportunities are:

- Post-War  Reconstruction:  The
rebuilding phase offers a unique chance to
modernize using digital tools from the outset;

- EU Integration and Standards
Alignment: Alignment with EU rail standards
opens new markets and collaboration channels;

- New Business Models: Data-driven
services, Al-based maintenance, and customer-
centered platforms can be monetized,

- Academic Collaboration: Ukrainian
universities are increasingly active in digital
R&D and can act as innovation partners.

Main threats are:

- Economic

Instability: War
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conditions and inflation can limit investment in
non-essential innovation;

- Cybersecurity Risks: As digital
reliance increases, so does vulnerability to
cyberattacks;

- Talent Drain: Skilled professionals
may emigrate or prefer private tech firms over
public rail projects;

- Implementation Lag: Even
successful pilots may struggle to scale due to
institutional inertia or regional disparities.

Ukraine’s extensive railway network,
combined with outdated infrastructure, limited
digital integration, and the pressure of wartime
logistics, creates an urgent need for innovative,
adaptive solutions. IT startups can help bridge
technological gaps, address inefficiencies, and
provide tailored digital tools for resilience and
modernization. Moreover, Ukraine’s robust
tech talent pool, supported by initiatives like
Diia.City and the Ukrainian Startup Fund,
provides fertile ground for transport-oriented
entrepreneurship.

The SWOT analysis reveals that
Ukrzaliznytsia possesses strong technological
potential and favourable external conditions
for IT startup development, yet faces
institutional,  financial, and  regulatory
constraints. Leveraging its opportunities while
mitigating identified threats requires a
structured,  innovation-oriented  approach.
These insights form the basis for developing
targeted strategy to foster IT startups within
Ukrzaliznytsia.

We propose a Strategic Framework for
Developing an IT Startup Ecosystem within
Ukrzaliznytsia that includes six strategic
directions aimed at fostering sustainable I1T-
based innovation.

1. Comprehensive strategy for
developing an IT startup ecosystem within
Ukrzaliznytsia begins with the establishment
of a dedicated Railway Innovation Hub. Such
a unit—created either inside Ukrzaliznytsia or
jointly  with  relevant  ministries and
universities—would function as the central
platform for testing and scaling new digital
solutions. Its core areas of focus would include
smart ticketing systems, Al-driven predictive

maintenance, automated scheduling tools, and
enhanced cybersecurity measures, ensuring
that innovation directly addresses operational
needs.

2. Strengthening public-private
partnerships represents the next essential
component of this strategy. Collaboration with
venture capital firms, technology accelerators,
and international transport bodies such as
Shift2Rail would make it possible to attract
investment, exchange expertise, and accelerate
adoption of new technologies. These
partnerships could also support pilot projects
on selected routes or regional hubs, enabling
startups to validate their solutions in real
operating conditions before scaling.

3. To further stimulate
experimentation, Ukrzaliznytsia ~ should
introduce regulatory sandboxes—temporary,
flexible regulatory frameworks that allow
innovative transport technologies to be tested
under controlled conditions. Such sandboxes
would permit limited exceptions for
experimental digital tools, provided that safety
oversight mechanisms are in place. This
approach would reduce regulatory barriers
while still ensuring compliance with essential
technical and safety standards.

4. Close cooperation between
universities and the railway sector is another
strategic  direction. Ukrainian universities
possess strong research potential and can
contribute through joint R&D projects,
hackathons, technology transfer initiatives, and
incubator programs. Incentivizing intellectual
property licensing from academic research
would further encourage commercialization of
university-generated innovations relevant to
the railway industry.

5. Open access to operational data
also plays a critical role in fostering an
effective startup environment. By providing
secure, anonymized datasets on train
operations, infrastructure performance, and
customer flows, Ukrzaliznytsia would enable
startups to develop data-driven products, train
Al models, and propose evidence-based
improvements. Such transparency is a proven
catalyst for innovation in the global transport
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technology sector. However, expanding data
access must be approached with caution: in a
time of ongoing war, any digital openness
increases the risk of cyberattacks from hostile
actors.  Therefore, strong cybersecurity
protocols, encrypted data-sharing systems, and
continuous monitoring are essential to ensure
that innovation does not compromise national
security or  expose critical  railway
infrastructure to malicious interference.

Finally, the ecosystem must be
reinforced by an incentivized procurement
framework  that  prioritizes  Ukrainian-
developed IT solutions. Targeted startup
grants,  reduced  taxation, preferential
procurement policies, and innovation-friendly
tender requirements would encourage domestic
companies to  pursue railway-focused
innovations. This approach would not only
reduce dependence on foreign technology but
also strengthen the national digital economy.

Together, these six strategic elements
form a coherent framework capable of
transforming Ukrzaliznytsia into a catalyst for
IT-driven innovation and supporting the
emergence of a sustainable, competitive startup
ecosystem within the Ukrainian railway sector.

Conclusions and prospects for
further research. In this study, we examined
foreign case studies of IT startups operating in
the railway sector and identified practical ways
in which Ukrzaliznytsia can apply their
experience. The analysis demonstrated that
innovations such as Al-based predictive
maintenance, autonomous inspection systems,
workflow optimization platforms, and modern
communication technologies have already
proven effective in Europe, Asia, and the
Americas. These solutions can substantially
improve operational efficiency, safety, and
resilience of Ukraine’s railway system,
especially under wartime constraints.

We also outlined the key challenges
that hinder startup development within
Ukrzaliznytsia, including institutional
resistance, regulatory rigidity, limited funding,
and cybersecurity threats. Based on the SWOT
analysis, we proposed a Strategic Framework
consisting of six directions: establishing a

Railway Innovation Hub, strengthening public-
private partnerships, introducing regulatory
sandboxes,  deepening  university-industry
cooperation, expanding secure access to
operational data, and implementing an
innovation-oriented ~ procurement  model.
Together, these  measures form a
comprehensive approach to fostering an IT-
driven startup ecosystem within the national
railway sector.

Prospects for further research include
developing a detailed roadmap for
implementing  this  startup  ecosystem,
designing evaluation metrics for innovative
pilot projects, and assessing the economic
impact of integrating IT solutions into
Ukrzaliznytsia’s operations. Future studies
should also explore cybersecurity models
tailored to critical railway infrastructure and
investigate long-term cooperation mechanisms
with global transport innovation networks.
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