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INTRODUCTION

We are happy to invite you to get acquainted with the first issue of the new scientific and
practical publication "Intellectualization of Logistics and Supply Chain Management".

We strongly believe that the launch of this magazine indicates the objective need to
rethink a wide range of issues related to the development of theory and practice in logistics and
supply chain management, awareness of the need to unite the scientific community and logistics
practitioners, dissemination of modern knowledge and best practices forinnovative development
of the logistics services market.

The first issue of the magazine is published at a difficult time. The global coronavirus
pandemic and the deep economic crisis have significantly worsened business activity in the world.
Currently, global supply chains are collapsing, international trade is declining, and competition
between global and regional logistics operators is intensifying. The most common thesis is that
the world will never be the same again. Industry experts predict the emergence of new, more
flexible and adaptive supply chain management strategies and approaches to logistics business
process management. The trend towards collaborations, cooperation and unification of services
is emerging, comprehensive proposals for clients are being developed. There is increasing talk
about the need to build bimodal supply chains, which involves the development of different
decision-making scenarios: the traditional approach - cost-effective efficiency, low risk, high
predictability; a new approach "second mode" - rapid recognition of opportunities, adaptability,
willingness to solve unexpected problems and look for new opportunities.

Radical transformations of the global and national markets for logistics services require
appropriate scientific support. Logistics science has a special role to play in this process. Initiating
the emergence of a new journal, we decided to focus on its coverage of problematic aspects of
the formation and development of logistics systems at the micro, mezo and macro levels, supply
chain management, digitization of logistics, methods and tools for optimizing processes in
logistics and supply chains, sociopsychology relations and network interaction of enterprises
using cloud technologies, artificial intelligence, e-learning, neural business process management
systems, etc.

Therefore, we invite scientists, researchers and business representatives, as well as our
colleagues from abroad, to cooperate and present the results of scientific research, to discus and
debate on them, to work together to develop the scientific theory of logistics and promote mutual
intellectual enrichment.

We hope that the new scientific publication will become a theoretical guide for young
researchers and representatives of other fields.

HRYHORAK Mariia
Chief Editor

This work is licensed under a Creative Commons Attribution 4.0 International License
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OPERATIONAL ACTIVITIES OF UKRAINIAN AIRLINES DURING
THE WAR: CHALLENGES AND PROACTIVE MANAGEMENT
STRATEGIES

Dmytro Bugayko, Olga Shevchenko, Danylo Bugayko. “Operational activities of Ukrainian
airlines during the war: challenges and proactive management strategies”. The beginning of a full-scale
war and the closure of Ukrainian airspace became unprecedented challenges for the civil aviation industry of
Ukraine. At the same time, Ukrainian airlines found themselves in different conditions. Air carriers that had their
fleet partially or completely abroad at the time of the war had more acceptable conditions than airlines whose
aircraft remained at Ukrainian airports. A number of powerful companies, such as UIA and Bees Airline, actually
ceased to exist, while other airlines, such as Skyline Express, SkyUp Airlines and a number of transport airlines,
found adequate answers to today's challenges. It can be noted that it was the proactive approach to strategizing
operational activities in conditions of force majeure and uncertainty that became the key to their success. The
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implementation of a set of measures to support operational activities during military operations has allowed
obtaining positive synergistic effects both for the air carriers themselves and for the national economy.
Preservation of the potential of Ukrainian airlines is the key to its further post-war development.

Keywords: airlines, operational activities, military conditions, force majeure, proactive management
strategies

Amumpo byzaiiko, Onveea LlleeyeHko, JaHuno Byeaiiko. «Onepayitina diANbHiCMb YKpAiHCbKUX
asiakomnatiti nid 4ac 8iliHU: BUKIUKU mMaA npoakmueHi cmpameeii ynpaeniHHA». [loyamok
nogHomacwmabHoI 8itiHU Ma 3akpummsa Nos8impAaHo20 npocmopy YkpaiHu cmasnu 6e3npeueHOeHMHUMU
BUK/IUKAMU 0/15 2any3i YusineHoi asiayii Ykpainu. [Ipu ybomy yKpaiHceKi agiakoMnaHii onuHUIuCh y pisHUX
ymosax. AgianepesizHUKU, AKi MAau Ha MOMEHM NOYAMKY 8iliHU (h/10m 4acmKO80 YU NOBHICMIO 30 KOPOOHOM,
npaytosanu y 6inbw NpUlHAMHUX YMOBAX, HiX AgiakoMnaHdii, 1iMaku AKUX 3aUWUIUCL 8 aeponopmax
Ykpainu. Huska nomyxHux komnaHdit, makux ak MAY ma Bees Airline, pakmuyHo npunuHuniu enacHe
icHysaHH#A, npu uboMmy iHwi asiakomnanii, maki Ak Skyline Express, SkyUp Airlines ma Huzka mpaHcnopmHux
asiakomnaditi, 3Halwiiu adekeamHi 8idNosioi Ha BUKNUKU Cb0200eHHH. [Ipu UbOMy MOXHA 3a3HAYUMU Wo
came npodkmusHuUll nioxi0 00 cmpame2ysaHHA onepayiliHoi disslbHocmi 8 ymogax ¢hopc-maxopy ma
Hegu3Ha4YeHoCmi cmas 3anopykoto ix ycnixy. Peanizauia komnnekcy 3axodig no niompumyi onepayitiHoi
disgibHocmi nid uac siticbkosux 0ili 00380/1UIG OMPUMAMU NO3UMUBHI CUHEepeemMuUYHi HaCiOKU AK 0718 Camux
asianepesizHuKig, makx i 0719 HaYioOHAbHOI eKOHOMIKU. 36epexxeHHA NomeHYiasy YKpaiHCbKUX asiakomnawidi
€ 3anopyKoIo i N00A/1bLLIO20 NOBOEHHO20 PO3BUMKY.

Knroyoei cnoea: aBiakomnaHii, onepadiliHa ianbHiCTb, BiCbKOBI YMOBU, GOPC-MarKop, MPOAKTUBHI
CTpareril ynpasniHHA.

Introduction.  Unfortunately, since
February 24, 2022, the airspace of Ukraine has
been closed for commercial transportation.
Therefore, it is considered appropriate to
conduct an analysis of air passenger
transportation in the pre-war years. The last
pre-war year of 2021 for the aviation industry

of Ukraine was the first year of gradual
recovery after a significant decline in
production indicators of their activities in
2020, caused by the negative impact of the
Covid-19 pandemic.

The results of the operational activities of
the civil aviation industry of Ukraine in 2020

and 2021 are presented in Table. 1 [1].

Table 1 - Results of the operational activities of the civil aviation industry of Ukraine in 2020
and 2021

Units of Total including international flights
measureme % %
nt 2020p. | 2021p. 21/20 2020p. | 2021p. 2120
Airline operational activities
Passengers transported thousand 47975 9348,1 194,9 4287,7 8622,3 2011
people
including on regular routes 17881 3322,7 185,8 1284,6 26089 2031
Passenger-kilometers performed billion 10,1 18,7 185,1 9,8 18,4 187,8
passenger-
km
including on regular routes 3,1 5,6 180,6 2,9 52 179,3
Cargo and mail transported thousand 88,3 81,8 92,6 88,0 81,8 93,0
tons
including on regular routes 57 8,9 156,1 56 8,9 158,9
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Units of Total including international flights
measureme % %
nt 2020p. | 2021p. 21120 2020p. | 2021p. 21120
Airline operational activities

Passengers transported thousand 47975 9348,1 194,9 4287,7 8622,3 2011

people
Tonne-kilometers performed 316,2 346,3 109,5 316,1 346,2 109,5
(cargo+mail)
including on regular routes million tkm 18,4 39,9 216,8 18,4 39,9 216,8
Commercial routes performed 453 74,0 1634 35,3 59,9 169,7
including on regular routes thousands 204 34,4 168,6 11,8 21,9 185,6

Source: https://avia.gov.ua/pro-nas/statistika/periodychna-informatsiya [1].

In 2021, passenger and cargo
transportation was carried out by 28
Ukrainian airlines, with a total of 74 thousand
commercial flights performed (compared to
45.3 thousand flights in 2020). During 2021,
passenger transportation was carried out by
16 Ukrainian airlines, with almost 93 percent
of the total volume in the industry provided
by four leading airlines: Ukraine International
Airlines, SkyUp Airlines, Azur Air Ukraine and
Wind Rose. It should also be noted that the
fifth position in terms of passenger
transportation was taken by Bees Airline,
which began operating flights in March of the
reporting year [1].

Regular flights to 42 countries of the
world were operated by 9 domestic air
carriers. The number of passengers who used
the services of Ukrainian airlines during 2021
doubled compared to the previous year and
reached 2,608.9 thousand people. At the
same time, the passenger load factor of
international scheduled flights of Ukrainian
airlines increased by 6.2 percentage points
and amounted to 75.2%. At the same time, 29
foreign airlines from 34 countries of the world
operated regular flights to Ukrainian airports.
According to the results of 2021, 13 airlines
transported 6,013.4 thousand passengers on
international flights on an irregular basis,
which is twice as much as in the previous year,
and also 10.9 percent higher than the “before
- Covid” indicator of 2019 [1].

Regular passenger transportation within
Ukraine was carried out by six airlines (“Wind
Rose”, “International Airlines of Ukraine”,
“Motor-Sich”, “Skyup”, “Bees Airline” and “Air
Ocean Airlines”), which provided air services

to 12 cities of Ukraine.In 2021, 713.8 thousand
passengers were transported on regular
domestic flights, which is 41.8 percent more
than a year earlier. At the same time, the
average passenger seat occupancy rate on
domestic regular flights of Ukrainian airlines
increased by 8.1 percentage points and
amounted to 70.7% [1].

So, we can state that in the pre-war
period, the civil aviation industry of Ukraine
actually fully recovered and had positive
growth dynamics. But on February 24, 2022,
the situation changed dramatically.

The purpose of the article is to analyze
the effectiveness of using a proactive
approach to strategizing the operational
activities of Ukrainian airlines in conditions of
war, force majeure and uncertainty.

The main task is to assess the synergistic
effect of the implementation of a set of
measures by Ukrainian airlines aimed at
supporting operational activities during
military operations.

Presentation of the main results.

Challenges for the operational activities
of Ukrainian airlines during martial law.
Unfortunately, from the first minute, the full-
scale war had a devastating impact on the
activities of air transport in general, and on
the activities of Ukrainian airlines in particular
[2]. At the same time, the flagships of
Ukrainian aviation found themselves in
different conditions. Airlines that had their
fleet partially or completely abroad at the
time of the war found themselves in more
acceptable conditions than airlines whose
aircraft remained at Ukrainian airports. On the
night of February 24, 2022, UKSATSE closed
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the sky over Ukraine for civilian aircraft.
Airports were closed, and runways were
blocked due to the threat of russian landings.
And unfortunately war is in progress. At least
19 civilian airports in Ukraine were damaged
by shelling. Airlines subsequently privately
evacuated some of their aircraft to Europe [3].

Ukraine International Airlines (UIA) held a
dominant position in the Ukrainian air
transportation market before the war. At the
beginning of hostilities, its fleet included 25
long- haul and medium-haul aircraft. Most of
these aircraft remained hostage to the

8-19
v.33 (2025)
https://smart-scm.org

situation. After a series of changes in top
management, in October 2023, UIA declared
bankruptcy, and the company's property was
put up for sale. Trademarks with the name
and logo of UIA and its aircraft maintenance
subsidiary UIA Technik were sold. The
Commercial Court of Kyiv has opened
proceedings in the bankruptcy case of UIA,
which provides for an inventory of all
property and a temporary ban on any actions
with it, including sales [3].

Figure 1 — Windrose Airlines Boeing 737-800 UR-PSF at Chisinau Airport
Source: https://www.avianews.com/ukraine/2023/12/25/boeing737-urpsf-kishinev/

Part of the fleet, which was abroad at the
time of the war, was leased or re-registered to
other airlines. For example, a Boeing 737-800
with  Ukrainian registration and livery
operates flights in Chisinau. It is now
registered to the Ukrainian air company
Windrose, which, in turn, leases the aircraft on
a ACMI "wet lease", i.e. leases it together with
the crew, to a Moldovan air carrier. In total, the

Windrose fleet has been replenished with
three UIA aircraft: an Embraer 190 with
registration UR-EMA, a Boeing 737-800 UR-
PSF and a Boeing 737-900ER UR-PSI. All of
them are actively flying and operate flights for
foreign airlines [4]. At the same time, most of
Windrose's own fleet remained in Ukraine [5].

As already mentioned above, the top five
international air carriers in Ukraine included
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Azur Air Ukraine [6]. However, in russia there
is an airline with an almost identical name
Azur Air, which is included in the sanctions list
in the USA. Under such conditions, the
airline’s management took a bold step - a

8-19
v.33 (2025)
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complete rebranding of the air carrier. The
new name Skyline Express Airlines appeared
in 2023 [7].

*

Figure 2 - Boeing 777-300ER UR-AZR of the Ukrainian airline Skyline Express

Source: https://www.avianews.com/ukraine/2025/01/25/skyline-express-boeing777-urazr/ [8].

Skyline Express Airlines business model
abroad is based on serving its founder's travel
business. Skyline Express currently partners
with its affiliated tour operator, Anex Poland,
which has Turkish roots. The Ukrainian airline
transports passengers from European airports
to resorts on behalf of the travel agency on
Boeing 757, Boeing 737 and Boeing 777
aircraft.

An interesting story is about the return to
service of the largest passenger aircraft used
by Ukrainian airlines before the war. At the
time of the russian invasion of Ukraine on
February 24, 2022, Boeing 777-300ER UR-AZR
was at Boryspil Airport and was unable to
depart due to the closure of airspace to
civilian aircraft. The owners evacuated the
aircraft only on December 19, 2023. For over a

year, the aircraft was stored at Tarbes-
Lourdes-Pyrénées Airport in France. This
airfield is used as a maintenance base and
long-term storage facility for airliners. In
December 2024, the aircraft began
preparations for commercial flights, and in
January 2025, it returned to its previous
operator - Skyline Express. Before the launch
of the new flight program, the Azur Air
Ukraine markings were removed from the
aircraft and elements of the Skyline Express
corporate identity were applied [7].
Unfortunately, Bees Airline - the pre-war
leader in international transportation, could
not survive the force majeure conditions. The
new Ukrainian airline made its first flight in
March 2021. But in 2022, due to the full-scale
russian invasion, Bees Airline was left without
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all its aircraft and lost its certificate in Ukraine.
The aircraft had to be driven abroad at the
request of the lessor.

8-19
v.33 (2025)
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Figure 3 — Boeing 737-800ER UR-UBA of Bees Airline
Source: https://thepage.ua/ua/news/yaki-ukrayinski-aviakompaniyi-pracyuyut-za-kordonom-v-2024-
roci [7].

At the same time, investors of this
Ukrainian start up, who are involved in the
tourism business, created a new airline with
the same name in Romania. This carrier is
currently completing certification [7].

Transport airlines of Ukraine. Ukraine is
known throughout the world for its own

transport airlines, which use, among other
things, Ukrainian-made aircraft from the
Antonov Design Bureau. Among them is the
world-famous airline specializing in the
transportation of oversized and heavy cargo
ANTONOV Airlines [9].

Figure 4. Antonov - 124 — 100 of ANTONOV Airlines
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Source: https://thepage.ua/ua/news/yaki-ukrayinski-aviakompaniyi-pracyuyut-za-kordonom-v-2024-
roci [9].

Before the war, the total fleet of cargo
airlines was about 100 aircraft [7]. They mainly
operated outside Ukraine, and today most of
them continue their work, as a rule, under
ACMI contracts - "Wet" leasing, under charter
contracts when performing charter flights (on
aregular basis, split charter, chain charter and

one-time charter) when performing missions
of the UN and other organizations.
Operational & financial results of
Ukrainian airlines during a full-scale war.
Table 2, Pic.5 and Pic.6 present results of the
operational activities of the civil aviation
industry of Ukraine from 2022 to 2024 years.

Table 2 - Results of the operational activities of the civil aviation industry of Ukraine from 2022

to 2024 years.
Transported L o 2022 2023 2024
measurement
Passengers transported thousand people 980 4221 480
Cargo and mail transported thousand tons 64.1 42.7 31.4
Source: compiled by the authors based on data from [10].
Passengers transported (thousand people)
1200
1000
800
600 - = Passengers transported
(thousand people)
400 -
200
0 4
2022 2023 2024

Figure 5 - Results of the passenger transportations of Ukrainian airlines from 2022 to 2024 years
Source: compiled by the authors based on data from [10].




The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

8-19
v.33 (2025)
https://smart-scm.org

Cargo and mail transported (thousand tons)

70

10 -

2022 2023

2024

m Cargo and mail transported
(thousand tons)

Figure 6 — Results of cargo&mail transportations of Ukrainian airlines from 2022 to 2024 years
Source: compiled by the authors based on data from [10].

Ukrainian airlines transported 480
thousand passengers and 31.4 thousand tons
of cargo in 2024. For comparison: in 2022, 980
thousand passengers and 64.1 thousand tons

of cargo were transported, and in 2023 -
422.1 thousand people and 42.7 thousand
tons of cargo [10].

Table 3 - Financial results of Ukrainian airlines from 2022 to 2024 years.

Financial results First three quarters
(millionUAH) e A 2024
Wind Rose airline -1600 -750.5 -553
SkyUp airline -596,7 305,1 137
Skyline Express -464,7 -25.4 171,2
Constanta 0,3 -20,9 25,1
Ukrainian Helicopters 94,3 55,1 -73,5
Airlines
CAVOK Air -32,5 477 21,8
Ukraine Air Alliance 0,5 14 1,9
ANTONOQV Airlines 654 3000 no statistical data

Source: compiled by the authors based on data from [10].

The largest losses from passenger SkyUp airline in 2022 suffered a loss of

transportation in 2022 were suffered by the
Wind Rose airline - 1.6 billion hryvnias. The
company currently operates flights from
Moldova and Montenegro. In 2023, the
company reduced its loss to 750.5 million
hryvnias, and in the first three quarters of
2024 - to 553 million [10].

596.7 million hryvnias. In 2023, the company
received 305.1 million hryvnias in profit, and
in the first three quarters of 2024 - 137 million.
In 2024, SkyUp airline reached the pre-war
level of air transportation [10].

Skyline Express suffered losses of 464.7
million hryvnias in 2022, the year of the war.
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During the war, the company flies from
Poland and the Baltic countries to the seaside
resorts of Turkey, Egypt and other countries.
In 2023, Skyline Express reduced its loss to
25.4 million, and in the three quarters of last
year it received 171.2 million in profit [10].

Charter airline Constanta received 0.3
million hryvnias in profit in 2022, and in 2023
- 20.9 million in loss. In the first three quarters
of 2024, the company's profit amounted to
25.1 million [10].

Ukrainian Helicopters Airlines ended
2022 and 2023 with a profit of 94.3 million and
55.1 million hryvnias, respectively. According
to the results of the three quarters of 2024, the
company had a loss of 73.5 million [10].

As for cargo transportation, CAVOK Air
was able to turn a profit. It ended 2022 with a
loss of 32.5 million hryvnias, and in 2023 and
for the incomplete year of 2024 it received
47.7 million and 21.8 million hryvnias in profit
[10].

Ukraine Air Alliance had a small profit for
all three years of the full-scale war: 2022 - 0.5

___________l/lu
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million hryvnias, 2023 - 1.4 million, three
quarters of 2024 - 1.9 million [10].

ANTONOV Airlines ended 2022 with a
profit of 654 million hryvnias, and 2023 -
almost 3 billion hryvnias [10].

Thus, the financial results of Ukrainian
airlines allow us to assert that a correctly
chosen strategy allows airlines to conduct
operations and even make a profit even
during the closure of their own country's
airspace. Let's consider proactive
management strategy using the example of
SkyUp Airlines - one of the most successful
Ukrainian airlines in this difficult period for the
industry.

Proactive management strategy of
SkyUp Airlines in force majeure conditions
According to the authors, the most successful
proactive management strategy in force
majeure conditions was demonstrated by the
Ukrainian air carrier SkyUp Airlines. From the
very beginning of the war, the airline began to
actively transform its activities.

SkyUp Airlines *

T~ . - —- - - ¥

re7—l§

oeinrg 73_7—800E‘R UR-SDH SkyUp Airlines
Source: https://skyup.aero/[11]

Figu
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SkyUp Airlines’ set of measures to
support operational activities during war
included the following proactive measures:

Evacuation of aircraft. During the war,
SkyUp Airlines focused its efforts on
evacuating its own aircraft. Before the start of
the full-scale invasion, the company was able
to evacuate 10 of its 11 aircraft from Ukraine.
But the last aircraft had already managed to
take off from Boryspil to Chisinau, but after 20
minutes of flight it was ordered to return. On
April 4, 2023, the company evacuated its last
aircraft from Ukraine. It was at Boryspil Airport
(111

Creation of an airline with European
registration. Registration of a subsidiary in the
EU with EU certificates, with the transfer of
part of the existing aircraft fleet there [11].

Evacuation flights/air corridors. SkyUp
Airlines cooperates with organizations that
need to transport Ukrainians or other citizens
from a particular city or country, and that
need air corridors or charter flights [11].

Delivery of humanitarian cargo. SkyUp
Airlines  cooperates with government
institutions, private foundations, companies
that seek to organize the delivery of
humanitarian cargo to Ukraine, or those who
consolidate the volumes of aid for delivery to
Poland, Romania, Moldova with further
transportation to Ukraine [11].

ACMI contracts - "Wet" leasing. SkyUp
Airlines currently accounts for 70% of its
business on ACMI contracts, but the company
still sees further potential for growth in this
area. To expand its operations in different
countries on ACMI contracts, SkyUp Airlines
received a Maltese operator certificate, as well
as FAR129 certificates in the USA and FAOC in
Canada. Under ACMI contracts and the
charter program for tour operators, SkyUp
Airlines performed 10,528 flights in 2023,
transported over 1.5 million passengers, and
transferred almost UAH 200 million in taxes to
the state. In terms of revenue, SkyUp Airlines
became the leading airline in Ukraine [7].

Non-aviation activities. SkyUp Airlines
such areas of diversification as the provision
of expert services, the organization of training
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and retraining courses for personnel, the
provision of non-aviation services, in order to
maximize revenues during the period of
forced downtime of a part of the airline's
aircraft fleet. The airline develops souvenir
products and promotional events for
customers, tourist packages using long-term
ties in the tourist market of different countries
of the world [11].

YIELD Management. SkyUp Airlines
constantly conducts market research in order
to optimize and establish a competitive price
per flight hour according to the "ACMI"
system (Aircraft - hourly payment for the
aircraft; Crew - hourly payment for the crew;
Maintenance - hourly payment for aircraft
maintenance; Insurance - hourly payment for
mandatory insurance of the aircraft, crew,
commercial load such as passengers,
cargo&post, third parties on the surface [11].

Resources required implementing a set of
measures by SkyUp Airlines to support
operational activities during war:

Evacuation of aircraft. Non-revenue
operating costs of non-commercial flights.

Creation of an airline with European
registration. Costs for registration and
certification of the airline.

Delivery of humanitarian cargo and
evacuation flights. Costs for assessing the
risks of operating flights in unstable regions
during the delivery of humanitarian aid and
evacuation flights, to calculate potential risks
and their consequences.

Non-aviation  activities. Costs  for
retraining and upgrading the certification of
experts and instructors. Also costs for
contracts for the production of souvenirs and
the development of advertising and tourist
packages.

YIELD Management. Costs for marketing
market research.

Synergistic  consequences of the
implementation of a set of measures by
SkyUp Airlines to support operational
activities during war:

Evacuation of aviation equipment.
Evacuation of the aircraft fleet from the
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combat zone provides the opportunity to
carry out operational activities in the future.

Creation of an airline with European
registration. Allows to expand the range of
potential services to perform regular,
international and domestic, passenger and
cargo air services, both within and outside the
EU.

Evacuation flights/ air corridors. Allows to
solve important political, social and
humanitarian tasks and receive additional
income and flight hours for the aircraft fleet.

Delivery of humanitarian cargo. Allows to
solve important political, social and
humanitarian tasks and receive additional
income and flight hours for the aircraft fleet.

ACMI - "Wet" leasing contracts. Wet
leasing will allow to fundamentally increasing
the flight hours of the aircraft fleet, to work
outlong-term projects with foreign airlines, to
ensure the work of not only the aircraft fleet
and technical personnel, but also the airline's
flight crew, which is the most vulnerable in
conditions of wartime.

Expertise in the aviation and tourism
industries. Allows to strengthen the airline's
ties with various enterprises in the civil
aviation and tourism industries, and most
importantly, to receive additional income
directly independent of the number of flights.

Non-aviation activities. Allows to provide
additional income that does not depend on
the reqularity of air transportation.

YIELD Management. Competitive pricing
of aviation services of leasing and charter
operations allows the airline to obtain
sufficient resource support to repay the
above-mentioned costs of the air carrier and

8-19
v.33 (2025)
https://smart-scm.org

provide it with the necessary profit for the
further development of operational activities.

Conclusions. Summarizing the above
analysis, it is possible to conclude that the
force majeure conditions of martial law have
changed the balance of power in the
segments of the Ukrainian aviation market.

A number of powerful companies such as
UIA and Bees Airline have actually ceased to
exist, while other airlines such as Skyline
Express, SkyUp Airlines and a number of
transport airlines have found adequate
answers to the challenges of today. It can be
noted that it is precisely the proactive
approach to strategizing operational
activities in conditions of force majeure and
uncertainty that has become the key to their
success [12].

The strategy for adapting to wartime
conditions included the following measures:
evacuation of aircraft equipment, creation of
airlines  with European registration,
development of evacuation flights/air
corridors, delivery of humanitarian cargo,
development of ACMI - "Wet" leasing
contracts, expansion of non-aviation activities
and improvement of YIELD Management.

The implementation of a set of measures
to support operational activities during
military operations has allowed for positive
synergistic effects both for the air carriers
themselves and for the national economy.
Preservation of the potential of Ukrainian
airlines is a guarantee of its further post-war
development.
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Mariia Hryhorak, Volodymyr Marchuk, Oleh Harmash. “Enhancing the resilience, adaptability,
and antifragility of defense industry supply chains under conditions of high turbulence”. The article
substantiates the theoretical and methodological foundations and develops practical approaches to enhancing
the resilience, adaptability, and antifragility of supply chains within Ukraine’s defense industry under conditions
of high environmental turbulence. The specific nature of defense industry supply chains is defined as complex
socio-technical systems operating under the influence of geopolitical risks, restricted access to critical resources
and technologies, cyber threats, and strict regulatory requirements. The study systematizes the factors affecting
the resilience, adaptability, and viability of defense supply chains and identifies the key threats, barriers, and
drivers of their development. The essence of the concepts of resilience, adaptability, and antifragility — which
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together constitute the foundation of supply chain viability — is revealed, and the rationale for their integrated
application in defense industry management is provided. A system of managerial measures is proposed to foster
flexible organizational structures, promote partnership-based interaction among business ecosystem
participants, and implement modern digital technologies (loT, Big Data, Al, blockchain, digital twins) that
enhance the ability of supply chains to rapidly respond, recover, and transform during crises. The practical
significance of the study lies in formulating scientifically grounded recommendations for Ukraine’s defense
enterprises to build viable, adaptive, and antifragile supply chains capable of ensuring the continuity of defense
production, strengthening national security, and maintaining economic stability amid wartime and global
instability.

Keywords: supply chains, defense industry, resilience, adaptability, antifragility, viability, digital
technologies, risk management

Mapia puzopak, Bonodumup Mapuyk, Onez Fapmauw. «IlidsuweHHs cmitikocmi, adanmugHocmi
ma aHMUKpUXKoCmi J1aHylo02ie NOCMayaHHa hionpuemcme o60pOHHO-NPOMUCI0OB8020 KOMNJIEKCYy 8
ymoeax eucokoi mypb6yseHmHocmi». ¥ cmammi ob6rpyHmosaHo meopemuko-memoOuyHi 3acadu ma
p03p0obJieHO NpakmuyHi nioxoou 00 nid8uWeHHs cmilikocmi, adanmusHOCMi Ma AHMUKPUXKOCMI IaHUo2ie
NnocMayvyaHHA nionpuemcme 060pOHHO-npomucsiogozo kKomnsekcy (OfK) YkpaiHu 8 ymosax 8ucokoi
myp6ysieHmHocmi 308HiWHB020 cepedosuwid. BusHaueHo cneyugpiky nauyroeie nocmauanHa OfK Ak
CK/IAOHUX [HMe2poBAHUX COUio-mexHiYHUX cucmeM, Wo YyHKUIOHyIomb nio 8nugoM 2eonosiimuyHuX
pusukis, obmexeHb docmyny 00 pecypcia i mexHosnoeil, Kibep3azpo3 ma Xopcmkux pe2yssmopHUX sumoe. Y
pobomi cucmemamu308aHo YUHHUKU, Ki 8nU8aroms Ha cmitikicme, d0anmugHiCms ma Xumme3oamHicmo
000POHHUX NIAHYI02i8 NOCMAYAHHA, BUOKPEMJIEHO K/ToHo8i 3a2po3u, 6ap’epu ma Opatisepu ix po3sumky.
Po3kpumo cymHicme kKoHYenuit cmilikocmi, adanmugHOCmMi ma aHMUKPUXKOCMI, WO ymeopiooms 0OCHO8Y
Xumme3odamHocmi cucmem NOCMAYdHHA, MA O06rpyHMOBAHO OOYiNbHICMb iXHBO20 IHMeE2PoB8aHo20
3acmocysaHHa 8 ynpaeniHHi OfK. 3anponoHosaHo cucmemy ynpassiHcbKux 3axodis, cnpAMOBAHUX HA
(hopMyB8aHHA 2HYYKUX Op2AHI3auiliHUX CmpyKkmyp, po38UMOK NAPMHEPCLKOI 83dEMOODii’ y4acHUKi8 Gi3Hec-
eKkocucmem i 8NpoBAOXEHHA cydacHUX yugposux mexHonoeil (loT, Big Data, Al, 6nokudelH, yugpposi
08ilIHUKU), AKI nidsuwyoMb 30aMHICMb IAHY02i8 NOCMAYaHHA 00 WBUOKO20 pedzy8aHHs, 8i0HOB8IeHHS ma
mpaHcgopmayii nio yac kpuszosux cumyauid. MpakmuyHe 3Ha4YeHHA OOCIOXeHHA NONAAE Y (opMyBAHHI
Haykogo obrpyHmosaHux pekomeHoayit 0ns nionpuemcma OfIK YkpaiHu ujo0o nobyodosu Xumme3oamHux,
aoanmueHuUX i GHMUKPUXKUX JIAHY02i8 NOCMAadyaHHA, 30amHux 3abe3neyumu b6eanepepeHicms 060pOHHO20
8UpobHUYMEBA, 3MiYyHeHHA HayioHAnbHOI 6e3neku ma cmitikicms eKOHOMIKU 8 yMo8ax 8iliHu ma 2106as1bHOI
HecmabineHocMi.

Kniouyoei cnoea: naHulory mnoctayaHHA, OOOPOHHO-MPOMUCIOBUI  KOMIJIEKC,  CTIMKICTb,
afanTUBHICTb, aHTUKPUXKICTb, XKUTTE3AATHICTb, LNPPOBI TEXHONOTIT, yNPaBAiHHA pU3rKamu.

Introduction. The contemporary intensifying international competition, and

operating environment of enterprises within
the defense-industrial complex (DIC) is
characterized by an unprecedented level of
turbulence driven by both global and
regional challenges. The armed aggression
against Ukraine, large-scale destruction of
industrial and transport infrastructure,
disruptions in the supply of critical resources,

stringent sanctions have created a complex
environment in which DIC enterprises must
ensure the continuity of production and the
fulfillment of state defense contracts. Under
such conditions, effective supply chain
management becomes not only an essential
component of economic activity but also a
critical factor of national security.
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The supply chains of defense-industrial
enterprises possess a number of specific
characteristics, including a high degree of
integration with international suppliers,
dependence on imported components, the
necessity to comply with strict standards of
quality and confidentiality, as well as
constraints associated with secrecy regimes
and export control regulations.
Simultaneously, warfare and geopolitical
instability  significantly  increase  the
vulnerability of these supply chains, leading
to supply disruptions, rising material costs,
loss of suppliers, and, in some cases, a
complete breakdown of logistical
connections.

In this regard, the formation of resilient,
adaptive, and antifragile supply chains
acquires strategic importance for defense-
industrial enterprises. In this context,
resilience should be understood as the ability
of the supply chain to maintain its
functionality under crisis conditions, while
adaptiveness refers to its capacity to promptly
respond to environmental changes,
reconfigure logistical and production
processes, engage alternative suppliers, and
integrate new technologies.

It should be emphasized that existing
scientific approaches to supply chain
management are primarily focused on civilian
industries and do not fully consider the
specific features of the defense-industrial
sector, in particular, the increased role of state
regulation, the strategic sensitivity of
products, and the necessity of accounting for
military and political risks. This situation
creates a scientific gap that requires
comprehensive research and the
development of new models and managerial
solutions aimed at ensuring the resilience and
adaptiveness of defense-industrial supply
chains under conditions of high turbulence.

Therefore, the study of methods for
enhancing the resilience and adaptability of
supply chains within the defense-industrial
complex is of exceptional relevance, both for
improving the economic efficiency of the
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sector and for strengthening the overall
defense capability of the state.

Literature Review. The issues of
resilience, adaptability, and fragility of supply
chains in recent years have attracted
increasing attention in global academic
literature due to the growing uncertainty and
turbulence of the business environment. This
is driven both by escalating geopolitical risks
and by the rapid development of
technologies that are transforming logistics
processes.

In foundational research by Ponomarov
and Holcomb (2009) [1], supply chain
resilience is defined as the system’s ability to
withstand disruptions, adapt to them, and
recover while maintaining its essential
functions. The authors emphasize the
interconnection between supply chain
elements and identify flexibility, redundancy,
and adaptability as key components of
resilience. These ideas were further
developed by Petty et al, who proposed
practical tools for assessing an organization’s
readiness for disruptions [2]. Resilience is an
essential attribute of a supply chain for short-
term survival and a critical capability for long-
term adaptation and prosperity. A particular
emphasis is placed on a proactive approach to
risk management, which involves identifying
potential threats, planning mitigation
measures, and preparing recovery scenarios.

The study by Pires Ribeiro and Barbosa-
Povoa (2018) [3] broadened the concept of
resilience by including the supply chain’s
ability not only to recover from crises but also
to maintain stable operations at acceptable
costs and within reasonable timeframes.
Melnyk et al. (2010) provided an even broader
perspective on the future of supply chains,
which must balance efficiency, security,
sustainability, resilience, and innovativeness
according to customer needs and external
challenges.

Further development of supply chain
resilience theory is associated with the works
of various authors who integrated multiple
perspectives. In particular, Dmitry Ivanov
substantially expanded the theoretical and
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methodological foundations by proposing a
comprehensive three-dimensional model for
assessing supply chain resilience that
encompasses product, process,
technological, and social aspects [4]. He also
emphasized that resilience should be
considered in conjunction with adaptability
and the system’s transformational capacity -
an especially relevant perspective under
prolonged crises such as pandemics or armed
conflicts [5].

As disruptions and uncertainty have
become central themes in supply chain
literature [6], researchers [7] have shifted their
focus to two dominant strategies -
redundancy and flexibility - proposed as
means to mitigate the impact of disruptions.
They identified four broad conceptual
strategies — insurance, acceleration, strategic
adaptive capability, and reconfiguration -
each uniquely serving to reduce the
likelihood and scale of disruptions within
supply chains. Other scholars [8-10] have
combined different aspects of resilience
discussed in the literature using quantitative
methods in the design or redesign of supply
chains.

At the same time, contemporary
literature recognizes that the traditional
engineering-based interpretation of
resilience is  insufficient.  Engineering
resilience aims at optimality and structural
safety and is measured by the speed of
returning to equilibrium (recovery time) and
resistance to disturbances (survival time).
Researchers are increasingly moving toward
the concept of socio-ecological resilience,
which considers environmental dynamics,
uncertainty, and the need for continuous
transformation of supply chains [9, 10]. Socio-
ecological resilience allows for
experimentation and adaptive design since
supply chains must evolve over time. This
requires managers to foster adaptability and
transformability, thereby anticipating and
influencing events occurring beyond the
immediate supply chain. The same idea is
supported by other scholars [11], who argue
that maintaining and developing resilience
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requires accounting for a wide spectrum of
social and  environmental changes.
Purposeful transformation of the system is
necessary for it to continue delivering what
holds fundamental value for society.
Summarizing theoretical research on
resilience in supply chains based on a
systematic review of the literature, it can be
concluded that resilience is a
multidimensional and interdisciplinary
concept. It has evolved from generating
reactive strategies to cope with disruptive
events toward the development of proactive
pre- and post-disruption strategies. Currently,
the domain of supply chain resilience
encompasses several capabilities: prevention,
resistance, response, recovery, and market
adaptation. Moreover, resilience includes the

ability for cumulative learning and
continuous improvement, becoming a
strategic capability for enhancing

competitiveness — an important reason for its
inclusion in modern supply chain
management frameworks [12].

Against this background, a new concept
- antifragility - has emerged. It interprets
disruptions and crises not only as threats but
also as opportunities for strengthening,
learning, and development of systems. The
term antifragility was introduced by Nassim
Nicholas Taleb in his 2012 book Antifragile:
Things That Gain from Disorder. Taleb
highlighted that in complex systems there
exist not only resilient or fragile structures but
also those that do not merely withstand stress
and shocks but grow stronger and evolve
under their influence. This qualitatively
distinguishes antifragility from resilience,
which merely denotes the ability to preserve
functionality or return to the original state
after a disruption [13].

One of the leading researchers
integrating the concepts of resilience and
antifragility in supply chains is Dmitry Ivanov.
In his works, he proposed combining
antifragility with resilience theory and
developed dynamic models demonstrating
how supply chains can reconfigure and
strengthen after disruptions. He also
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introduced the concept of viability as a logical
continuation of antifragility [14, 15].

Considering the complexity, multi-tiered
nature, and geographic dispersion of modern
supply chains, traditional approaches to
assessing their resilience and antifragility -
focused solely on internal processes or
individual organizations - are no longer
adequate. Supply chains increasingly function
within broader business ecosystems, where
their resilience and capacity for recovery
depend not only on internal reserves but also
on the nature of interactions among various
stakeholders - manufacturers, suppliers,
logistics operators, government institutions,
research organizations, and the private sector.
Therefore, it is appropriate to assess the
resilience and antifragility of supply chains
through the lens of these interactions -
considering the level of partnership,
readiness for collaboration, information
exchange, technology sharing, and resource
coordination [16]. Such an approach allows
for a more precise identification of system
vulnerabilities while fostering the
development of long-term, trust-based
relationships among participants, thereby
enhancing the ecosystem’s ability to adapt,
recover swiftly after crises, and transform in
response to new challenges.

In the context of the defense-industrial
complex (DIC), this issue becomes particularly
significant. Supply chains within the DIC are,
on the one hand, highly complex, multi-
layered, and technologically intensive; on the
other hand, they are critically important for
ensuring national security, defense resilience,
and the state’s strategic autonomy. A seminal
paper [17] presented the results of a
discussion titled “Research Directions in
Defense Logistics.” Participants of that
discussion drew several important
conclusions: supply chain management is a
critical success factor not only for industrial
and commercial enterprises but also for
military operations; although there remains a
gap between civilian and military research,
there exists an opportunity to leverage
existing knowledge and expertise to
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recognize that competition for defense
contracts increasingly occurs not between
individual firms but between resilient,
adaptive, and interconnected supply chains.

In recent academic publications, it is
increasingly emphasized that the successful
functioning of defense-industrial enterprises
and their ability to fulfill defense orders
directly depend on the efficiency, resilience,
and flexibility of their supply chains (Ekstrom
[18]; Hilletofth & Skoglund, 2020, 2023 [19-
21]). A study of the Swedish defense-
industrial complex demonstrated that under
military conditions, an optimal approach
involves combining the principles of just-in-
time, just-in-case, and just-enough. Such a
synthesis enables achieving a balance
between efficiency and resilience under
uncertainty and high disruption risk.
Highlighting the importance of
responsiveness, recovery, and planning in
military supply chains, other authors [22]
underscored the need for continuous
improvement of logistics strategies and
assessment tools to enable military
organizations to overcome disruptions
effectively and sustain operational efficiency.
In the context of global turbulence, the
importance of risk management within the
defense industry is increasing, particularly
given its dependence on foreign supplies [23].

In the studies by Sani et al. (2023) [24-26]
and Cabrera et al. (2023) [27], it is
substantiated that military supply chains face
a set of unique challenges, including:

- excessive dependence on a limited pool
of suppliers of critical materials and
components;

- high
complexity;

- the need to ensure both informational
and physical security at all stages of the
supply process;

- constraints on geographical
diversification due to strategic and political
factors.

It is also worth noting that:

regulatory and technical
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- the application of the concept of
antifragility to military supply chains remains
at an early stage of theoretical development;

- the integration of digital technologies -
such as blockchain, digital twins, and artificial
intelligence - aimed at enhancing the
resilience and adaptability of defense supply
chains requires more in-depth research;

- the interconnection between the
resilience of defense-industrial supply chains
and sustainable development concepts,
which are gaining increasing traction in the
EU’s defense-industrial sector (notably within
Horizon  Europe  programs), remains
insufficiently explored.

At the current stage of the development
of theory and practice in defense-industrial
supply chain management, there is a
noticeable disproportion between
quantitative and qualitative approaches to
assessing their efficiency, resilience, and
antifragility. Most academic studies in this
area focus primarily on qualitative analysis,
the construction of theoretical models, or
conceptual frameworks [28-29], which,
although of significant theoretical value,
remain distant from the practical needs of
supply chain participants. Meanwhile,
practical diagnostic tools, quantitative
assessment methods, and comparative
analyses of resilience, adaptability, and
antifragility levels in defense supply chains
remain underdeveloped and insufficiently
tested in real-world industrial contexts.

Particular attention should be paid to the
issue of interaction between defense-
industrial enterprises and private sector
companies. This dimension is critically
important for ensuring the flexibility,
innovativeness, and technological
competitiveness of defense-industrial supply
chains. However, mechanisms of such
interaction - legal regulation, information
exchange, standardization of requirements,
and the development of partnership-based
cooperation models - remain inadequately
studied, creating additional risks for the
efficiency and resilience of defense supply
systems.

20-42
v.33 (2025)
https://smart-scm.org

Summarizing the above, it should be
emphasized that the modern military supply
network must be capable of promptly
adapting to changes in the external
environment, requirements, and threats;
recovering quickly from disruptions; and
maintaining a high level of resilience under
uncertainty. To achieve this, it is necessary —
already at the design stage of such a network
- to clearly define the properties, functional
principles, and managerial mechanisms that
will enhance its viability, taking into account
both internal structural characteristics and
external factors of interaction with the private
sector.

Purpose of the Article. The purpose of
this article is to substantiate the theoretical
foundations  and propose  practical
approaches to enhancing the resilience,
adaptability, and antifragility of the supply
chains of Ukraine’s defense-industrial
complex (DIC) through the lens of
partnership-based  interactions  among
participants of business ecosystems and the
integration of modern digital technologies
under conditions of global turbulence and
military threats.

Research Objectives:

1. To clarify the essence and specific
characteristics of defense-industrial supply
chains as complex integrated systems.

2. To systematize the challenges, threats,
barriers, and drivers of the DIC supply chain
development, taking into account the factors
of resilience, adaptability, and antifragility.

3. To substantiate the feasibility of
applying the concept of business ecosystem
interaction for the assessment and
enhancement of the viability of DIC supply
chains.

4. To determine the role of modern
digital technologies in ensuring the resilience,
adaptability, and antifragility of supply chains.

5. To formulate practical
recommendations for improving the
efficiency and viability of Ukraine’s DIC supply
chains under wartime conditions and global
instability.



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

Research Methodology. The study
employs a comprehensive interdisciplinary
approach that integrates systems analysis,
elements of the theories of resilience,
adaptability, and antifragility, the concept of
business ecosystems, and modern supply
chain management frameworks. The research
utilizes content analysis of scientific
publications, comparative analysis of existing
approaches to  assessing  resilience,
adaptability, and antifragility in supply chains,
expert evaluation of current threats and
challenges, as well as structural and logical
generalization to  develop  practical
recommendations.

Particular attention is devoted to the
specific operational features of Ukraine’s
defense supply chains under armed conflict
conditions and to the application of digital
technologies aimed at enhancing their
viability and sustainability.

Presentation of the main results.
Supply chain management represents one of
the key components of modern
management, ensuring the coordination and
integration of all processes related to the
movement of materials, information, and
financial resources from the supplier to the
end consumer. Under conditions of
increasing uncertainty and turbulence in the
external environment, the concepts of
resilience, adaptability, and antifragility of
supply chains acquire particular significance -
especially within the defense-industrial
complex (DIC).
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In scientific and applied literature, the
term “defense-industrial supply chain” is
often used without a precise definition of its
specific characteristics and structure, which
complicates both theoretical research and the
practical development of strategies aimed at
enhancing the resilience, adaptability, and
antifragility of such systems. Therefore, it is
necessary to clarify this concept.

A defense-industrial supply chain (DIC
supply chain) is a complex, integrated system
of interconnected organizations, processes,
and flows that ensure the development,
production, delivery, technical maintenance,
and disposal of defense-oriented products,
services, and technologies, with the ultimate
goal of meeting the needs of national security
and defense. Unlike traditional commercial
supply chains, DIC supply chains are
characterized by a heightened level of
strategic importance, stringent requirements
for security, confidentiality, technological
sophistication, and regulatory oversight.

They possess a unique configuration that
includes both state and private sector actors,
dual-use elements, and specialized logistical
and informational solutions (Fig. 1).
Furthermore, such supply chains are
inextricably linked with national security and
defense systems, which imposes additional
requirements for their reliability and their
ability to recover rapidly after external or
internal disruptive impacts.
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Figure 1 — General configuration of defense-industrial supply chains
Source: Developed by the authors

The configuration of the defense-
industrial supply chain (DIC supply chain)
comprises five principal blocks. The first block,
“Suppliers of raw materials and components,”
constitutes the foundation of the entire chain.
Without high-quality and uninterrupted
supplies of materials and components, the
production of weapons and military
equipment (WME) is impossible. Within this
block, various types of linkages operate -
horizontal, vertical, and import-based.
Horizontal linkages characterize interactions
among different domestic suppliers that
coordinate volumes and delivery schedules of
materials of various purposes. Vertical
linkages form between suppliers at different
tiers, jointly ensuring the supply of finished
assemblies, modules, and components.
Import linkages reflect the dependence of
certain domestic suppliers on foreign
materials or technologies, which creates
additional operational risks for the chain.

This block also maintains direct
contractual  relationships  with ~ WME
manufacturers for the supply of raw materials,
semi-finished products, and components.

Manufacturers provide technical
specifications and quality requirements for
supplied items. Furthermore, the relationship
with the state customer - primarily the
Ministry of Defence — plays a decisive role in
setting priorities for the development of
national suppliers, attracting investment, and
establishing certification and standardization
requirements for materials.

The “Manufacturers of Weapons and
Military Equipment” block comprises plants
and enterprises that transform raw materials,
semi-finished products, and components into
finished WME. This block sustains internal
linkages among enterprises within the state
conglomerate (e.g., Ukroboronprom), private
manufacturers, state and private research and
development institutions, design bureaus,
and contractors executing specific orders for
components, assemblies, or services. External
functions include continuous monitoring of
the quality and conformity of supplied
materials and components to technical
requirements; management of logistics and
storage of finished products; and
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organization of transportation to the
customer.

Key external functions of this block also
encompass fulfillment of the provisions of the
State Defence Order (SDO); reporting on the
progress and outcomes of its
implementation; participation in tender and
competitive  procedures; receipt and
allocation of funding from the state customer;
and obtaining feedback from end users -
most notably via the Ministry of Defence of
Ukraine - regarding the operational
effectiveness of WME under combat
conditions. Such feedback is critically
important for rapid product modernization,
elimination of identified deficiencies, and
enhancement of the combat effectiveness of
systems.

The “Logistics and Storage” block is
responsible for organizing the movement of
products from manufacturers to end users
and for ensuring appropriate preservation of
weapons, equipment, components, and spare
parts at all stages of the supply chain. Primary
functions of this block include coordination
with various modes of transport (road, rail, air)
for efficient cargo movement; interaction
among different types of warehouses -
central, regional, and mobile (field); inventory
management; ensuring the security of stored
items and compliance with storage
conditions; provisioning of spare parts, tools,
and equipment for maintenance and repair;
transfer of damaged equipment to repair and
refurbishment facilities; and the
implementation and use of modern logistics
information systems for monitoring stock
levels, movements, and locations of materiel.

The block’s external linkages cover
coordination with WME manufacturers for
receipt of products into warehouses and
organization of their onward transportation;
execution of orders from the state customer
(Ministry of Defence of Ukraine) regarding
movement, allocation, and prioritization of
weaponry and equipment deliveries in line
with the needs of the Armed Forces of
Ukraine; direct delivery of WME, ammunition,
and material-technical supplies to military
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units, training ranges, and forward positions;
route planning and provision of security for
transport columns and logistical convoys; and
coordination of the security of particularly
sensitive or hazardous cargoes with relevant
security services and specialized agencies.

The “State Customer and Regulator”
block plays a central role in determining what,
how much, and at what price must be
produced to meet the needs of the security
and defence sector. It also shapes the legal,
financial, and organizational environment
necessary for the effective operation of the
DIC. Core functions include close
coordination with the General Staff of the
Armed Forces for defining volumes,
nomenclature, and specifications of required
WME on the basis of combat experience,
threat analysis, and forecasts; coordination of
the formation of the State Defence Order
(SDO) and state programs for DIC
development; interaction with the Ministry of
Defence to optimize procurement procedures
with particular emphasis on transparency in
the acquisition of non-lethal materiel, logistic
support items, and equipment; regulation of
issues related to international trafficking of
arms, technologies, and licensed
export/import; and resolution of complex
interagency and strategic tasks for the
development of the DIC.

External activities of this block include
concluding contracts with WME
manufacturers; securing financing and
effecting payments for completed work;
oversight of SDO execution, technical
supervision, and acceptance of finished
products; formulation and approval of
product and component quality
requirements; issuing directives on the
allocation and distribution of weapons and
military equipment and coordinating
logistical operations; receiving requests from
military units and analyzing weapon
performance in combat to inform future
orders, modernization programs, and import
substitution initiatives; and engagement with
international partners on matters of military-
technical assistance, joint production,
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cooperation in research and development,
and technology transfer.

The “End Users” block - primarily the
Armed Forces of Ukraine and other security
services — comprises the direct users of WME,
whose practical experience is invaluable for
product improvement. Principal functions of
this block include supplying combat
experience, tactical practices, and lessons
learned from real-world employment of WME;
generating requests for specific types of
armament tailored to the tasks of particular
units and service branches; coordinating with
rear services for receipt of WME, ammunition,
spare parts, fuel, and other material-technical
provisions; and providing maintenance and
light repairs of equipment directly within
combat units or at forward positions.

First-tier
Subcontractors

State Customers
and Regulators
Government bodies

responsible for overseeing
and regulating defense

Suppliers of components
and specialized equipment
for primary manufacturers.

Scientific, Design,
and Engineering Entities
Research institutes and

startups developing innovative
defense technologies.
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This block also maintains active external
interactions, notably: receipt of WME and
material-technical resources from
warehouses or via direct delivery to positions;
provision of feedback via the Ministry of
Defence or directly to designers, engineers,
and  manufacturers  regarding field
requirements, remarks, and urgent needs;
participation in the formulation of
modernization requirements based on
assessments of effectiveness, reliability,
ergonomics, and adaptability to combat
conditions; and submission of reports and
recommendations to the state customer that
form the basis for adjustments to future State
Defence Orders and technical specifications
(see Fig. 2).
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Platforms that ensure
supply chain management
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Figure 2 — Structure of the Supply Chain in the Defense-Industrial Complex
Source: Developed by the authors

Thus, feedback from end users is critically
important for the closure and overall
effectiveness of the entire supply chain within
the defense-industrial complex (DIC).
Consequently, the defense-industrial
ecosystem represents a multilevel system of
actors that interact in the processes of
creating, supplying, and maintaining military
and dual-use technologies. Its functioning is
ensured by a network of state, industrial,
scientific, logistical, and financial institutions,
each performing defined functions in shaping

the nation’s
maintaining
namely:

1. State Customers and Regulators:

- Ministries of Defense;

- Security and intelligence agencies;

- Defense procurement agencies;

— Certification and standardization
authorities;

- International defense alliances (where
cooperation exists).

2. Prime Contractors:

defense capabilities and
technological  sovereignty,
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- Key enterprises of the defense industry;

- System integrators;

- Developers of complex technological
solutions (aviation, armored vehicles, missile
systems, IT systems, etc.).

3. Tier 1 Suppliers:

- Suppliers of components, assemblies,
and specialized equipment;

— Dual-use enterprises.

4. Tier 2 and Lower-Tier Suppliers (Tier 2,
Tier3...):

- Manufacturers of basic materials, parts,
and components;

— Suppliers of raw materials, rare-earth
metals, and electronics.

5. Scientific, Design, and Engineering
Institutions:

- State and private research institutes;

- Design bureaus;

- Innovative startups.

6. Logistics Operators and Transport
Structures:

- Specialized carriers of defense cargo;

- Warehouses and dual-purpose logistics
hubs;

- Multimodal transport companies with
appropriate permits.

7. Financial and Insurance Institutions:

- Banks providing financing for defense
contracts;

- Insurance companies covering risks
associated with supply and production.

8. Information and Communication
Systems:

- Digital supply chain management
platforms;

- Data protection and cybersecurity
systems.

Overall, the configuration of a DIC supply
chain is multilevel, high-tech, and often
exhibits a networked or hybrid structure,
encompassing:

— Vertically integrated structures -
leading enterprises that control substantial
portions of the chain (e.g., from design to final
assembly and testing);

— Cooperative clusters — networks of
enterprises concentrated in strategic regions
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engaged in joint
production;

— Global or regional supply chains -
involving international suppliers of raw
materials, technologies, or components
(particularly for high-tech products);

— Closed critical segments - chain
segments fully controlled by the state or
strategic enterprises to safeguard against
external threats;

— Dual-circuit  supply chains -
separating civilian and military circuits to
enhance flexibility and enable rapid capacity
mobilization in crises.

Thus, defense-industrial supply chains
possess a set of unique characteristics that
fundamentally  distinguish  them from
analogous systems in the civilian sector. This
specificity arises from the high strategic
importance of defense products, the
complexity of production processes, and the
strict requirements for security, quality, and
confidentiality.

First, DIC products are typically
technologically sophisticated and unique,
requiring the participation of highly
specialized suppliers of components and
materials. Such  suppliers are often
monopolistic or form a limited group of
contractors, which increases dependency
risks and contributes to supply chain fragility.

Second, state regulation plays a
dominant role in DIC supply chains,
encompassing stringent standards for quality
and certification, as well as control over
compliance with secrecy and security
regimes. This restricts flexibility and the ability
to rapidly substitute suppliers, while also
complicating integration with international
supply chains.

Third, the DIC operates in an environment
of high external turbulence - geopolitical
conflicts, sanctions, import and export
restrictions, and the risks of warfare directly
affect resource availability and supply
stability. These conditions elevate the
requirements for supply chain resilience and
adaptability.

development and
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Fourth, ensuring continuity of production
and adherence to strict timelines for the
execution of state defense orders constitutes
a critical task. Any disruption in supply can
have far-reaching consequences for both
enterprises and national security.

Moreover, DIC supply chains are
characterized by a high degree of integration
among enterprises of different levels - from
component developers and manufacturers to
final assemblers and military customers. This
necessitates effective coordination,
information exchange, and mutual trust
among participants - factors often
complicated by secrecy and regulatory
constraints.

Therefore, the distinctive nature of
defense-industrial supply chains lies in the
combination  of  high  technological
complexity, strict regulatory oversight,
significant vulnerability to external risks, and
the imperative to ensure maximum levels of
resilience and adaptability. The management
of such supply chains requires specialized

20-42
v.33 (2025)
https://smart-scm.org

strategic importance of defense products and
the particularities of the contemporary
geopolitical environment.

Effective management of defense-
industrial supply chains (DIC supply chains)
under contemporary conditions is impossible
without the integration of the concepts of
resilience, adaptability, and antifragility,
which collectively form the foundation of the
viability of such supply chains as integrated
socio-technical systems.

The viability of a DIC supply chain should
be understood as the system’s ability to
ensure the continuity of its key functions, to
respond rapidly to internal and external
environmental changes, to effectively
counteract disruptive influences, and to
leverage crises as opportunities for
transformation and structural reinforcement.
Table 1 presents the authors’ conceptual
interpretation of the key characteristics
defining resilience, adaptability, fragility, and
viability of defense-industrial supply chains.

approaches that account for

both the

Table 1. Comparative Analysis of the Key Characteristics of Resilience, Adaptability, Fragility,
and Viability in Defense-Industrial Supply Chains

The Essence of the | Form of Response Management Significance for the Defense
The Concept : h
Concept to Disruptions Focus Industry
Ability to withstand Return to the Continuity planning, Critical need to maintain
Resilience disruptions and previous or an reserves, and uninterrupted functioning
recover rapidly acceptable state recovery strategies during crises
Ability to modify FIex!bIel Structural flexibility, Ability to respond to new
. structure and reorganization, . ) )
Adaptivenes . P link adaptation, and challenges (sanctions,
processes in process modification, . . . )
s . configuration changes in suppliers and
accordance with new | and engagement of
. changes markets)
conditions new partners
Ability to become Utilization of crises as | Plromptlon Of. Strengthening of competitive
I earning, innovation, "
Antifragility stronger after catalysts for growth advantages and resilience to
. . , and structural
disruptions and crises and development , future shocks
transformation
System’s ability to Balance between Systemic strategic
I maintain functionality | efficiency, resilience, management and Ensuring long-term national
Viability ) " : . . .
and development in adaptability, and integration of and economic security
the long term innovativeness approaches

Source: Generalized by the authors based on [15-17, 22, 24]

Management of the viability of defense-
industrial supply chains is based on a set of
interrelated principles

that

reflect the

integration of approaches to
adaptability,
among these is the principle of security and

and

resilience,

antifragility. Foremost
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criticality  priority, which entails the
identification of bottlenecks, critical suppliers,
and essential resources, as well as ensuring
their protection against physical, economic,
and cyber threats. Equally important is the
principle of structural and informational
transparency, which requires the
establishment of a network of interactions
among supply chain participants based on
reliable communication systems that enable
real-time monitoring of the condition of key
elements of the chain and potential risks.
Given the need to ensure adaptability, a
critical aspect is the principle of flexibility and
modularity, which implies the creation of
capabilities for rapid reconfiguration of
production, diversification of supply sources,
and logistics routes. This principle is
complemented by the principle of
decentralization and redundancy, aimed at
minimizing dependence on a single supplier
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or node, maintaining alternative supply
options, and distributing critical capacities
geographically.

The concept of antifragility necessitates
the implementation of the principle of
learning and evolutionary development,
which refers to the ability of the supply chain
not only to recover from crises but also to
accumulate  experience, strengthen its
internal structure, and enhance management
efficiency under the influence of stress
factors.

In this context, the principle of integrated
risk  management acquires  strategic

importance, implying a systemic approach to
the identification, analysis, and neutralization
of both anticipated and unforeseen threats
across all levels of supply chain functioning
(Fig. 3).
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Figure 3 — Structure of the Elements of Resilience in the Defense-Industrial Supply Chain
Source: Developed by the authors

Thus, the viability of a defense-industrial
supply chain as an integrated system results
from the comprehensive implementation of
principles that ensure its resilience to
disruptive influences, its adaptability to
environmental changes, and its capacity for
effective  transformation  under  crisis

conditions. Ensuring such viability is a
prerequisite for the sustainable functioning of
the defense-industrial complex (DIC), as well
as for enhancing national security and the
strategic autonomy of the state.
Management of DIC supply chains is
characterized by a set of specific challenges
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and threats that significantly affect their
resilience and fragility. Among the key threats
is geopolitical instability, manifested in armed
conflicts, sanctions, and political isolation.
These factors restrict access to critical
resources, thereby reducing overall supply
chain resilience and increasing the risk of
supply disruptions and functional
breakdowns. A particularly serious issue is the
high dependence on the import of critical
materials and technologies, especially from
unstable or unfriendly regions, which
introduces additional vulnerabilities and
amplifies systemic fragility in the event of
interruptions in international deliveries.

Another major threat lies in cyberattacks
and other information-related risks, which can
compromise the operation of digital supply
chain management platforms, leading to
reduced process transparency, loss of
coordination control, and, consequently, a
decline in overall system resilience.
Disruptions in global transport and logistics
networks caused by crises or emergencies
create physical barriers to material flows,
further increasing fragility and diminishing
the supply chain’s ability to respond rapidly to
changes.

In addition to external challenges, the
development and functioning of DIC supply
chains are influenced by a number of internal
barriers. A large bureaucratic apparatus and
the complexity of state procurement
procedures hinder decision-making agility
and innovation implementation, thereby
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reducing the system’s flexibility and
adaptability. A shortage of qualified
personnel in production, logistics, and
innovation limits modernization potential
and managerial efficiency, further
exacerbating system fragility. Technological
obsolescence of equipment and limited
access to financing impose additional
obstacles to ensuring production continuity
and supply chain resilience.

At the same time, there are important
drivers of development that contribute to
strengthening resilience and reducing
fragility in DIC supply chains. Notably,
production localization and  supplier
diversification help decrease dependence on
external sources, thereby improving the
system’s flexibility and reliability. The
development of innovative technologies,
digitalization of management processes, and
enhanced cybersecurity improve
transparency, coordination efficiency, and
responsiveness to threats.

An equally vital component is integration
into international cooperative programs and
standardization, which expand technological
capabilities and enhance overall resilience
through access to shared resources and
partner networks. State support—in the form
of import substitution policies, incentives for
scientific research, and investment in
production capacity development—creates
the necessary conditions for establishing a
viable and adaptive supply system.

Table 2. Challenges, Threats, Barriers, and Development Drivers of Defense-Industrial Supply
Chains from the Perspective of Resilience and Fragility

Characteristics Content

Possible Implications for the Resilience
and Fragility of Defense Industry Supply
Chains

Challenges and Threats

Reduced resilience due to limited access to

Companies.

Geopolitical Armed Conflicts, Sanctions, Trade resources: increased fraaility caused by supol
Instability Restrictions, and Political Isolation . ey d fragiirty y supply
disruptions and chain breaks

. . The Production of Defense Industry . " .
High Technologlcal Products Often Depends on Unique This creatgs vulnerability through rlslf .
Complexity and . . concentration and makes supply chains fragile

. Technological Components Supplied by a . . :
Limited Number of o L to technical failures, material shortages, or

: Limited Number of or Even Monopolistic . .

Suppliers price fluctuations.
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Dependence on

Critical Materials, Technologies, and
Components Originating from Unfriendly or

Increased fragility due to the risk of supply
blockades; reduced resilience of the

Imports Unstable Regions production process
The requirements for quality, reliability, and
, safety of products in the defense sector are
Need for Strict

Quality and Safety
Control

extremely strict, which limits the possibilities
of replacing suppliers and implementing new
technologies without lengthy certification
and verification procedures.

This creates additional barriers to the rapid
adaptation of supply chains.

Increasing
Turbulence of the
Market Environment

Demand fluctuations, changes in state
defense orders, financial constraints, and
other factors

Reduced ability of supply chains to adapt
quickly

Cyberattacks and
Information Threats

Interference with digital platforms, data
leaks, and management paralysis

Decreased informational and managerial
resilience; increased fragility of management
and coordination systems

Environmental and
Social
Requirements

Modern requirements for sustainability,
environmental safety, and social
responsibility, which often conflict with other
priorities such as speed or cost

Increased fragility of supply chains and the
need to adapt to environmental and social
requirements

Disruptions in
Global Logistics

Interruptions in international routes and
shortage of transportation capacities

Increased fragility of physical flows; reduced
resilience in the supply of components and
resources

Development Barriers

Bureaucratic
Constraints

Complexity and Duration of Public
Procurement, Certification, and Licensing
Procedures

Reduced flexibility and adaptability; increased
fragility due to delays in implementing new
solutions

Shortage of
Qualified Personnel

Insufficient Number of Specialists in the
Fields of Production, Innovation, and
Defense Industry Logistics

Decreased operational resilience; increased
fragility resulting from human factors and
decision-making errors

Technological
Obsolescence

High Level of Equipment Wear and Limited
Technological Capabilities

Increased production fragility; reduced
resilience to technical failures and accidents

Limited Access to
Financing

Insufficient Investment in the Modernization
and Development of Defense Industry
Supply Chains

Reduced resilience of innovative development;
increased fragility due to the lack of resources
for diversification and protection

Development Drivers

Localization and

Development of Domestic Production,
Engagement of New Suppliers and Regional

Increased resilience through reduced external
dependence; decreased fragility due to

Diversification .

Clusters alternative sources of supply
Development of Implementation of Advanced Technologies, | Strengthening of management and
Innovation and Digital Management Platforms, and coordination resilience; reduced fragility
Digitalization Cybersecurity Measures through transparency and control
International Integration into International Programs, Enhanced resilience through expanded
Cooperation and Harmonization of Requirements, and Joint partnerships; reduced fragility through shared
Standardization Defense Projects access to technologies and resources
State Support and Import Substitution Policies, Tax Incentives, Strtzngtthenlngt thi’\. rﬁsnlgncg Oﬂdow.?s’f['ﬁ h
Incentives and Support for Research and Development procuction potential; reducing fragiitty throug

strategic planning

Source: Generalized by the authors based on [8, 14-16, 21]

Therefore, the s

uccessful management of

barriers, while simultaneously leveraging

defense-industrial supply chains (DIC supply
chains) requires a systemic approach that
accounts for the impact of both external
challenges and threats, as well as internal

development drivers to enhance resilience
and reduce fragility within the system. Only
through such an integrated approach can the
viability of the supply chain be ensured - an
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essential foundation for the defense
capability and strategic autonomy of the
state.

Figure 4 summarizes the authors’
proposed set of key management measures
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aimed at strengthening the resilience,
adaptability, and antifragility of defense-
industrial supply chains.

I/ Viability — the comprehensive capability of a system to function and develop over the long term -|

Resilience — the ability to withstand
disruptions and recover.

Adaptability — the ability to change in
accordance with new conditions.

Antifragility — the ability to develop
under the influence of stressors

Identification of critical network nodes
— and resources, and detection of
bottlenecks

Diversification of suppliers and
routes

Distribution and Decentralization of
Resources —

Creation of strategic reserves and
1 redundancy to ensure production
continuity

Localization of production and
development of regional clusters

Support for Innovation and
Continuous Technological Renewal

Active Interaction with Scientific and

Standardization and certification of
— suppliers, regular auditing and

Implementation of flexible, modular,
and adaptive production systems

Research Institutes

monitoring of their activities

Implementation of a Culture of

Tracking inventory status, deliveries, —
+—— and quality to detect deviations and

Integrated demand and supply
planning

Learning from Mistakes and Crises

Integrated Risk Management

prevent disruptions

Regular risk assessment and supply

Personnel training and
enhancement of change readiness

Considering Uncertainty

chain auditing, establishment of a risk

Formation of Strategic Alliances

management system

Active partnership and cooperation

Capable of Withstanding Crises

Ensuring information and

— communication transparency,

improving cooperation among supply
chain participants

Integration of Multidisciplinary
Approaches in Management —
Involvement of Knowledge from

Various Fields

Figure 4 — System of Managerial Measures for Enhancing the Resilience, Adaptability, and
Antifragility of Defense-Industrial Supply Chains
Source: Developed by the authors

Thus, ensuring the resilience of defense-
industrial supply chains requires the
implementation of a comprehensive set of
measures that allow them to maintain
continuous operation even under adverse
conditions. Foremost among these is the
identification of critical nodes and resources
within the supply chain, enabling a focused
allocation of efforts toward the most
vulnerable points of the system. The
formation of strategic reserves of materials
and components ensures the continuity of
production in the event of supply disruptions.
A well-organized inventory management
system helps anticipate demand fluctuations
and guarantees the availability of critical
materials. This approach enables effective
resource management, optimizes production
capacities, and maximizes output during peak
demand periods. Regular monitoring and

quality control of supplies, together with the
standardization of supplier requirements,
help prevent the use of substandard products
that may cause operational failures. The
development of business continuity plans
and personnel training allows for rapid and
coordinated responses to emergencies.
Equally important is the cybersecurity of
information systems supporting supply chain
management, as threats in the digital domain
can paralyze coordination and control. The
optimization of logistics processes, regular
risk audits, and ensuring information
transparency among participants further
enhance system resilience, creating a robust
foundation for stable performance. To
strengthen the adaptability of supply chains,
measures must be implemented to ensure
flexibility and rapid system reconfiguration in
response to changing conditions. Defense
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industry  contractors face considerable
challenges in ensuring timely deliveries and
maintaining high product quality.
Diversification of suppliers and logistics
routes minimizes the risks associated with
disruptions along a single direction or from an
individual supplier. Localization of production
and the formation of regional clusters reduce
dependency on external factors and shorten
delivery times.

Flexible production systems, capable of
rapidly modifying product assortments or
output volumes, enable prompt responses to
market needs and operational challenges. The
digitalization of management processes -
through the use of data analytics and
predictive systems — supports effective, real-
time decision-making. Conducting scenario-
based exercises and  decentralizing
management authority increase
responsiveness to localized problems. Early
warning systems and active promotion of
innovation facilitate timely adaptation of
supply chains to emerging challenges.

Finally, partnership and cooperation
among supply chain participants establish a
network of mutual support that strengthens
adaptive capacity. Cultivating collaboration
and building trust within defense-industrial
supply chains ensure the stable supply of
high-quality products, thereby reinforcing the
broader foundation of the national defense
industry.

Considering that antifragility is the ability
of a supply chain not only to withstand
stressors but to become stronger as a result of
them, the development of antifragility
requires the implementation of a culture of
learning from errors and crises, with a
systematic analysis of all failures aimed at
continuous improvement. Flexible
transformation strategies enable rapid
reconfiguration of the supply chain in
response to unforeseen events. The
continuous introduction of innovations and
technological upgrades enhances both
competitiveness and system endurance.
Integrated risk management, which accounts
for uncertainty and radical change, allows
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preparation for a wide range of potential
scenarios. The development of partnership
networks, collaboration with scientific
institutions, and the establishment of
feedback systems ensure a constant
exchange of knowledge and resources,
thereby strengthening antifragility.
Furthermore, the development of human
capital focused on innovation and
adaptability builds teams capable of
operating effectively under uncertainty.
Scenario-based training and a
multidisciplinary approach to management
foster the formation of a holistic, viable, and
self-developing supply chain system.

Thus, a comprehensive approach to
supply chain management that integrates
measures  for  enhancing resilience,
adaptability, and antifraqgility is crucial for
ensuring their viability, especially under
conditions of instability and continuous
change. Implementing these managerial
measures requires a transformation of the
technological decision-making base, as
traditional approaches are limited in speed,
transparency, and coordination of managerial
efforts. The absence of integrated systems
and unified standards leads to isolated
operation of individual departments and
contractors, complicating synchronization of
actions, generating conflicts, and diminishing
overall supply chain efficiency.

First and foremost, it should be
emphasized that to increase the resilience,
adaptability, and antifragility of defense-
industrial supply chains, flexible management
structures  are  essential.  Traditional
hierarchical models - characterized by
excessive bureaucracy and multiple levels of
control — impede rapid decision-making and
hinder coordination among supply chain
participants. Consequently, modern agile
organizational structures are shifting away
from vertically isolated models toward
horizontal systems that minimize
bureaucracy and delegate authority directly
to those closest to operational processes.

A horizontal organizational structure with
broad spans of control and fewer hierarchical
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layers dismantles traditional organizational
barriers, stimulates cross-functional
collaboration, and accelerates decision-
making and responsiveness to change. This is
particularly critical for defense-industrial
supply chains, where timing and precision are
of paramount importance. A key element of
such a structure is the team-based
management model - a network of small,
autonomous, cross-functional teams with
clearly defined client-oriented accountability.
These teams bring together specialists from
diverse fields, empowered to make decisions
that balance individual initiative with
collective coordination. Such an approach
fosters innovation and rapid response to
emerging challenges and opportunities — an

Team-Based
Management Model
Autonomous

decision-making teams
for rapid response

Cross-Functional
Collaboration
Collaboration among

different departments to
foster innovation

L PAN

J‘\ N Y
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especially relevant factor within the defense
industry context.

Moreover, the mission-oriented focus of
these teams enables them to concentrate on
meeting the needs of both internal and
external clients, fostering shared
responsibility for results and reinforcing a
collective sense of purpose. This alignment
leads to high task efficiency and coordinated
action across all supply chain participants.
Equally important is the leadership role,
which supports transformation and the
cultivation of agile thinking, sets the tone for
implementing innovative practices, and
creates an environment that promotes
adaptability and proactivity (Fig. 5).

Mission Orientation

Focus on meeting
customer needs to
achieve efficiency

Adaptive Leadership

Leadership that supports
innovation and flexibility

J { J

Figure 5 - Strtj_ctudralk_Support for Innovation
Source: Developed by the authors

Flexible structures with decentralization
and a team-based approach require robust
technological support to ensure effective
coordination, information exchange, and real-
time decision-making. Modern digital
technologies provide this support by
enabling the integration of heterogeneous

data, process automation, large-scale
information analysis, and risk forecasting.
They create a unified information

environment that fosters transparency and
interaction among supply chain participants,

regardless of their geographical distribution
or functional specialization.

Without modern digital solutions, agile
organizational models cannot achieve their
full efficiency, as it is technology that
transforms individual actions into
coordinated, rapid, and adaptive processes.

Table 3 illustrates how key digital tools -
the Internet of Things (loT), Big Data, Artificial
Intelligence (AD, Blockchain, Cloud
Computing, and Digital Management
Platforms - contribute to enhancing the
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resilience, adaptability, and antifragility of
defense-industrial supply chains.
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Table 3. The Role of Digital Technologies in Enhancing the Resilience, Adaptability, and
Antifragility of Defense-Industrial Supply Chains

Tet?llﬂgfclagy Enhancing Resilience Enhancing Adaptability Enhancing Antifragility
+ Continuous monitoring of  Dvnamic adiustment of
equipment and vehicle condition deIi{/ery rout er based on real-
for timely maintenance . , ) + Sensor data analysis to predict
L . time traffic and environmental .
(predictive maintenance). data and prevent failures.
Internet of + Control of temperature, . FIéxibIe invento + Development of recovery
Things (loT) humidity, and storage conditions management in r?él ime scenarios after incidents.
for critical materials. .Sy go t for operational ' + System learning from collected
* Rapid detection and localization interZFétion amcr:n supply chain data to enhance resilience.
of problems to minimize articipants g y
downtime. participants.
* |dentification of supply and ;rl?g(:jirtaet;igﬁn;?rrfa];igi?esrtlgg * Analysis of crisis events to
consumption patterns to prevent shifts develop best practices.
shortages. o1 e . * Modeling of scenario
: * Risk analysis related to external entification of potential developments to improve
Big Data YIS Te " bottlenecks in the supply P P
factors (political instability, chain preparedness.
climate change). S ) , * Detection of vulnerabilities and
L . . * Support for adaptive )
* Monitoring compliance with roduction and procurement weak links for further
regulatory requirements. Elanning P strengthening.
« Automatic detection of * Automation of planning + Continuous learning of the
anomalies in processes and processes considering internal | system based on environmental
prediction of potential and external changes. changes.
Artificial disruntions + Development of adaptive * Development and
Intelligence .0 t?mization of routes and management strategies based | implementation of resilience and
(A1) - piIm: . on data analytics. transformation strategies.
inventories o reduce risks. * [dentification of new * Decision-making support in
* Decision support in complex enttica . NS g supp
operational conditions opportunities for supply chain | crisis situations through
' optimization. simulations.
. Guarantee of data o * Decentralized data storage
transparency and immutability for . Facmtgtlon of fast and secure | increases resistance to external
material origin and transactions transactions between parties. | attacks. ‘ o
Blockchain « Reduction of fraud and error " | « Greater flexibility in contract | « Ensures business continuity
risks and agreement adjustments. even in case of localized
. Stréngthening of trust among + Automation of procedures via | disruptions. o
supply chain participants smart contracts. * Enhances data reliability and
' security under crisis conditions.
* Scalable resources for storage |  Flexible access to information | ¢ Data backup and disaster
and processing of critical data. resources from any location. recovery mechanisms.
Cloud * Ensuring uninterrupted access | ¢ Support for team mobility and | « Automatic resource scaling in
Computing to information. fast data exchange. response to changing loads.
« Fast data recovery after system | ¢ Easy integration of new « Strengthening the overall
failures. services and applications. viability of the infrastructure.
* Centralized risk and monitoring | * Coordination of actions + Continuous process
Digital management in real time. among (jifferent participants improvement based on analytics
Management * Improved process transparency | via a unified pIatform. . and feedback'. .
Platforms and control. + Support for rapid information | ¢ Support for innovative
* Integration of different systems | exchange and joint decision- approaches and development
for unified supply chain visibility. | making. strategies.
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* Flexible planning and
adaptation to external
changes.

* Ensuring sustainability of
transformation processes.

Source: Generalized by the authors based on [4, 5, 10, 21-24]

Summarizing the data presented in the
table, it should be noted that Internet of
Things (loT) technologies enable continuous
data collection from equipment, transport,
and warehouses, allowing for the prompt
detection of potential malfunctions and rapid
response, thereby enhancing system
resilience. At the same time, loT facilitates
flexible management of routes and
inventories, which strengthens adaptability,
while also accumulating data for forecasting
and process improvement - an essential
component of antifragility.

Big Data technologies make it possible to
analyze large volumes of information to
identify risks, forecast demand, and detect
weak links within the supply chain. This
enhances resilience through early warning of
threats, strengthens adaptability by enabling
rapid plan adjustments, and contributes to
antifragility through systematic learning from
crisis situations.

Artificial Intelligence (Al) automates
anomaly detection, optimizes resource
allocation, and supports decision-making
under complex conditions. As a result, Al
contributes to risk reduction and improved
efficiency (resilience), rapid reconfiguration of
processes (adaptability), and in-depth
analysis for post-stress system development
(antifragility).

Blockchain technology ensures the
transparency and security of transactions,
protects against fraud, and increases trust
among supply chain participants — key factors
for resilience. It also supports rapid and secure
coordination of actions (adaptability) and
creates a decentralized system resistant to
external attacks (antifragility).

Cloud computing guarantees scalability
and resource availability, maintaining
operational continuity and facilitating rapid
recovery after disruptions, thereby enhancing
resilience. Flexible access and service

integration strengthen adaptability, while
backup mechanisms and automatic scaling
sustain the system’s viability and antifragility
under crisis conditions.

Digital management platforms integrate
heterogeneous data and processes, enabling
real-time risk monitoring and effective
decision-making (resilience), coordination of
actions and rapid adaptation to change
(adaptability), and continuous process
improvement through innovation support
(antifragility).

Thus, the comprehensive
implementation of these digital technologies
provides the foundation for building viable
defense-industrial supply chains capable of
functioning effectively and evolving under
conditions of persistent challenges and
continuous transformation.

Conclusions. Based on the results of the
conducted research, the essence of defense-
industrial supply chains (DIC supply chains)
has been clarified as complex integrated
systems operating under conditions of high
uncertainty, multiple threats, and severe
constraints characteristic of both the global
environment and the internal realities of
Ukraine during wartime. The study
substantiates the relevance of applying the
concept of supply chain viability to the DIC,
which synthesizes approaches to ensuring
their resilience, adaptability, and antifragility.

The research systematized the main
challenges, threats, barriers, and drivers
influencing the development of such supply
chains from the standpoint of their impact on
system resilience and fragility. It was
established that the key factors shaping
viable defense-industrial supply chains
include the diversification of suppliers and
logistics routes, the development of
horizontal interaction among business
ecosystem participants, and the extensive use
of modern digital technologies.
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The necessity of abandoning traditional
hierarchical and centralized models of
managing DIC supply chains was separately
justified in favor of flexible, decentralized
organizational structures that combine
autonomy, partnership, and an integrated
digital environment.

To enhance the resilience, adaptability,
and antifragility of Ukraine’s defense-
industrial supply chains under conditions of
global turbulence and armed conflict, a
comprehensive approach must be applied,
integrating organizational, technological, and
managerial measures.

In particular, it is advisable to diversify
suppliers and transportation routes, thereby
reducing dependence on individual countries
and critical logistical nodes. It is equally
important to develop horizontal partnerships
among defense enterprises, the private
sector, research institutions, and international
companies to establish a robust and
sustainable business ecosystem.

The implementation of modern digital
technologies - including the Internet of
Things (loT), Artificial Intelligence (Al),
Blockchain, and cloud-based platforms — will
enhance transparency, flexibility, and
decision-making speed.

A critically important task is the
development of local production of
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strategically significant components, the
strengthening of information security, the
implementation of risk monitoring systems,
and the regular training of personnel in crisis
management principles. The combined effect
of these measures will enable Ukraine’s
defense-industrial supply chains not only to
effectively withstand external challenges but
also to evolve and improve even under
difficult and unstable conditions.

Further research should focus on the
quantitative modeling of resilience,
adaptability, and antifragility parameters of
DIC supply chains, using practical assessment
tools tailored to the realities of Ukraine. A
promising direction lies in the development
of diagnostic methodologies for evaluating
the interaction between DIC enterprises and
the private sector within  business
ecosystems, as well as the study of the
effectiveness of specific digital technologies
(such as Artificial Intelligence, Blockchain, and
digital management platforms) in
strengthening supply chain viability.

Special attention should also be devoted
to the formation of regulatory and
organizational frameworks that would enable
the implementation of flexible management
models for defense supply chains during both
wartime and post-war reconstruction periods.
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MAIN CHALLENGES ON THE WAY OF IMPLEMENTING «GREEN»
TECHNOLOGIES IN THE LOGISTICS SPHERE

Vladyslav Marchenko. «Main challenges on the way of implementing «green» technologies in the
logistics sphere». At present, the escalation of such serious global challenges as environmental pollution,
climate change and depletion of natural resources is pushing humanity to find modern technologies, decisions
and practices that can minimize the ecological burden on the planet. Sustainable development, as an
innovative, balanced concept that counters these problems, could not ignore the logistics sphere, which, despite
its invaluable role as a global transport network, unfortunately still has a significant negative impact on the
environment. In such conditions, the implementation of «green» technologies in the logistics sphere is not just
an important, but a critically needed task. The ecological transformation of logistics has a strategic importance
for countries, business representatives and ordinary citizens. The purpose of this article is to study and analyze
the main challenges that stand on the way of implementing «green» technologies in the logistics sphere. In this
research, the main barriers were identified and explained, starting from economic, technological, regulatory
and legislative difficulties and ending with cultural, infrastructural and complex problems. An essential
emphasis in the work was made on their relevance in the context of the current Ukrainian realities of wartime,
when the «green» modernization of the logistics sphere is greatly complicated. The results of this conducted
research can be used by different scientists, developers of «green» policy, managers of logistics companies,
business representatives, and simply all other people who are interested in spreading the concept of sustainable
development in the logistics sphere.

Keywords: sustainability, development, technologies, ecology, effectiveness, prospects, transport,
logistics, management

Bnaducnae MapueHko. «[0/108Hi UK/TUKU HA WXy 8NPOBAONEHHA «3eJ/leHUX» mexHosoail y
nozicmuyHy cehepy». B Haw uyac, eckanauia makux ceplo3HUX 27106a/1bHUX BUK/IUKIB, AK 3a0pyOHeHHs
HABKOMUWHbLO20 Ccepedosuwd, 3MiHA KiMamy ma sudepndaHHa npupooHUX pecypcis, niekae 1100cmaso 00
3HAXOO0XEHHSA CYYdCHUX MexHOJOoRil, pilleHb ma Npakmuk, Wo MOXymb MiHIMI3y8amu eKoso2iuHe
HABAHMAXeHHA Ha nnaHemy. Cmanul po3suUMOK, AK  [HHOB8AYilUHA, 36a/1aHCOBAHA KOHUenyis, Wo
npomucmoime 0aHuUM npobsemam, He MO2a OMUHYMU CMOPOHOK JI02iICMUYHy chepy, AKa Kpim c8O€i
6e3yiHHOI posni c8iM0oB8OI MPAaHCNOPMHOI MepeXi, Ha Xajb 8ce we MAe 3HaYHUl HezamusHul 8nu8 HaA
HABKOUWHE cepedosuuje. B makux ymosax imniaemeHmayis «3esieHUx» mexHonozil 8 1oz2icmuyHy cgepy € He
NpoCmMo 8aX/UBOID, A KPUMUYHO HeobxiOHot 3adayeto. EkonoziyHa mpaHcgopmayia no2icmuku mae
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cmpameziyHe 3Ha4eHHs 0717 KpaiH, npedcmasHuUKig 6i3Hecy ma 3gudatiHux epomadsaH. Memoio yiei cmammi €
8UBYEHHA MA AHAJ/1i3 20/I08HUX BUKJ/IUKIB, AKI CMOAMb HA WJ/IAXY iMNIeMeHmauyii «3e1eHux» mexHoso2il y
nozicmudHil cgepi. B ypomy 0ocnioxeHHi 6yno 8usHa4eHO Ma NOACHEHO 20/108HI 6AP’EPU, NOYUHAIOYU 3
E€KOHOMIYHUX, MEeXHOM02I4HUX, HOPMAMUBHO-NPABOBUX CKAAOHOCMeU i 3aKiH4Yyl4U Ky/1bmypHUMU,
iHppacmpykmypHUMU ma KomnaekcHUMU npobaemamu. Baxnusuli akyueHm 8 pobomi 6yn0 3pobaeHo Ha ix
akmyanbHOCMI, 8 KOHMEKCMI HUHIWHIX YKpAiHCbKUX peasili B0EHHO20 YaAcy, KOJU «3e/leHa» MoOepHi3ayis
J102icmuy4HOI cghepu € Cymmeso ycknaoHeHoo. Pesyiemamu 4b020 NnposedeH020 00C/iOKeHHS MOXyms 6ymu
8UKOpPUCMAHI PI3HUMU HAYKOBUAMU, PO3POOHUKAMU «3€e/1eHOI» NoMimuKuU, MeHeoXepamu J102iCmuy4HUX
KOMNaHit, npedcmasHUKamu 6isHecy ma npocmo 8cima iHWUMU J1I00bMU, AKI € 3ayiKagaeHUMU y nNowupeHHi
KOHUenuyjii cmasozo po38umky 8 1o2icmuyHil ceepi.

Knroyoei cnoea: ctanictb, po3BUTOK, TEXHONOT T, eKonorisa, eGeKTUBHICTb, NePCNEKTUBY, TPAHCNOPT,

JIOTiCTUKA, MEHEIPKMEHT.

Introduction. At present, humanity faces
a wide range of serious global challenges. This
undoubtedly includes problems related to
climate change, the gradual depletion of
various natural resources and environmental
pollution. The last questions are being talked
about a lot lately, since minimising the
negative impact of human activity on the
environment is one of the top priority tasks of
our time. It is not surprising at all that the
search for new approaches to global
development has not bypassed the logistics
sector. Today, logistics is not just about
transport and warehousing operations, but
about one of the largest existing sources of
environmental pollution. It is enough just to
remember its enormous volumes of carbon
dioxide emissions and annual packaging
waste, and everything immediately becomes
clear.

The realisation of the need to reduce its
enormous impact on the environment has led
humanity to seek new, modern, safe and
effective ways for its development. Such a
promising option became the idea of
integrating the concept of sustainable
development into the logistics sphere. The
implementation of elements of this concept
has had a positive impact on the
development of a new, promising direction of
«green» logistics. «Green» logistics has
focused on the idea of minimizing the
ecological impact of logistics on the

environment by balancing social,
environmental, and economic aspects.

Nowadays, «green» logistics is a set of
effective  practices, highly productive
approaches, innovative technologies and
solutions aimed at reducing the
environmental  footprint  of  logistics
operations. This direction is a global, strategic
vector for the development of the logistics
sphere designed for a long-term perspective.
It includes the use of a wide array of tools,
starting with electric transport and eco-
friendly packaging and ending with hydrogen
and digital technologies. Many experts agree
that «green» logistics can achieve serious
success, since not only ordinary society but
also modern business is interested in its
development. This concept contributes not
only to the preservation of ecosystems, but
also to increasing the competitiveness of the
business itself, improving its reputation and
global responsibility.

The logistics sector continues to adapt
quickly to all possible changes, globalisation
processes and modern trends, but despite
this, it must be acknowledged that there are
currently a huge number of obstacles that
prevent and, in the coming years, will
continue to prevent the full-fledged
development of this direction. Despite
growing environmental awareness and
international efforts towards a «green»
transition, the development of this direction
in most countries, including Ukraine, has
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encountered extremely significant difficulties
on its way. These problems are very complex
and require well-thought-out decisions at
both the macro and micro levels. This includes
not only the obvious serious initial costs and
strategies of logistics companies, but also
such global challenges as reforms in the
economy, the formation of a modern
regulatory framework, and infrastructure
development. In the context of the current
full-scale hostilities in our country, this
question is particularly important, as logistics
companies must not only thoroughly plan
their economic and resource capabilities, but
also carefully consider options for «green»
modernization.

Thus, the task of studying the main
challenges that stand on the way of
implementing «green» technologies in the
logistics sphere and searching for possible
ways to overcome them is more relevant than
ever

The purpose of the article is to study
and analyse the main challenges that stand
out the way of implementing «green»
technologies in the logistics sphere. The
article not only explains examples of modern
issues, but also puts an emphasis on the
current situation in Ukraine.

Presentation of the main results.
Today, humanity is fighting a wide variety of
serious threats, and inadequate attention to
their resolution in our time could lead to a real
catastrophe for all our future generations.
Currently, the issues related to environmental
pollution, the gradual depletion of natural
resources and climate change are especially
sharp.

In the context of climate changes,
increasing carbon dioxide emissions into the
atmosphere, growing waste volumes,
declining natural resources, and growing
number of all possible environmental
demands from society, the idea of
introducing the concept of sustainable
development into the logistics sphere has
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become not just a matter of simple
importance, but rather a matter of urgent
necessity. Sustainable development is critical
for our planet and future generations [1].

Even if we take into account only a few of
the above-mentioned aspects, it can be
confidently stated that the logistics sphere is
currently one of the largest sources of
environmental pollution, not only in terms of
greenhouse gas emissions, but also in terms
of the enormous volumes of waste, which is
clearly demonstrated in Fig. 1.

The integration of  sustainable
development aspects into the logistics sphere
has allowed humanity to look at it in a
completely new way, from a more ecological,
«green» point of view. Over many years,
society has managed to form a modern vision
of logistics as an effective tool that is not only
concerned with economic results, but also
takes responsibility for preserving the
environment.

«Green» logistics aims to minimise the
negative impact of logistics on the economy
through the massive introduction and use of
both «green» technologies and different
sustainable practices. Among the most
popular examples are energy-efficient
warehouses, electric transport, various types
of biofuels, wind turbines, solar panels,
regenerative energy systems, hydrogen
technologies, eco-friendly packaging,
modern systems for calculating the most
efficient routes, automated resource
distribution  systems, greenhouse gas
emission monitoring systems, and many
other options.

For a long time, «green» technologies in
logistics were not taken seriously by business
representatives, but now there are countless
examples of their successful implementation
by all kinds of companies. The development
and deployment of new green technologies is
key to mitigate and adapt to climate change,
reduce negative impacts of economic activity
on nature and reduce pollution [2].
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Figure 1 - Example of huge amounts of packaging waste
Source: https.//thesustainabilist.ae/sustainable-packaging-in-the-uae-e-commerce-industry/

Despite numerous achievements in this
area, it must be acknowledged that
successful, truly large-scale cases usually
occur in developed states, while in other
countries, including Ukraine, the issue of
«green» transformation faces significant
challenges. These difficulties exist at both the
macro and micro levels, and a country's
success usually depends on the development
of its infrastructure, economic stability,
environmental reforms and investments.

Today, there is a greater need than everin
researching the challenges that stand in the
way of implementing «green» technologies in
the logistics sector. Knowing what to expect
helps us adapt and prepare for a more
resilient future [3]. A deep understanding of
these complexities and the reasons for their
emergence can help identify the most
effective ways for their potential resolution.
That is why this article aims to study and
analyse the main challenges that currently
stand on the way of implementing «green»
technologies in the logistics sphere. At
present, they are quite numerous. The
«green» transformation of the logistics sphere
is a truly complex process, and although the
idea of implementing the concept of
sustainable development in logistics has

gained support from society and business, the
introduction of «green» technologies in
logistics companies is still proceeding at a
fairly slow pace.

Of course, today, the most obvious
challenge is the high initial costs and the need
in significant investments. This factor is quite
critical for many operators, as reducing the
negative impact of logistics activities on the
environment is directly linked to the use of
modern technical and advanced
technological solutions. The need in
significant financial investments is a very
painful question for small and medium-sized
companies, which often simply cannot allow
themselves to take such steps. This is not
about trivialities, but about large-scale

decisions such as purchasing electric
transport, charging station equipment,
installing energy-efficient lighting,

modernising work spaces and warehouses,
switching to eco-friendly packaging, starting
to use renewable energy sources, and many,
many other examples.

In order to achieve success in this area,
logistics companies must carefully calculate
everything for the long-term perspective, find
sources of investment, or at least take
advantage of favourable credit offers. In
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developed countries, this problem is well
understood and attempts are being made to
solve it through state funding, sponsorship of
ecological programs, grants, «green»
crediting and even tax reductions. In
developing countries, including Ukraine,
despite the existence of certain such
initiatives, it should be noted that support for
logistics companies in this regard is quite
limited. The lack of such assistance is a critical
barrier for business on the path to a «green»
future, and that is why high initial costs are
still considered a significant challenge on the
way of implementing «green» technologies in
logistics.

Another, but no less large-scale problem
is the lack of a detailed regulatory and
legislative basis that would regulate the
introduction and development of «green»
technologies in the logistics sphere. This
moment represents the key reason why their
implementation in logistics is still at such a
low level. The absence of relevant legislation
that addresses aspects of «green» logistics
deprives business representatives of a clear
vision of their direct obligations in terms of
complying with modern sustainable norms.
This, in its turn, does not give logistics
companies confidence in their «green»
initiatives, nullifies the very concept of
stability and the need to plan such projects,
especially large-scale ones. Today, each
country has its own approach to this question.
Many developed countries already have
specific achievements in this direction, but in
Ukraine, it still has not received enough
attention. At present, there is no
comprehensive law in our country that would
be responsible for the general, effective
regulation of the «green» logistics sphere. In
practice, we have separate laws and state
strategies, which usually do not indicate
specific requirements for logistics operations
related to the «green» course, as well as clear,
step-by-step time frames for their realization
in life. For Ukraine, as a modern developing
country, it is important to pay more attention
to creating a strong regulatory and legislative
framework that will not only turn «green»
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logistics into an integral part of our national
environmental policy, but will also have clear
requirements, obligations, timelines, control
methods and enforcement mechanisms.

It is also impossible not to mention such
a challenge as the lack of unified, legislatively
defined environmental standards for logistics
operations, or at least criteria for their
assessment. Current legislation lacks a large
number of requirements for sustainable
supply chains, greenhouse gas emissions
accounting in logistics processes, «green»
packaging, ecological transport, etc. This
leads to a situation where each market player
decides for himself what are the frames of
acceptable environmental friendliness, which
is a completely wrong decision. Currently,
logistics companies can only take into
account certain aspects of their impact on the
environment, ignoring such important factors
as the amount of waste, noise pollution, the
efficiency of resources use, etc. The result of
this is a picture that does not show the real,
complex impact of business on the
environment. This not only makes this sphere
less transparent and honest, but also makes it
harder to compare results, and not just
between Ukrainian companies, but also with
foreign ones. Right now, they cannot prepare
accurate, standardised reports that are
created according to unified, modern norms
and which fully reflect the true picture of their
ecological friendliness, which is a very
important factor in the question of attracting
new investments, obtaining grants, receiving
favourable credit offers and even the simple
opportunity to participate in various
government programmes.

In the absence of unified environmental
standards for logistics operations, it is simply
impossible to seriously discuss the concepts
of «obligationy, «control» and
«implementation» of sustainable solutions.
On this basis, an unpleasant situation arises
when companies do not have any relevant
guidelines to follow, and regulatory
authorities, in their turn, are unable to
conduct proper monitoring and enforcement.
Such along-term, irresponsible policy leads to
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the result, where companies still do not see
much sense in the ecological transition,
postpone promising «green» initiatives to the
distant future, or banally implement themin a
limited form more for PR and marketing
purposes than with the aim of conscious
reduction of the negative impact of logistics
on the environment. A way out of this
situation could be the development and
popularisation of common international
standards that would serve as tools for
achieving the set goal. Currently, such
modern examples include ISO 14001
environmental certificates, Life Cycle
Assessment (LCA) methodologies, GHG
Protocol carbon reports, and others. That is
why the creation and application of
standardised mechanisms for measuring the
«green» efficiency of logistics operations is
such an important question in our time.

One of the most acute problems today is
the lack of government support for logistics
companies and a poorly thought-out
incentive system for their environmental
transition. Governments have a key role to
play in supporting green technology
dissemination and can influence the flow of
technology to their own countries [4]. The
introduction of «green» technologies in
logistics companies is a very complex task. In
developed countries, this issue is regularly
brought to the agenda, as people there
understand that the state should not stand
aside of these processes and silently watch,
but rather should perform the role of a
reliable regulator, supervisor and responsible
investor. In the same European Union
countries, the practice of stimulating logistics
companies through all possible grants,
various subsidies and tax incentives is quite
widespread. Talking about our country, it
should be noted that such a system is just
beginning its formation.

The logistics sphere is often not included
in state programmes on sustainable
development. This represents a very serious
drawback, as today many logistics companies
want to conduct «green» modernization but
do not do so due to a lack of access to

43-55
v.33 (2025)
https://smart-scm.org

appropriate long-term financing of their
projects or at least favourable credit offers.
Ignoring the issue of tax incentives for
companies  that implement  «green»
technologies does not add optimism either.
Lack of attention to this question from the
side of the state leads to the result when
companies have no motivation to switch to
ecological solutions, as they do not see
enough benefits in it. The «green» course
looks for them not as an opportunity to gain
competitive advantages, but on the contrary,
as an additional and very risky burden on
business. To overcome the above-mentioned
challenge, each country must ensure the
formation of an appropriate system of
incentives and limitations for logistics
companies, which will gradually and
quantitatively stimulate the adoption of
sustainable solutions in their activities. It is
necessary not only to create a complex policy
of supporting the development of «green»
logistics, but also to include it in the overall
strategy of the state’'s sustainable
development.

It is worth mentioning the significant
value of the challenge of building modern
infrastructure  for  alternative, «green»
solutions. The issue of creating reliable, high-
quality and safe infrastructure has always
been relevant, and today, at a time of urgent
need for the development of «green»
logistics, it is regularly discussed around the
world, as it represents one of the most critical
problems on the path to its widespread use.
The fully-fledged functioning of «green»
decisions in the logistics sphere directly
depends on the availability of modern
transport, technical and energy infrastructure.
The operation of all electric transport, «green»
logistics hubs, hydrogen technologies,
automated ecological warehouses and power
stations is simply impossible without the
creation of appropriate, high-quality
infrastructure.

In developed countries, especially in the
EU member states, much more attention has
been paid to this question in recent years.
Ukraine is also well aware of this problem, but
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here its solution is proceeding at a rather slow
pace. Even without mentioning advanced
«green» technologies, but taking into account
the banal charging stations for electric
transport, it is possible to understand how
serious this challenge is for our state.
Currently, their number is quite limited, and
their distribution across the territory is very
unequal. By region, they are usually installed
in small quantities and are unable to meet the
demand of large logistics operators, which
reduces the attractiveness of choosing
electric transport for long routes.
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On the other hand, despite the
complexity of the process of their distribution,
the trend in the development of this direction
remains positive and is gradually improving
with each new year. Large fuel retail chains
have a great influence on this issue today, as
they practically set the trend for the entire
market in terms of installing the relevant
electrical infrastructure, which can be seen in
Fig. 2.

il
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Figure 2 - OKKO has launched a network of fast electric charging stations
Source: https://www.okko.ua/okko-masshtabuye-servis-dlya-elektrokariv-na-osnovnih-avtoshlyahah-
vpershe-rozgornuto-merezhu-ultra-fast-chargers

Even more complex is the situation with
infrastructure for hydrogen logistics. Many
scientists and experts see hydrogen as a
promising fuel of the future, which has a wide
range of advantages over traditional fuels.
Despite our country's enormous potential in
this area and the interest of foreign investors,
it must be acknowledged that this sector is
currently practically unexplored in Ukraine,
not only in terms of full-fledged hydrogen
filling stations, but also in terms of hydrogen
production, distribution and storage systems.
It is possible to realise our potential in this
area with the help of European Union
countries, which are directly interested in the
development of this sector and are ready not

only to share their experience and
technologies with us, but also to invest
significant financial resources in relevant
projects. Such a successful example of
cooperation is the signing by Ukraine in 2023
of an agreement to join the European Union's
Single Market Programme. On this day, a very
promising Memorandum of understanding
between the European Union and Ukraine on
a Strategic Partnership on Biomethane,
Hydrogen and other Synthetic Gases was
signed at this meeting.

Similarly, regular warehouses are also
poorly developed in terms of ecological
standards. In fact, in most cases, they are not
equipped with solar panels, modern energy-
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saving systems or recuperation systems, and
zero-emission construction is currently very
rare. Success in overcoming this challenge
can only be achieved through private
investments and government support. If the
question of improving logistics infrastructure
is not included in the ecological strategy for
regional development, any discussion about
potential solutions to this problem will remain
only theoretical, and will not be implemented
in practice.

A unique challenge on the path to
implementing «green» technologies is also
the need to renew the transport fleet and
warehouse facilities of logistics companies.
Today, their complex modernisation is a key
requirement for the development of «green»
logistics. This process is not quick, but rather
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step-by-step and long-term. In order to
achieve success in this area, a clear ecological
policy must be formulated, both at the state
and industry programmes level, as well as on
a corporate scale. Nowadays, a significant
percentage of logistics vehicles are simply
outdated and do not meet modern «green»
standards. This primarily concerns the issue of
their low energy efficiency, high noise levels
and harmful emissions. Such companies as
Amazon clearly understand this challenge
and, having significant resources and financial
support, are already working on renewing
their logistics fleet of vehicles with more
environmentally friendly models, which is
perfectly illustrated in Fig. 3.

Figure 3 - Amazon's growing lineup of electric vehicles
Source: https.//www.aboutamazon.com/news/sustainability/amazon-electric-vehicles-vans-trucks-bikes

The situation is no better when it comes
to current warehouse facilities. A large share
of them are outdated, poorly equipped,
energy inefficient, and unable to perform
transportation, sorting, processing, and
storage operations in accordance with
modern standards. A total replacement of

such a logistics fleet of vehicles or a high-
quality modernisation of warehouses requires
enormous financial contributions and
investments. In most cases, such large-scale
initiatives can be brought to life only by the
largest market players, such as UPS, DHL or
FedEx, which can be seen in Fig. 4.
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Figure 4 — FedEx Ship Center in Washington, D.C.
Source: https://newsroom.fedex.com/newsroom/global-english/communitysolarinstallation

For small and medium-sized businesses,
which are quite limited in terms of economic
opportunities and available resources, such
large-scale changes are simply an extremely
difficult task. The high cost of modern «green»
technologies, weak government support, and
economic  instability leave logistics
companies with no choice but to continue
using outdated equipment and solutions
until the end of their service life, which
undoubtedly has a negative impact on the
environment. The need for regular
maintenance of modern  eco-friendly
equipment and the search for highly
professional personnel to work with «green»
technologies does not add optimism either.
For this reason, the question of renewing the
transport fleet and warehouses still remains
so relevant.

An additional challenge to the previously
outlined problem is the integration of «green»
technologies into the established logistics
activities of companies. The process of
improving traditional procedures is quite
complex. The very fact that logistics
companies purchase «green» technologies is
not enough to reduce their environmental
impact. The final result always depends on the
quality of implementation of «green»
technologies into the system of established
business processes and the effective use of

these technologies in the future. More simple
solutions in the sphere of «green» logistics
really require replacement of only some
separate elements, such as packaging or
transport, but more complex «green»
modernisation may demand change of the
entire operational model of a logistics
company. First and foremost, this concerns
changes to the system of developed routes,
training and preparation of environmentally
conscious employees, the use of new
software, modernisation of warehouses, and
changes to business relationships with
customers, partners and even suppliers. In a
world of global competition, for many
companies, conducting such modernisation
represents considerable stress and risk, as this
process may be accompanied by a temporary
loss of productivity, disruption of logistics
processes and a decline in service quality. In
our time, this question is quite delicate, since
even small declines in efficiency can lead to
the loss of clients and a negative impact on
the company's image in the market. Based on
the above-mentioned moments, it can be
emphasised that the complexity of
implementing «green» technologies in
logistics  systems scares even those
companies that well understand the
importance of a «green» course. This
challenge can be resolved through well-
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planned, step-by-step introduction of
innovations, using flexible methods of
adaptation.

An important challenge that is often left
unspoken is the poor ecological awareness of
logistics companies. This problem cannot be
equated with the technical difficulties
mentioned above, but it is still worth paying
attention to, as it has a key role in the process
of «green» logistics development. Currently,
the level of environmental awareness among
employees of logistics companies around the
world is really low. Their unwillingness to
accept new, sustainable approaches and lack
of eco-thinking leads to inaction, which is a
huge barrier on the way to «green»
modernisation in logistics. A great number of
people still refuse to understand sustainable
development as a strategic step into the
future that can provide them with enormous
number of advantages in the market. They are
guided by clear commercial concepts and
understand environmental friendliness as an
empty bottomless pit, investing in which their
time, funds and resources will not bring them
adequate feedback. If a person with such a
worldview is a manager in a company, this
poses a serious threat to the sustainable
development of the business, as this
individual will simply look for quick ways to
make a profit and refuse to consider practical
cases where «green» technologies can lead to
cost savings through improved routing
systems, energy efficiency, waste reduction,
etc. This is a negative moment, as logistics
companies will in fact focus on operational
response to emerging challenges and will not
give any priority to «green» projects.

Similarly, this problem is equally
challenging in the case of a workforce that is
simply inexperienced in this regard.
Unfortunately, today, the educational sphere
does not pay enough attention to explaining
the importance of preserving the
environment. This leads to a situation where,
without having undergone appropriate
training and gained invaluable knowledge in
this area, employees may neglect the goals
and objectives of sustainable initiatives when
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logistics companies begin to implement
them. This complex problem can be solved
through the gradual improvement of people's
environmental awareness. The best way to
achieve this is to implement a «green»
logistics course in professional education,
conduct all possible awareness-raising
activities, and create corporate courses for
employees. Thus, improving environmental
awareness and culture remains a critical task
necessary for the development of «green»
technologies in logistics.

No less significant difficulty, which today
is closely linked to the previous challenge, is
weak pressure from clients. This problem is
quite complex and practically stems from a
combination of several previously explained
challenges that stand on the way to the
implementation of «green» technologies in
the logistics sphere. We live in an era of
globalization, and although the level of
citizens' environmental awareness continues
to grow, it must be acknowledged that this is
still happening at a slow pace. In this case, for
many people, the priority criteria when
choosing products or relevant services are still
their price, quality, and speed of delivery, with
environmental friendliness coming only after
that.

In the context of slowly growing demand
for «green» services, logistics companies are
in no hurry to enter a completely new area for
themselves by implementing environmental
initiatives, as they believe that this entails
additional costs and risks for them. The lack of
noticeable pressure from clients turns the
goal of «green» modernization of logistics
into a voluntary process. This leads to logistics
companies continuing to use familiar
technologies and operating models, which in
their opinion are simpler, cheaper, and more
understandable, even if they have a greater
ecological impact on the environment. Not all
citizens are aware of the advantages of
«green» logistics, and certainly not all are
willing to pay for it. This collective behavior
does not provide many companies with
additional motivation for sustainable
development and the introduction of relevant
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«green» innovations. To solve this problem, it
is necessary to combine the efforts of the
state, all possible business associations, and
public organizations with the aim of
improving citizens’ environmental awareness
and supporting a culture of ecological
responsibility.

The last but not least important challenge
that should be mentioned in this article is
global instability, geopolitical conflicts, and
crises. This factor is especially relevant and
painful for our country. Our world is super
interconnected, and sometimes even the
smallest changes, which at first glance may
seem irrelevant, can ultimately cause serious
consequences. Today, there is a wide range of
instabilities that can affect the development
of the entire «green» logistics sector.
Disruptions in supply chains, economic crises,
fluctuations in demand, wars, and dramatic
changes in fuel prices are examples of serious
problems, faced with which logistics
companies prioritize the survival of their
business and its uninterrupted functionality.
In such cases, they first and foremost think
about the present, high-quality adaptation to
difficulties, how to ensure the safety of
employees, and how to optimize the route
network, while strategic  sustainable
development remains in the background, as a
long-term plan. Even during such crisis
periods, it is very important to find a
successful balance between countering short-
term changes and executing long-term
environmental policies, as constant
postponement or even complete avoidance
of this issue may result in businesses falling
behind their competitors and incurring
serious losses in the future.

Since 2022, Ukraine has been living in the
new reality of full-scale military actions.
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Working in conditions of martial law, constant
shelling, and when part of the infrastructure is
simply destroyed or temporarily non-
functional, talks about «green» prospects and
projects are in most cases left out of focus and
postponed for later. And this is not surprising,
since national safety must remain a top
priority for the country during such difficult
times. Currently, all Ukrainian enterprises and
companies, including logistics ones, are
concerned with questions of personal survival
during this tough crisis period, maintaining
their own operational functionality, resolving
existing difficulties, and adapting to wartime
threats, which is clearly demonstrated in
Fig. 5.

At present, war is inextricably linked to
the economy. Implementation of various
measures to reduce risks requires sufficient
costs [5]. The start of active combat actions
led to major market shocks, which resulted in
rising prices, declining production, inflation,
reduced demand, higher fuel prices, and the
mobilization of state and community
resources for defense. All these reasonable
points stand as a wall in the way of
implementing «green» technologies and
environmental solutions. The «green»
transition is usually carried out in stable
conditions, when companies not only have
the appropriate resources and financial
support, but can also clearly predict their
future condition for the coming years. This
complicates the current situation in this
direction in our country. The development of
the transport complex under martial law is a
very important task for supporting the
country's economy [6].
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Figure 5 — Russian missile attack on postal centre in Kharkiv
Source: https://news.sky.com/story/six-killed-in-russian-missile-attack-on-postal-distribution-centre-in-
kharkiv-says-ukraine-12989826

Taking all of the above into account, it can
be emphasized that today, more than ever
before, it is important to continue studying
the challenges that stand on the way of
implementing «green» technologies in the
logistics sphere, creating modern conditions
for the development of «green» logistics, and
seeking new possible sources of support for
its improvement.

Conclusions. Having conducted an in-
depth analysis of the key challenges that
stand on the way of implementing «green»
technologies in the logistics sphere in this
article, it can be highlighted that this process
is quite complex in our time. Having studied
this questionin full, it is important to note that
the development of «green» logistics requires
not only the renewal of the technical and
technological components of companies, but
also the introduction of modern reforms and
systemic changes in traditional practices of
strategic  forecasting, state regulation,
financing, investment, and the development

of environmental awareness of citizens.
Having studied a wide range of difficulties
that hinder the implementation of «green»
technologies in logistics, it is possible to
highlight a list of the main challenges, among
which are high initial costs and the need for
significant investments, the lack of a detailed
regulatory and legislative framework, the lack
of unified, legally defined standards for the
environmental friendliness of logistics
operations, the lack of state support for
logistics companies and a poorly thought-out
system of incentives for them in terms of
ecological transition, the need to build
modern infrastructure for alternative, «green»
solutions, the complexity of integrating
«green» technologies into the established
logistics activities of companies, the need to
renew the transport fleet and warehouse
facilities of logistics companies, poor
environmental awareness of logistics
companies, weak pressure from clients, as
well as global instability, geopolitical
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conflicts, and crises. Research has shown that
all of the above-mentioned challenges are
relevant to our country and are currently
greatly complicated by wartime conditions. In
order to solve them step by step, it is
necessary to achieve active cooperation
between the state, business, and society. The
development of «green» logistics s
undoubtedly a complex but already
inevitable process. The survival of humanity
and the preservation of our planet depend on
the success of this sustainable transformation.
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Even in such a difficult situation, we must not
forget about «green» logistics and realize its
potential, at least in the long term. The
gradual resolution of the difficulties
mentioned in the article will lead to the
formation of a productive, environmentally
friendly, energy-efficient, competitive, and
safe logistics sphere that meets «green»
standards. That is why it is so important to
continue to research, analyze, and study this
fateful question.
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traditional methods for capital investments, Agile for IT and process-oriented initiatives, and hybrid models for
complex logistics projects. The study outlines key implementation tools, methodological competency
requirements for teams, and typical challenges such as methodological chaos, increased administrative burden,
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organizational culture impacts, and integration of digital technologies (Al, loT, blockchain) into hybrid
management systems.

Keywords: hybrid methodologies, project management, logistics, Agile, traditional approaches,
integrated management, adaptability, plan-driven models, project efficiency

Jlapuca lljexoecbka. «[i6pudHi memodosnoeii ynpaeniHHA npoekmamu 8 nozicmuyi». Y cmammi
0oClioKeHO meopemuyHi ma NpakmMuyHi 3acadu 3acmocCyB8aHHSA 2iOpUOHUX Memo0os102ill ynpasniHHA
NpoeEKMamu 8 Jsio2icmuui, Wo NOEOHyOMb esieMeHmu mpaouyitiHux (NJ1aHO80-0PIEHMOBAHUX) | 2HyuYKUX
(Agile) nioxodie. BusHaueHo akmyasbHicme npobremu y 38'A3Ky 3 nompeboto hidnpuemcmes weuoKo
adanmysamucs 00 MiHAUBUX YMO8 PUHKY, 800Ho4YdAC 36epizaioyu cmabineHicms onepayiliHux npouecis i
8i0N0BIOHICMb pe2ynamopHUM 8umozam. [IpoaHaniz3o8aHo cy4acHi HAaykosi OOC/TIOXeHHSA, npucesqeHi
kacmomizauii 2ibpudHUX mMemooonoeili ma ix epekmusHOCMi 8 ynpassiiHHi CKNAOHUMU NPOEKMAMU.
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BuseneHo OCHOBHI xapakmepucmuku J102iCMUYHUX NPOEKMI8, W0 enausdrome Ha eubip nidxody 0o
ynpasniHHaA, 30Kkpema (hi3udHi 0bMexeHHs, peynamopHy obmsxeHicmo i 3anexHicmob 8i0 napmHepis.
3anponoHosa+Ho mpu 6a3osi modesni 2ibpudHo20 ynpassiHHA — pa3osy, pyHKUiOHAIbHY md iHMe2po8aHy, AKi
3a6e3neuyrome 6anaHc mix nepedbadysaHicmio i eHyukicmio. O6rpyHmMosaHo OOYinbHICMb 30HY8AHHA
3dCmMocy8aHHA Memo0os1oeili 3anexHO 8i0 muny Npoekmy: mpaduuyitiHux — 018 KanimanbHux iHeecmuyid,
Agile — 0na IT- i npouecHo-opieHMo8BaHuUX 3a0ay, 2i6pUOHUX — 019 KOMNJIEKCHUX JI02ICMUYHUX iHiyiamus.
Po32naHymo kno4yosi iHCmpymeHmu 8npog8adKeHHs 2ibpudHo20 nidxody, sumozu 00 Memodosi02iYHOI
KOMNemeHmMHOCMi KOMAHOU, d mMAKOX munosi pu3uKku, Nos8’A3aHi 3 Memo0osI02iYHUM XAOCOM,
aomiHicmpamusHuMu 8umMpamamu  ma HedoCMAMHbLOK KOOpOUHAYi€n. 3pobsieHO BUCHOBOK Npo
nomeryian 2ibpudHux memodosoeili y nidsuWeHHi egeKmuBHOCMI J102iCMUYHUX NPOEKMIe 3asosaKu
2HYYKOMY NOEOHAHHIO CMpameziyHo20 NJAaHy8aHHA ma adanmueHo20 ynpassiHHA. BusHayeHo Hanpamu
nodasibliux 00CIOKeHb — eMNipUYHY OUIHKY e¢heKmusHOCMI pi3HUX MoOesiell y pi3HUX Ce2MeHmax J102icmuku,
8nJ1u8 Op2aHi3ayitiHol Kylemypu ma iHmezpayito yugposux mexHosozill y 2ibpudHi cucmemu ynpasniHHA.
Knioyoei cnoea: ribpvgHi metoponorii, ynpaBniHHA NpPOEKTamu, norictuka, Agile, TpaguuinHi
nigxoau, iHTerpoBaHe ynpasfiHHA, afanTUBHICTb, NTAHOBO-OPIEHTOBAHI Moeni, eGeKTUBHICTb MPOEKTIB.

Introduction. Modern logistics is under
constant pressure from dynamic changes
driven by growing customer expectations, e-
commerce development, and the need to
improve process efficiency. Among the main
challenges faced by enterprises are cost
management, optimization of transportation
flows, delivery speed, and adaptation to
environmental and regulatory requirements.
These factors require not only stability and
predictability in management, but also
flexibility and the ability to respond quickly to
changes in the external environment.

The choice of an effective project
management methodology is crucial for
project success. In the constantly changing
landscape of project management, hybrid
approaches are gaining increasing popularity.
This is primarily due to their unique ability to
combine adaptability and predictability by
integrating plan-driven project management
methods with agile methods. However, to
fully benefit from hybrid methodologies,
managers face several difficulties in selection,
design, and implementation.

Traditional project management
methodologies, built on phased planning,
provide structure and control, but they often
do not match the pace of modern logistics
transformations. In contrast, Agile
methodologies, which emphasize flexibility,

interaction, and rapid iterations, demonstrate
limited effectiveness in large and complex
logistics projects, where clear deadlines,
budgets, and integration with regulated
processes remain key. As a result, a
contradiction arises: traditional approaches
are too rigid, and Agile is overly dynamic,
which complicates their direct application in
the logistics context.

Hybrid project management models seek
to integrate two opposing worldviews
originating from agile and plan-oriented
approaches, with conflicting
recommendations regarding planning, team
structure, management style, and
coordination. For example, agile approaches
emphasize flexibility and iterative
development, while plan-oriented
approaches prioritize detailed planning and
structured phases. The choice of one type of
methodology over another will largely
influence the project trajectory.

The growing interest in  hybrid
methodologies is explained by the desire to
integrate the strengths of both management
systems. Research shows that project
managers are increasingly  adapting
methodologies to the specifics of the project,
combining plan-oriented elements with agile
approaches. This allows for both stability and
predictability of processes, as well as rapid
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response to unforeseen changes, which is
especially important for logistics. Thus, the
relevance of studying hybrid project
management methodologies in logistics is
driven by the need to find an optimal balance
between stability and flexibility, which
becomes a key factor in enterprise
competitiveness.

Analysis of recent research and
publications. The problem of hybrid project
management has been actively studied by the
international scientific community in recent
years. Fundamental works in this area are
represented by systematic literature reviews
that  demonstrate both theoretical
foundations and practical aspects of
implementing hybrid methodologies.

The research by Reiff and Schlegel

provides a comprehensive systematic
literature review on hybrid project
management, emphasizing the limited

comprehensive  understanding of the
practical implementation of this approach.
Silva, Costa, and Rodrigues in their research
focus on customization of hybrid project
management methodologies.

Common project management
methodologies include plan-oriented
methodology (e.g., PMBOK and PRINCE2) and
agile methodology (e.g., Scrum and Kanban),
both offering a range of effective methods
and techniques.

Literature analysis indicates growing
attention to hybrid methodologies from both
the academic community and practitioners.
However, the specifics of applying hybrid
approaches specifically in the logistics sector
remain insufficiently  studied,  which
necessitates further research in this direction.

Research purpose and objectives. The
purpose of the research is to systematize the
theoretical and practical aspects of applying
hybrid project management methodologies
in the logistics sector and to determine
optimal models for their implementation,
considering the specifics of logistics
operations.

To achieve this goal, the following
objectives have been defined: to analyze the
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specific characteristics of logistics projects
that influence the choice of management
methodology and to systematize existing
hybrid project management models and
determine their applicability in the logistics
context.

Basic material and results. Logistics
projects have a number of characteristic
features that significantly influence the choice
of approaches to their management. First,
physical  constraints and  hardware-
infrastructure factors (warehouse facilities,
vehicles, sorting equipment, and loading-
unloading operations) define strict
frameworks for project implementation:
launch deadlines, technical parameters, and
safety requirements often do not allow for
frequent and extensive iterations without
significant financial or operational losses.
These features emphasize the need for careful
preliminary planning and resource provision,
which are strengths of traditional (plan-
oriented) methodologies [5].

Second, logistics projects operate within
the field of numerous regulatory and legal
requirements: sanitary norms, customs rules,
environmental restrictions, and safety
standards affect the sequence of work and
documentation requirements. The need for
documented procedures and compliance
with regulatory criteria makes classical
approaches attractive for parts of the project
stages, where deviation from approved
procedures may result in legal or financial
sanctions.

Third, the degree of dependence on
external partners (suppliers, carriers, customs
brokers, 3PL operators) creates an additional
level of uncertainty and coordination. In such
conditions, flexibility in decision-making and
rapid communication between participants
become critical for successful adaptation to
supply chain disruptions or the emergence of
new customer requirements. Here the
advantages of Agile approaches manifest,
particularly  short iterations, constant
feedback, and the ability to quickly adjust
plans [9].
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Based on this specificity, the criteria for
choosing between traditional and agile
approaches should be based on several
interrelated indicators: the scale and
complexity of logistics processes, the degree
of regulatory burden, the level of dependence
on external contractors, sensitivity to
deadlines and budget, as well as the team's
readiness for frequent communications and
changes. Thus, for large infrastructure
projects with high regulatory sensitivity and
low possibility of incremental changes, a
structure with pronounced planning and
control phases is more appropriate;
simultaneously, modular or IT-oriented sub-
projects within the same initiative can be
effectively  implemented using Agile
principles [1].

Based on literature analysis and practical
experience, three main models of hybrid
project management used in logistics can be
identified:

Phase-based hybrid involves using
traditional methodologies at the planning
stage and Agile approaches at the execution
stage. This model is especially effective for
projects involving the construction of
logistics centers or the implementation of
complex equipment, where initial planning
requires detailed specification, budget
approval, and obtaining permits, while
execution requires flexibility to adapt to
unforeseen circumstances. The advantage of
this model is the ability to ensure cost and
time predictability at the initial stage while
maintaining the ability to respond quickly to
changes during implementation [4].

Functional hybrid is characterized by the
application of different methodologies for
different divisions or project components. For
example, the development of information
systems (WMS, TMS) can be carried out using
Agile methodology with short sprints and
constant testing, while physical infrastructure
(warehouse construction, conveyor
installation) is implemented using the
traditional waterfall approach. This model
allows optimizing the methodology for the
specifics of each component, but requires
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careful coordination between different work
streams [5].

Integrated hybrid involves combining
practices from different methodologies at the
process level. For example, a project can use
sprints from Agile together with fixed
milestones from traditional management.
This model provides the greatest flexibility
but is also the most complex to implement, as
it requires a deep understanding of both
methodologies and the ability to organically
integrate their elements.

The zoning of methodology application
in logistics should be pragmatic and context-
specific: traditional approaches are justified
for large capital investments, construction, or
equipment integration; Agile is appropriate
for optimization of operational processes,
development of IT tools, and last-mile
solutions; hybrid models are most
appropriate for complex projects where
physical and digital components are
combined and a balance between
predictability and adaptability is needed. This
approach ensures compatibility  of
procedures, regulatory compliance, and
simultaneous preservation of reactivity to
changes in market requirements [3].

Successful implementation of hybrid
methodologies in logistics requires both
appropriate tools and overcoming specific
challenges. Modern digital platforms for
project management should support multiple
methodologies, provide progress
visualization in various formats (Gantt charts,
Kanban boards, burndown charts), and
integrate  with logistics ERP  systems.
Coordination methods include regular
synchronization meetings between teams
working with different methodologies, a
unified reporting system, and clear definition
of interaction interfaces [10, 11].

Managing teams in a hybrid environment
presents a particular challenge. Forming
cross-functional teams capable of working
with different approaches requires not only
technical skills but also cultural changes.
Employees must be open to experimentation,
ready for continuous learning, and able to
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work in conditions of uncertainty. Cultural
changes include a transition from a
command-and-control management model
to a collaborative one, from a focus on
processes to a focus on results, from
individual responsibility to team
responsibility [7].

Among typical implementation mistakes
are: insufficient preparation of the team and
stakeholders, lack of clear justification for
choosing a hybrid approach, mechanistic
combination of practices without considering
context, underestimation of the complexity of
coordination between different
methodologies, and lack of flexibility in the
hybrid approach itself (the paradox of
inflexible hybridity). Ways to avoid these
mistakes include thorough assessment of
organizational readiness for change, pilot
implementation on a limited project,
investment in  team  training and
development, creation of a methodological
coach or coordinator role, and regular review
and adaptation of the chosen approach [6].

Conclusions. Research on hybrid project
management methodologies in logistics
demonstrates their significant potential for
resolving the contradiction between the need
for stability and the necessity for flexibility.
The main advantages of the hybrid approach
for logistics projects are the ability to combine
the predictability of traditional planning with
Agile adaptability, optimization of resource
use through the selection of the most
appropriate methods for each phase or
project component, increased customer
satisfaction through focus on their needs and
the ability to respond quickly to changes, and
improved team dynamics through employee
involvement in decision-making processes.

Key success factors for implementing
hybrid methodologies are clear
understanding of the specifics of the logistics
project and justified selection of the hybrid
management model, high level of
methodological competence of the project
manager and team, effective communication
and coordination between project
participants, support from senior
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management and readiness for
organizational changes, and availability of
appropriate tools and technologies to
support the hybrid approach.

For practitioners considering the
implementation of hybrid methodologies in

logistics projects, the following
recommendations can be formulated: start
with a thorough analysis of project

characteristics and organizational context
before choosing a specific model; invest in
training the team in the basics of both
methodologies (traditional and Agile) before
combining them; start with a pilot project to
test the chosen approach and train the
organization; ensure transparent
communication with all  stakeholders
regarding the features of the hybrid
approach; regularly review and adapt the
chosen approach based on experience
gained; create a community of practitioners
to share experience in implementing hybrid
methodologies.

However, research limitations should be
acknowledged. First, the complexity of hybrid
approaches can lead to "methodological
chaos" if there is no clear guidance and
coordination. Second, increased
administrative costs for documentation and
communication may negate some of the
advantages of increased flexibility. Third, the
success of the hybrid approach largely
depends on the project manager's
qualifications, which limits the scalability of
this solution.

Prospects for further research include
empirical study of the effectiveness of
different hybrid management models in
various logistics segments (warehouse
logistics, transport logistics, international
transportation), research on the impact of
organizational culture on the success of
hybrid approach implementation,
development of tools for automated support
in choosing and adapting methodology to a
specific project, and study of the integration
of new technologies (artificial intelligence,
blockchain, 1oT) with hybrid logistics project
management methodologies. Special
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attention should be paid to adapting of project management maturity in logistics
international experience to the Ukrainian companies.

context, considering the specifics of the
domestic business environment and the level

References

1. A3Logics. (2025). 9 key modern logistics challenges demystified in 2025. A3Logics Blog.
URL: https://www.a3logics.com/blog/modern-logistics-challenges

2. Azenha M. L., Reis J., Fleury A. (2021). Competences for agile project management in the
industry 4.0 environment. International Journal of Managing Projects in Business, 14(2), 410-433.

3. Heumann J. (2022). The role of the project manager in hybrid project management.
International Journal of Information Systems and Project Management, 10(2), 45-68.

4. Joslin R., Miller R. (2015). Relationships between a project management methodology
and project success in different project governance contexts. International Journal of Project
Management, 33(6), 1377-1392.

5. Papadakis E., Tsironis L. (2018). A hybrid project management model for new product
development projects. International Journal of Management and Applied Research, 5(2), 88-104.

6. Reiff D., Schlegel M. (2022). Hybrid project management — A systematic literature review.
International Journal of Information Systems and Project Management, 10(3), 45-65.

7. Silva M., Costa R., Rodrigues A. (2024). Customising hybrid project management
methodologies. Production Planning & Control, 35(9), 765-778.

8. TruckSuvidha. (2025). Essential challenges in transportation and logistics today.
TruckSuvidha  Blog.  URL:  https://blog.trucksuvidha.com/2025/01/essential-challenges-
transportation-logistics-today

9.Vila Grau A., Capuz Rizo S. F. (2022). Hybrid project management: Combining predictive
and adaptive tools. Journal of Modern Project Management, 9(3), 168-185.

10. Vinekar V., Huntley C. (2010). The role of the hybrid project manager. PM World Today,
12(6), 1-12.

11. Zwikael O., Chih Y. Y., Meredith J. R. (2022). Project benefit management: Setting
effective target benefits. International Journal of Project Management, 36(4), 650-658.



The electronic scientifically and practical journal 62-75
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.33 (2025)
ISSN 2708-3195 https://smart-scm.org

DOI: https://doi.org/10.46783/smart-scm/2025-33-5

UDC 656.7:004.738
JEL Classification: R4; R40; R41.
Received: 12 September 2025

Grytsenko S.l. Doctor of Economics, Professor, Professor of Logistics Department State
University «Kyiv Aviation Institute» (Ukraine)

ORCID - 0000-0002-3322-3986
Researcher ID - N-4298-2018

Scopus author id: - 57783729900
E-Mail: sergiy.gritsenko(@gmail.com

Honcharuk A.M. Master's degree applicant of State University «Kyiv Aviation Institute»
(Ukraine)

ORCID - 0009-0007-4540-1755
Researcher ID -

Scopus author id: -

E-Mail: vrnr.asia@gmail.com

ANALYTICS IN CONSOLIDATED CARGO TRANSPORTATION

Sergiy Grytsenko, Anastasiia Honcharuk. «Analytics in consolidated cargo transportation». The
article discusses the role of analytics in the sphere of less-than-container load (LCL) transportation as a key tool
for optimizing logistics processes and improving operational efficiency. It examines the specific features and
challenges of LCL shipments, including cost distribution, consolidation strategies, and shipment tracking. The
article analyzes how data-driven approaches can enhance decision-making in logistics management,
particularly in the context of fragmented supply chains and increasing customer demands. It outlines the main
objectives of transportation analytics, assesses the impact of digital technologies and data platforms, and
presents methodologies for evaluating performance indicators. Key areas of logistics analytics are highlighted,
including route optimization, cargo consolidation efficiency, and predictive analysis in shipment scheduling.
The necessary tools for implementing analytical solutions in LCL transportation are also presented, with
emphasis on business intelligence systems, real-time tracking technologies, and forecasting models.

Keywords: LCL transportation; logistics analytics; cargo consolidation; route optimization; freight
efficiency; supply chain visibility; shipment tracking; predictive analytics; transportation costs; digital
logistics; delivery scheduling; data-driven decision making

Cepaili lpuyeHko, AHacmacia [loHuyapyk. «AHanimuka y cehepi 36ipHUX KOHMeliHepHUX
nepeseseHb». Y cmammi po32as0dembCs posib aHANIMuKuU y cghepi 36ipHUX KoHmeliHepHUX nepese3eHs (LCL)
AK K/II0Y0B020 [HCMpPYyMeHmy onmumisayii n02icmuyHUX npouecie ma nidsuweHHs onepayiiHoi
eekmusHocmi. Buceimnroomsca ocobusocmi ma sukauku, npumamaxHi LCL-nepegeseHHAM, 30Kpema
po3nodin sumpam, cmpamezii KoHconioauii eaHmaxise i giocmexeHHa docmasok. [poaHanizoeaHo, Ak
nioxo0u Ha 0CHO8i BAaHUX CNPUAIOMb NOKPAWEHHIO NPUUHAMMSA ynpassiHCbKUX pitieHs y cgepi no2icmuku,
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0c06/1u80 8 yMOBAX (hpazMeHMOBAHUX JIAHYI02i8 NOCMAYAaHHA Md 3pOCMaroyux sumoe KnieHmis. OkpecsieHo
OCHOBHI 3a80AHHA MPAHCNOPMHOI AHANIMUKU, OYiHEHO 8n1U8 Yugposux mexHos02ili i nnamgopm o6pobku
0aHUX, a MAkoXx npedcmassieHo MemoOUKU aHAsI3y KI0Y0BUX NOKA3HUKI8 ehekmusHocmi. BuokpemneHo
OCHOBHI HANPAMKU J102iCMUYHOI aHANIMUKU, BKAYaryu onmumisayilo mapuwpymis, egekmusHicme
KoHconidauyii eaHMaxkie ma npozHO3y8aHHA epdgikie 0ocmasok. Takox npedcmasseHo HeobXiOHI
iHcmpymeHmMu 0514 8npo8AOGXKEHHA AHANIMUYHUX piueHb y ciepi LCL-nepese3eHsb i3 akyeHmMom Ha cucmemu
6i3Hec-aHanimuKu, mexHos1o02ii 8iocmexeHHs 8 peasabHOMy 4aci ma NPo2HOCMUYHI MOOert.

Kniouoei cnoea: 36ipHi nepeseseHHA (LCL); noricTmyHa aHaniTMka; KOHconigauisi BaHTaXiB;
onTuMi3auisa MapwpyTiB; edeKTUBHICTb MepeBe3eHb; MPO30PICTb NaHLUora MocTayaHHA; BiACTEXeHHA
BaHTaXiB; NPOrHO3Ha aHaniTUKa; BapTiCTb TPAHCNOPTYBaHHSA; LMdPOBa NOricTMKa; NaHyBaHHA OOCTaBKY;

NPUNHATTS PilleHb Ha OCHOBI AaHUX.

Introduction. In the context of economic
globalization and the expansion of
international trade, the efficiency of logistics
processes is increasingly recognized as a key
factor in the competitiveness of enterprises.
The transportation of goods that do not fill a
container completely (hereinafter referred to
as LCL) occupies a special place in modern
supply chains, contributing to the
optimization of costs for small and medium-
sized consignments. However, this segment
of logistics is characterized by increased
complexity, requiring the consolidation of
cargo from multiple shippers, complex cost
allocation methods, and coordination of the
actions of multiple stakeholders involved in
the process. The fragmentation of supply
chains, combined with increasing customer
demands for faster service, transparency, and
delivery  accuracy, creates significant
challenges for logistics operators. The
importance of the topic under study is
underscored by the fact that traditional
methods of managing LCL shipments have
become insufficient to ensure the necessary
level of efficiency, creating an urgent need to
implement innovative tools based on data
analysis.

A review of the literature shows that
researchers are genuinely interested in
optimizing logistics systems. Classic works on
supply chain management laid the
foundations for modeling transport flows and
optimizing routes. In recent decades, the
focus of research has shifted toward digital

technologies. Works devoted to the Internet
of Things (loT), artificial intelligence (Al), and
big data reveal their potential for real-time
cargo monitoring, demand forecasting, and
decision-making automation. Areas such as
predictive analytics for delivery planning,
consolidation optimization using machine
learning algorithms, and the use of business
intelligence (Bl) systems to visualize key
performance indicators (KPIs) are being
actively explored in the context of general
freight transportation.

However, the degree of research on this
issue in the LCL transportation segment
remains insufficient. Most existing works
either consider logistics analytics in general or
focus on full container load (hereinafter FCL)
transportation, where operational models are
more standardized. Issues related to
consolidated cargo, in particular dynamic
pricing, container filling optimization taking
into account the heterogeneity of goods, and
last-mile coordination, require more in-depth
analysis.

There is a gap between general
theoretical models and their practical
application to the unique challenges of LCL
logistics. This article aims to provide a
comprehensive analysis of the role and
potential of analytics in groupage freight
management, systematize existing
approaches, and offer a holistic view of the
methodology for implementing analytical
solutions to improve operational efficiency in
this sector.
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However, the level of research on this
issue in the LCL transportation segment
remains insufficient. Most existing works
either consider logistics analytics in general or
focus on full container load (FCL)
transportation, where operational models are
more standardized. Issues related to
consolidated cargo, in particular dynamic
pricing, container filling optimization taking
into account the heterogeneity of goods, and
last-mile coordination, require more in-depth
analysis. There is a gap between general
theoretical models and their practical
application to the unique challenges of LCL
logistics. This article aims to provide a
comprehensive analysis of the role and
potential of analytics in groupage freight
management, systematize existing
approaches, and offer a holistic view of the
methodology for implementing analytical
solutions to improve operational efficiency in
this sector.

Research objectives and tasks. The
purpose of the study is to conduct a
comprehensive analysis of the role and tools
of analytics as a key factor in improving
operational efficiency and optimizing
logistics processes in the transportation of
small consignments (LCL).

To achieve this goal, the following tasks
have been set:

1. Analyze the characteristics and main
challenges of organizing LCL transportation,
in particular the issues of consolidation, cost
allocation, and tracking in fragmented supply
chains.

2. Identify the main objectives and areas
of application of transport analytics to solve
identified problems and strengthen the
competitive  advantages of logistics
operators.

3. Systematize key applications of
analytical methods, such as route
optimization, improving cargo consolidation
efficiency, and predictive analysis in delivery
planning.

4.Outline the necessary technologies and
tools for implementing analytical solutions,
including business intelligence (Bl) systems,
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real-time monitoring technologies, and
forecasting models.

5. Propose approaches for assessing the
effectiveness and impact of analytics
implementation on key performance
indicators (KPIs) in LCL transportation.

Main material and results. Less than
container load (LCL) shipping is a key element
of modern global logistics, offering significant
benefits for businesses, especially small and
medium-sized  enterprises. The main
advantage is cost efficiency. Instead of renting
an entire container (FCL), the cost of which is
fixed regardless of how full it is, the shipper
only pays for the volume or weight of their
cargo. This significantly lowers the barrier to
entry into international markets. The second
important advantage is flexibility in inventory
management. Companies can ship smaller
batches of goods more frequently, allowing
them to maintain optimal inventory levels,
avoid tying up working capital in large
batches of goods, and respond more quickly
to changes in demand. However, flexibility
and cost savings come with significant
operational challenges that make LCL
logistics much more complex than FCL.

The central problem is the complexity of
consolidation. It is a real logistical puzzle,
where dozens of shipments from different
shippers, with different properties and
destinations, need to be coordinated in a
single container. Any delay on the part of one
customer can disrupt shipments for everyone
else.

The second problem is the opaque
distribution of costs. The total costs of freight,
terminal charges, and customs clearance are
distributed among all participants, and the
methodology for this distribution is not
always clear to the customer.

The third critical issue is the lack of
comprehensive tracking. Cargo goes through
many stages (consolidation warehouse, port,
transshipment, deconsolidation warehouse),
and each stage is often handled by different
contractors. This creates “bottlenecks” in the
supply chain, where it becomes almost
impossible to obtain accurate information
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about the status and location of cargo in real
time.

Table 1 lists the main challenges facing
logisticians and their assessment according to
key parameters. The priority coefficient is
calculated as the arithmetic mean of three
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indicators (Frequency + Speed + Complexity)
/ 3, which allows you to identify the most
important issues that require priority
attention and the implementation of
analytical solutions.

Table 1. LCL transportation challenges with priority coefficient calculation

Challenge / Problem Frt:?ﬂ%r;cy (S1p:§)cf CO(T_ﬂIg;:ity Priority

Delays during cargo consolidation 9 8 7 8.0
Lack of complete transparency 9 9 9 9.0
Opaque and complex distribution of common costs 8 7 8 77
Customs delays due to problems with one of the cargoes 7 9 6 73
Difficult communication between chain participants 9 6 7 73
Errors in accompanying documentation 8 6 7 7.0
Risk of damage or loss of part of the cargo during

transshipment 6 8 6 6.7

Source: author's own work

The analysis of problems presented in
Table 1 reveals several interrelated groups of
issues that hinder the efficiency of LCL
transportation. The most critical problem is
information chaos, which combines a lack of
end-to-end tracking, communication
difficulties, and documentation errors. This
creates an atmosphere of complete
uncertainty for both the logistics provider and
the customer.

The key solution to this problem is the
implementation of a unified digital platform
that would integrate data from all participants
in the supply chain. Using real-time analytics
and loT sensors on cargo, such a system can
provide objective data on the location and
condition of cargo, becoming a single source
of reliable information for all parties and
minimizing the risks associated with human
error.

Analytics is not just an add-on, but the
main driver of such a digital platform. It
transforms raw data into a decision-making
tool. Here's how analytics solves the problem
of information chaos and what tools are used
to do so.

Analytics in a unified digital platform
works on three key levels to eliminate
uncertainty. They are described in Table 2.

The next issue is operational inefficiency,
the main cause of which is delays at the
consolidation stage. This common problem
disrupts schedules and has a cascading effect
on the entire supply chain. To solve it, it is
necessary to move from reactive to proactive
management using predictive analytics and
optimization models. Historical data analysis
allows machine learning models to predict
likely delays and build the necessary time
buffers into the schedule. At the same time,
special algorithms can calculate the most
optimal container loading and cargo
grouping schemes in real time, taking into
account their parameters and urgency.

Traditionally,  logistics has  been
predominantly reactive. A problem arises—a
supplier is late, cargo is delayed at customs,
the port is overloaded—and the logistician
reacts, hastily searching for a solution. This
approach is stressful, inefficient, and often
leads to chain delays and increased costs [10].
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Proactive, data-driven management is
changing this situation. It uses technology to
anticipate problems and make adjustments
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models are crucial. Predictive analytics acts as
an early warning system. It analyzes vast
amounts of historical and real-time data to

before they affect the supply chain. This is predict future outcomes and identify
where predictive analytics and optimization potential risks.
Table 2. Key levels for eliminating uncertainty
Example of a

Problem Analytical tool

How it works system/platform

TRACKING

Lack of reliable and Analysis of loT

Collection and analysis of telemetry data
(location, temperature, impacts) to detect

Samsara [1],

comprehensive tracking sensor data anomalies in real time. FourKites [2]
Inaccurate and static Modeling of Algorithms analyze dozens of variables Projectd4 [3],
estimated time of arrival estimated time of | (weather, traffic jams, history) to calculate Descartes
(ETA) predictions arrival (ML) dynamic and accurate arrival times. MacroPoint™ [4]

COMMUNICATION

Integration of data from all sources into a
single information panel, providing a

of missing important events| Exception handling

Fragmented dataand | Business Intelligence | “single source of reliable information” for all Flexport [6],
inefficient communication (BI) platforms parties. Microsoft Power Bl [5]
The system automatically tracks deviations
Information overload, risk from the plan and sends notifications only | SAP Transportation

when real problems arise.

Management [7]

DOCUMENTATION

Optical character

Manual document recognition based on

human error (OCR)

Automatic reading, extraction, and
processing and high risk of | artificial intelligence | verification of data from documents (bills of
lading, invoices) to identify discrepancies.

Shipamax [8],
BlueX Trade [9]

Source: author's development based on [1-9]

Key data sources include:

— Historical  supplier
metrics (delivery timeliness).

— Real-time  port and
congestion levels.

— Weather forecasts for delivery routes.

— Traffic flows and road conditions.

— Seasonal demand fluctuations.

By processing this information, the
system can generate valuable insights. For
example, instead of simply waiting for a
shipment from a supplier, the model can flag
it as having an 85% probability of being
delayed by two days, based on the supplier's
past performance during the holiday season
and current port congestion. This warning
allows the logistics manager to act
proactively. Once predictive analytics

performance

terminal

identifies a potential problem, optimization
models kick in to recommend the best course
of action. These are complex algorithms that
can instantly evaluate millions of possible
scenarios to find the most effective solution
(Figure 1).

In the previous example, with a predicted
two-day delay, the optimization model could:

— Reroute the consolidation plan:
automatically  assess  whether  other
shipments can be rerouted in the same
container or whether it is better to delay the
container.

— Suggest alternative routes: suggest a
different shipping line or a combination of
land and air transport to meet the deadline.
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— Adjust resource allocation: reschedule
truck loading and warehouse slots to avoid
downtime,,
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Reactive and Proactive Approach
to Risk Management
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Management

Main Activity Type of Monitoring

Proactive

Figure 1 — Comparison of reactive and proactive approaches to management [11]

Previously, logistics operated on a
“firefighting” basis. Today, thanks to analytics,
it is transforming into an early warning
system. This has been made possible by
integrating data from previously isolated
sources: corporate ERP systems, loT sensors
on containers (which track not only
geolocation but also temperature and
shocks), APl services for real-time traffic
monitoring, and even weather forecasts. The
analytics platform combines this information
to create a single dynamic picture of the
entire supply chain.

The first tool is predictive analytics. It uses
machine learning (ML) models to analyze
historical data and identify hidden patterns.
For example, logistics giant DHL uses its
Resilience360 platform to analyze more than
50 million data sources to identify political,
natural, and infrastructure risks before they
affect cargo. This means that the system can
predict with high accuracy that there is a 75%
probability of a particular container being
delayed at the port of Singapore due to
seasonal congestion, allowing the logistics
provider to take proactive measures [12].

The second tool is optimization
algorithms. When the predictive model
signals a risk, the optimization system

answers the question: “What to do next?” It
instantly calculates thousands of possible
courses of action and suggests the best one.
This may not be just a change of route, but a
comprehensive recommendation: to redirect
part of the cargo to another flight, change the
loading order at the consolidation
warehouse, and automatically notify the
customer of the change in arrival time.

By combining these two tools, the
logistician no longer simply reacts to delays.
They are provided with a predicted problem
and a menu of optimal solutions based on
data. This transforms their role from crisis
manager to strategic planner, ensuring not
only the efficiency of the supply chain, but
also its resilience to disruptions.

The transition from reactive to proactive
management is not just a trend, but a
necessity for modern logistics companies.
Global supply chains have become extremely
complex and vulnerable. According to
McKinsey, companies could lose up to 45% of
their annual profits over a decade due to
sudden disruptions [13]. The traditional
model, in which a logistician manually tracks
shipments and resolves issues over the
phone, is no longer capable of coping with
such challenges. This is where transport
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analytics becomes a key factor in ensuring
resilience and efficiency.

The third group of challenges is related to
financial and external risks. Opaque cost
allocation undermines customer trust, and
customs delays are an uncontrollable external
factor that can halt an entire container due to
a problem with a single shipment. The
solution lies in process automation and
proactive data management. Implementing a
system that automatically allocates costs
based on clear parameters makes pricing
transparent [14]. At the same time, analytical
tools can automatically check the accuracy of
customs documents before shipment,
flagging potential risks and allowing errors to
be corrected in advance to minimize the
likelihood of delays at the border.

These risks, although different in nature,
share a common root cause: a lack of data

62-75
v.33 (2025)
https://smart-scm.org

transparency and an inability to anticipate
problems. Analytics addresses this root cause
by turning uncertainty into manageable
processes.

A). In-depth analysis of financial risks and
analytical solutions

Problem: Opaque cost allocation is not
just a matter of customer trust. It is a direct
path to financial and operational losses. When
customers do not understand what they are
paying for, lengthy disputes arise, payments
are delayed, and the logistics company
spends hours manually compiling and
justifying each invoice. Moreover, it prevents
the customer from calculating a key
indicator—the cost of delivery—which
complicates their own pricing and financial
planning.

The solution that can be proposed using
analytics is shown in Table 3.

Table 3. How analytics reduces financial risks in logistics

Analytical
application

Main tool/method

Function and operating principle

Practical example and
advantages

Dynamic pricing
and accurate cost
estimation

Dynamic pricing
models

Analyzes market conditions in real
time: route demand, container
capacity, competitor rates, and
seasonal data to determine the optimal
price that maximizes profit while
remaining competitive.

The customer enters shipment
details on the online portal and
receives an instant accurate price
quote. This speeds up the sales
process and increases the
conversion rate.

Complete cost
calculation including
delivery costs

Integration with
customs tariff and
tax databases

Automatically calculates not only the
cost of transportation, but also all
associated costs: insurance,
import/export duties (based on HS
code and destination), VAT, and last-
mile delivery costs.

The customer receives a full report
detailing all components of the final
product cost before shipment. This
is a high value-added service that
helps build trust.

Automated invoice
auditing

Invoice reconciliation
systems

Automatically compares each item on
the contractor's invoice with the
original quote and tracking system
data to identify discrepancies.

The system instantly flags incorrect
cargo weight or unreasonable fuel
surcharges from the carrier. This
allows the company to dispute
invoices and achieve significant
cost savings.

Source: author's own work

B). In-depth analysis of external risks and
analytical solutions

Problem: Customs delays are a classic
example of the domino effect. An error in one
shipper's documents leads to a thorough
inspection of the entire container. The result

is not just a loss of time. It is demurrage and
detention (paid storage of the container at
the port), which can cost thousands of dollars,
disruption of the customer's production plans
due to alack of components, empty shelvesin
stores, and damage to reputation. Analytics
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turns this “uncontrollable” risk into a

predictable one.
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The solution that can be proposed
using analytics is shown in Table 4.

Table 4. How analytics reduces external (customs) risks

Anallytlc.:al Main tool/method | Function and principle of operation| Practical example and advantages
application
Automated Al-based HS code |An artificial intelligence model, trained | The sender describes “men's leather
classification of  |classification on millions of customs declarations, |boots,” and the system provides the
goods models analyzes the text description of the  |correct code, minimizing the risk of an
goods and suggests the most error that could delay the entire
accurate HS code. container.
Monitoring Integration with | The platform tracks changes in trade |The system generates notifications
changes in regulatory legislation, sanctions, and tariffs for  [about new product certification
legislation intelligence countries along the delivery route in  |requirements in the destination country,
services real time. allowing documents to be prepared in
advance.
Forecasting Machine learning | The system analyzes a set of factors |High-risk shipments (e.g., 8/10) are
customs risks models for risk (shipper history, type of goods, automatically flagged for detailed
assessment [15]  |country of origin, discrepancies in inspection by an expert before shipment,
documents) and assigns a risk rating |preventing problems at customs.
to each shipment.

Source: author's own work

Proposal. The analytical platform for LCL
shipments is an integrated cloud-based SaaS
(software as a service) platform that functions
as a central digital operating system for
managing all aspects of consolidated cargo.

Its main goal is to transform a chaotic flow
of data from various sources into a single
source of reliable information, ensuring
transparency, predictability, and control over
the entire logistics chain.

The platform consists of several
interconnected modules, each of which
solves specific business tasks:

— Visibility and Tracking Module:
integrates data from loT sensors on cargo,
GPS trackers, and carrier information systems.
Using machine learning models, it provides
not only the current location but also the
accurate estimated time of arrival (Predictive
ETA), taking into account weather, traffic
jams, and port congestion.

— Proactive Risk Management module:
analyzes accompanying documents for errors,
checks compliance with customs
requirements, and assigns a risk rating to each
shipment. This allows you to identify potential

problems (such as incorrect HS codes) before
shipment and prevent delays.

— Financial Control and Automation
Module: automates the process of allocating
costs between different shipments in a
container, checks contractor invoices for
discrepancies, and generates transparent
invoices for customers.

— Business analytics module: visualizes
all operational and financial data in the form
of interactive dashboards. This allows
management to track key performance
indicators (KPIs) such as on-time delivery,
average transportation costs, and profitability
to make informed strategic decisions.

Thus, this platform is not just a tool, but a
strategic asset that radically changes the
approach to logistics management—from
reactive problem solving to proactive, data-
driven development.

Assessment of economic efficiency and
return on investment using the example of
FTP LLC

The implementation of a centralized
analytical platform is a strategic investment
aimed at improving operational efficiency
and expanding the range of services. This
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section presents a detailed financial
justification for such a project using the
example of the logistics company FTP LLC,
which allows assessing its feasibility in real
business conditions.

FTP LLC is a Ukrainian logistics operator
founded in 2011 in Kyiv, specializing in
comprehensive international trade services.
The company offers a full range of services
that go beyond ordinary  cargo
transportation. FTP LLC specialists provide
advice on foreign economic activity, assist
with customs clearance, take over the
management of the entire logistics chain
from the moment of loading the cargo to its
final delivery, provide support in concluding
contracts and financial transactions, and
assist in import processes [16-17].

Over the years, FTP LLC has achieved
significant success. In 2014, it received
recognition as the “Industry Leader of 2014”
in Ukraine. An important milestone in its
development was the opening of a branch in
Warsaw in 2016, which expanded the
company's geographical reach and allowed it
to operate effectively even in the difficult
conditions associated with the war in Ukraine.
In 2020, the company joined the prestigious
World Cargo Alliance (WCA), confirming its
high standards of service and gaining access
to a global network of 12,229 offices in 197
countries. These achievements underscore
the reliability and leadership position of FTP
LLC in the international logistics services
market.

The company is engaged in the following
activities [17]:

52.29 Other auxiliary transportation
activities;

46.74 Wholesale trade in cast iron
products, cast iron products, plumbing and
heating equipment and accessories;

47.52 Retail sale of hardware, building
materials, and plumbing equipment in
specialized stores;

52.10 Warehousing;

52.24 Cargo handling;

70.22 Business and
consulting;

management
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69.10 Legal activities;

49.41 Road freight transport;

50.20 Sea freight transport;

51.21 Air freight transport.

Profile of FTP LLC:

— Staff: ~160 employees in offices in
Ukraine and Poland.

— Business model: Asset-light (no own
transport), use of partner warehouses in key
hubs (China, Poland, EU).

— Services: Comprehensive logistics,
financial, banking, and brokerage services,
mainly in the import segment from Asia and
Europe.

— Finance: Annual net income ~ UAH 30
million (approximately US$750,000).

— IT infrastructure: A set of disparate
systems (BAF, CRM, Power BI, messengers) is
used, which creates the problem of
“information  silos” and  complicates
comprehensive control.

Investment goal: Implementation of a
unified analytical platform for data
integration, process automation, and creation
of new data-driven services for customers.

Detailed analysis of investment costs for
FTPLLC

Investments for FTP LLC are not directed
at physical assets, but at creating a unified
digital ecosystem, which is a key element of
the asset-light model.

The main investment is the SaaS platform.
For a company that works with multimodal
transportation (sea, air, road, rail) and a large
number of contractors, a cloud-based SaaS
solution is optimal. It provides flexibility and
scalability. The license fee of $55,000 per year
includes Vvisibility, contractor management,
and financial analytics modules [18-19].

Ensuring visibility: loT operating costs.
Since FTP LLC does not own any transport,
purchasing a fleet of expensive reusable
sensors is not feasible. Instead, a budget of
$7,000 per year covers the cost of using
disposable trackers or data from partners to
monitor the most valuable LCL cargo from
Asia.

System integration: Integration. This is
the most important one-time expense. It will
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cost $30,000 to seamlessly integrate the new
platform with FTP LLC's existing systems -
BAF (operational data), CRM (customer data),
and financial programs. Without this, the
platform will not be able to become a “single
source of truth” [18-19].

Staff training: An investment of $10,000 is
aimed at training 40-50 key employees in the
operational, financial, and commercial
departments so that they can use all the
capabilities of the new system for analysis, not
just for simple monitoring [18-19].

Detailed analysis of the potential
benefits for FTP LLC

The advantages of the project lie not only
in cost savings, but also in the creation of new
sources of income, which is extremely
important for a service company.

Reduced demurrage and detention costs.
For FTP LLC, maritime transport from Asia is a
key area where the unpredictability of port
operations often leads to penalties. Estimated
time of arrival (ETA) allows for advance
planning of container removal. This reduces
costs by at least 50%, which is equivalent to
savings of $15,000 per year.

Optimization of contractor selection. FTP
LLC's main expenses are payments for carrier
services. The platform allows you to create a
rating of contractors based on historical data
analysis (timeliness, cost, reliability). Choosing
partners based on data, not just price, reduces
overall transportation costs by 2-3%, resulting
in savings of approximately $25,000 per year
[20].

Increased  productivity.  Operations
managers at FTP LLC spend up to 40% of their
time on routine tasks: tracking shipments in
different  systems, communicating in
messengers, and  preparing  reports.
Automating these processes frees up the
equivalent of 1.8 employees' productivity,
which translates into $36,000 per year.

Creating new sources of income. The
analytics platform allows FTP LLC to monetize
data. The company can launch new premium
services:
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— Pro-Visibility  package: providing
customers with access to real-time tracking
using loT sensors.

— Risk Management Service: analytical
reports on route risks and insurance services.

This can generate up to $30,000 in new
high-margin revenue per year.

Total estimated annual benefit: $15,000 +
$25,000 + $36,000 + $30,000 = $106,000.

Return on investment (ROl) is a
performance metric used to measure the
effectiveness or profitability of an investment.
It means how much net profit you get for
every dollar invested. It is always expressed as
a percentage.

Payback period (PP) is the amount of time
it takes for an investment to generate enough
cash flow to recoup its initial cost. It is
expressed in units of time (e.g.,, months or
years).

Net present value (NPV) is an important
financial metric that calculates the
profitability of an investment, taking into
account the time value of money. Simply put,
it shows managers how much all future cash
flows from a project are worth today. A
positive NPV indicates that the project is
expected to generate more value than it
costs.

All these characteristics were calculated
in Table 5, as shown below.

Assumptions for calculation:

Project implementation period: Net
present value was calculated for a standard 5-
year period.

Discount rate: A discount rate of 12% was
used. This rate reflects the minimum return
that the company expects from an
investment with a similar level of risk.

Cash flows: The calculation uses an initial
one-time investment (-$40,000) and a net
annual cash flow (benefits minus current
expenses) of +$44,000 per year.

A positive NPV of $118,611 over five years
strongly indicates that the investment in the
analytics platform is financially sound and will
create significant value for the company that
will far exceed the initial costs.
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Table 5. Calculation of the financial impact of the investment plan implementation

Indicator Formula Year 1 Year 2 5-year forecast
Total investment amount Sum of one-time and annual costs |$102,000 $62,000 -
Total annual benefit Sum of direct and indirect savings |$106,000 $106,000 -
Net result for the year Benefits - Investments $4,000 $44.000 -
Return on investment (ROI) | (Net result / Investments) x 100% |3 g9, 71% -
Payback period Total investments / (Benefits / 12) |. . 11.5 months
Net present value (NPV) > ((1+r)t/CFt)-CO* . . $118,611
*Explanation of NPV formula |CFt : Net cash flow for time period t
variables r: Discount rate (required rate of return)
t: Time period (e.g., year 1, year 2)
CO0 : Initial investment cost (at time 0)
Source: author's own work
KPI assessment turnover. The platform's optimization

The last part of this work is devoted to the
structure of analytics performance evaluation.
The true indicator of the success of any
technological initiative is its quantitative
impact on key business indicators. The
implementation of an analytics platform in
LCL transportation is not an end in itself, but
only a tool for achieving specific business
results. At the end of this work, we propose a
comprehensive structure for evaluating the
effectiveness of the project, which allows us
to justify its value to all stakeholders.

This methodology is based on the “before
and after” principle, which requires the
collection of baseline indicators prior to
implementation and their regular monitoring
after the platform is launched. The
assessment is built around four key areas of
impact.

1) Operational efficiency - this group of
key performance indicators shows how much
more streamlined, faster, and more efficient
the company's internal processes have
become. The main goal is to measure the
reduction of friction in day-to-day operations.
Analytics directly contributes to improved
planning and automation of routine tasks,
which should be reflected in metrics such as
on-time delivery (OTD), reduced order
processing time, increased container
utilization, and accelerated inventory

algorithms and predictive capabilities are the
main drivers of these improvements.

2) Financial indicators - these indicators
directly reflect the impact of the project on
the company's final financial result. Here, the
final financial condition of the logistics
provider is measured. By optimizing routes,
minimizing costs, increasing productivity, and
ensuring accuracy, analytics should reduce
the average cost of processing a cubic meter.
This is complemented by a significant
reduction in penalty costs, such as downtime
and delay penalties. In addition, automation
allows the company to process more volume
with the same staff, which should lead to
increased revenue per employee and
improved billing accuracy.

3) Service quality and  customer
satisfaction — this category assesses how
technological changes have improved the
customer experience. Successful
implementation makes life easier for
customers and makes their business more
predictable. This can be measured using
direct feedback tools such as Net Promoter
Score (NPS) or Customer Satisfaction (CSAT). A
key indicator of proactive service is a
reduction in customer inquiries per shipment,
as customers have all the information they
need on the self-service portal. Ultimately, the
most important indicator is customer
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retention, as high quality and transparency of
service are key to long-term loyalty.

4) Strategic impact. Strategic supply
chain planning is a comprehensive,
comprehensive, and integrated planning
process to achieve competitive advantages
for the chain by increasing added value and
improving service parameters. Supply chain
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optimization should be viewed from the
perspective of a holistic analysis of the value
chain and key performance indicators (KPIs),
rather than local optimization of production
cycle time, inventory levels, etc. [21, pp. 122-
126]. The proposed KPIs are described in
Table 6.

Table 6. Summary of Key Performance Indicators (KPIs)

Category KPI

How analytics drives improvement

Operational On-time delivery (OTD)

Arrival time forecasting and proactive risk management.

pist
efticiency Order processing time

Automation of documentation and planning.

Container utilization rate

Load optimization algorithms for maximum space utilization.

Financial results

Cost per cubic meter

Optimization of routes, workforce, and assets; cost reduction.

Downtime and delay costs

Accurate arrival forecasting and proactive alerts.

Revenue per employee

Automation allows existing staff to handle a greater volume of
work.

Invoice accuracy

Automated auditing and data verification.

Service quality and
customer
satisfaction

Customer loyalty index (NPS) /
CSAT

Increased transparency, reliability, and proactive
communication.

Number of shipping requests

Customer self-service portals with real-time tracking data.

Customer retention rate

High-quality service builds long-term loyalty.

Strategic impact

Data-driven decision-making

Measures cultural shift toward analytical decision-making.

rate

Source: author's own work

Evaluating analytics effectiveness should
not be a one-time event. It should become
part of a continuous cycle of “Measurement
— Analysis — Optimization.” This structure
provides a clear roadmap not only for
validating the value of the initial investment,
but also for transforming the analytics
platform into a dynamic tool for finding new
avenues for growth. This data-driven
approach to management is the foundation
for creating a sustainable competitive
advantage and establishing leadership in the
logistics market.

Conclusions. The study confirms that the
targeted use of analytics in consolidated
freight transportation is a key factor in the
transition from traditional, reactive methods

to a proactive, data-driven business model.
Analytics is not just an optimization tool, but
a fundamental basis for survival and growth in
this complex and competitive segment of
logistics. In the course of the work, all the
tasks set in the context of the research topic
were completed.

First, the features and key challenges
inherent in consolidated transportation were
analyzed. The study showed that the main
problems of the LCL segment are the
complexity of physical consolidation of cargo
from different shippers, the lack of
transparency in the distribution of shared
costs between them, and the fragmentation
of tracking on multi-stage routes.
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Second, the main goals and areas of
application of transport analytics for solving
these problems were identified. It was found
that the main goal of analytics in LCL is to
transition to a proactive model capable of
managing the high volatility and risks
characteristic of consolidated freight supply
chains. This allows logistics operators to
strengthen their competitive advantages
through reliability and transparency.

Thirdly, the paper systematizes key areas
of application of analytical methods directly
for LCL operations. It shows how modeling
the estimated time of arrival for multi-stage
consolidated routes, optimization algorithms
for maximizing container loading, and
intelligent processing of different document
packages from multiple senders within a
single consolidation can effectively solve
specific problems in this market.

Fourth, the technologies and tools
required to implement analytics in
consolidated transport were outlined. The
study showed that the basis is a SaaS cloud
platform specialized in managing multi-client
LCL shipments. The key tools are machine
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learning models for forecasting and business
analytics platforms for monitoring KPls
specific to group logistics.

Finally, approaches to evaluating the
effectiveness of analytical solutions in the LCL
sector were proposed. A KPI system was
developed and a detailed ROI calculation
model was provided. Calculations based on
the example of FTP LLC showed that with an
initial investment of $102,000 and an annual
benefit of $106,000, the project pays for itself
in 11.5 months, and the return on investment
in the second year reaches 71%. This proves
the high economic feasibility of investing in
specialized analytical systems for managing
consolidated cargo.

Thus, the introduction of analytics into
consolidated freight logistics is a sensible and
necessary step. It not only solves existing
operational problems, but also creates a basis
for innovation and transforms information
into a strategic asset for gaining a decisive
advantage in the competitive market of
consolidated transportation.
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DIGITALISATION OF LOGISTICS BUSINESS PROCESSES IN
SUPPLY CHAIN MANAGEMENT AGAINST THE BACKGROUND OF
GLOBAL TRENDS

Svitlana Smerichevska, Dmytro Tsymbal, Nataliia Tsymbal. "Digitalisation of logistics business
processes in supply chain management against the background of global trends". The article discusses
the peculiarities of digitalisation of logistics business processes in supply chain management in the context of
global transformations of the digital economy. The purpose of the study is to identify current trends in the digital
transformation of logistics systems, analysis the main challenges of its implementation in a dynamic external
environment, and substantiate strategic directions for improving the efficiency of digitalisation.

The study analyses data from leading international indices of digital development (in particular, the
Network Readiness Index), and makes a comparative assessment of the level of digitalisation in various sectors
of the economy.

The main barriers to the digitalisation of logistics are identified, including the lack of qualified IT
personnel, uncertainty about the economic efficiency of investments, cybersecurity threats and infrastructure
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constraints. Practical directions for increasing the efficiency of digital transformation of logistics business
processes with a view to forming perfect supply chains are proposed, in particular through the development of
digital competencies, investment in innovative technologies, strengthening cyber defense and implementation
of adaptive management models.

Keywords: digitalisation; digital technologies; logistics; logistics business processes; management;
supply chains; digital development indices

Ceimnana Cmepivyeecvka, mumpo Lum6an, Hamania Qum6an. «ugppoeizayia nozicmuyHux
6i3Hec-npoyecie e ynpaenivHi naHyl02amu nocmayaHHa Ha mni 2nobanbHux mpenodis». Y cmammi
po32aaHymo ocobnusocmi  yugposizayii  nozicmudHux  6i3Hec-npouecie 8 ynpassiHHI  JIaHY2aMU
NOCMAyaHHA Y KOHmMeKcmi 2nobansHux mpaHcgopmayiti yugpposoi ekoHomiku. Memor 00CnioxeHHA €
BUABJIEHHA AKMYyaabHUX MeHOeHUil yugposoi mpaHchopmauil no2icmuyHux cucmem, aHania OCHOBHUX
BUKJIUKIB 1i 8NpOBAOXKEHHA 8 yM08ax OUHAMIYHO20 308HiWUHBLO20 cepedosuwd ma Oo6rpyHMyeaHHs
cmpameziyHuUx HanpAamig nidsuweHHA echekmusHOCMI Yugposizauii.

Y npoueci 0ocnidxeHHA NpoaHanizo8aHo 0aHi NPOBIOHUX MiXHAPOOHUX iHOEKCi8 Yugpo80o20 po38UMKY
(30kpema Network Readiness Index), a makox 30ilicHeHO Nopi8HAIbHY OUIHKY pieHA yugposi3auii 8 pizHUx
CeKMopax eKoOHOMIKuU.

BusigneHo ocHO8HI 6ap’epu yugposizauii nozicmuku, ceped kux — Hecmada kaanigikosarux IT-
Kaopis, HesU3HA4YeHiCMb eKOHOMIYHOI egekmusHOCMi iHBecmuuyil, 3azpo3u  Kibepbe3neuyi ma
iHpppacmpykmypHi 0bMexeHHA. 3anpoONOHOBAHO NPAKMUYHI Hanpamu nidBUWeHHA epekmusHoCmi
yugposoi mpaHcghopmauii no2icmuyHux 6isHec-npouecie 3 Memor (opmysaHHa OOCKOHAAUX JIaHYozi8
NocmMayaHHA, 30Kkpema Yepes po3sUMokK Yugposux KomnemeHuyitl, iHeecmysaHHs 8 iHHosauiliHi mexHosoeil,

nocuneHHA Kibepsaxucmy ma 8nposadXxeHHA adanmusHuUx mooesneli ynpasiHHs.

Kmoyosi cnoea: pipxutanisauina; unmdpoBi TexHonoril; norictuka; norictmyHi 6isHec-npouecy;
YRPaBNiHHA; NAaHLIOM NOCTaYaHHs; iHAeKCU LMdPOBOro PO3BUTKY.

Introduction. The war in Ukraine has
caused large-scale destruction of
infrastructure, power outages, logistical
problems, and significant migration. All of
these factors have led to a decline in demand
for certain goods and services due to a
decrease in the purchasing power of the
population and a change in consumer
priorities. The Russian aggression disrupted
traditional logistics routes, making it more
difficult to supply raw materials and
components and deliver finished products.
The increase in prices for energy, raw
materials and logistics services significantly
increased production costs. Mobilisation,
evacuation and migration resulted in a
shortage of skilled personnel. The war
stimulated the development of import
substitution, which led to increased
competition in the domestic market.

The twenty-first century is considered to
be the century of technical development,
built on the basis of fundamentally new
industrial technologies, electronic control,
computer-integrated production activities
and the desire to minimise or replace human
labour in production and other activities with
artificial intelligence. Borders are increasingly
blurred and the structure of production is
changing significantly. The desire for
comprehensive improvement of
technological, auxiliary and information
activities is increasingly becoming a key factor
in the development of modern production.
This means that the structure of production is
changing globally on the basis of new
communication and computer advances,
nanotechnology and other technical
solutions. In these conditions, production
should be considered as a whole, including
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both  technological and information
processes and functionally integrated
production components, including logistics
[1].

Logistics, as an integral part of any
enterprise, is also undergoing significant
transformations under the influence of the
digital revolution, as the efficiency of logistics
processes and the formation of perfect supply
chains directly affect the competitiveness of
enterprises and customer satisfaction.

In the 21-st century, logistics has evolved
from a purely operational function to a
strategic element of business that can
determine its sustainability, adaptability and
competitiveness. In the era of digital
transformation, traditional logistics models
are undergoing dramatic changes. Businesses
are increasingly adopting digital technologies
to ensure efficiency, transparency and
effectiveness in their supply chains. However,
alongside the new opportunities, challenges
are growing in complexity, from digital skills
shortages to cyber risks and uncertainty
about the return on technology investments.

The digitalisation of logistics business
processes goes beyond automation. It is a
radical transformation of logistics
architecture, business models, management
decisions and customer interaction. Today,
companies are implementing solutions such
as artificial intelligence, blockchain, the
Internet of Things (loT), digital platforms and
Big Data analytics. At the same time, the
instability of the global environment, the war
in Ukraine, disruption of supply chains, and
energy challenges create a unique backdrop
against which this digital revolution is taking
place.

The relevance of this study is driven by
several interrelated factors:

firstly, digitalisation is not just a trend, but
a prerequisite for the survival and
development of business in a globally
competitive environment;

secondly, logistics, being one of the most
dynamic and resource-dependent sectors,
requires rapid adaptation to new digital
challenges;
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third, Ukraine is undergoing a strategic
shift towards the digital economy, which
makes logistics a key area of transformation of
production and service processes;

fourth, despite the positive dynamics of
digital implementation, there is a significant
gap between the potential of digital tools and
the actual level of their integration into
logistics systems, especially at the level of
small and medium-sized businesses.

Therefore, the study of current trends and
challenges in the digitalisation of logistics
business processes is necessary both to form
the theoretical foundations of digital logistics
and to develop practical recommendations
that will help increase the efficiency,
adaptability and sustainable development of
Ukrainian companies.

Analysis of recent research and
publications. In recent years, the
digitalisation of logistics has become the
subject of active study in both the scientific
and applied environment. In numerous
works, researchers emphasise that the digital
transformation of logistics business processes
in supply chain management is a key
condition for ensuring the efficiency,
flexibility and customer focus of enterprises in
the context of global instability.

In particular, in the works of O. Pryhara, L.
Yarosh-Dmytrenko [2] and L. Liakhovych [3],
the authors analyse strategies for adapting
the logistics functions of enterprises in
wartime, including digital tools as a key
component of crisis management. The
publications of M. Hryhorak [4] and E.
Krykavskyi [5] highlight the evolution of
logistics management in the context of the
digital economy. Their approaches focus on
the integration of logistics and information
flows as a prerequisite for the creation of
intelligent logistics systems. In the research of
S. Smerichevska [6], E. Cameron [7] and J.
Horrell [8] highlight the transformational
impact of the latest digital technologies (Al,
Big Data, IoT, blockchain) on supply chains
and logistics management. The authors draw
attention to the changing role of logistics -
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from a supporting function to a strategic
component of the business model.

The practical aspect of the digital
transformation of logistics is revealed in the
works of S. Filippova and O. Malin [9], who
focus on the impact of digitalisation on the
competitiveness and  adaptability  of
enterprises in a turbulent market. The authors
analyse the barriers to digitalisation,
including limited resources, lack of digital
culture and shortage of IT personnel.
Publications of international organisations
such as the Portulans Institute, World
Economic Forum, IMD systematise key
indicators of digital readiness, including the
Network Readiness Index (NRI), Global
Connectivity Index (Gdl), Digital
Competitiveness Ranking, etc. Analytical
reports indicate that a high level of digital
maturity in logistics is directly correlated with
investment attractiveness, innovation and
business flexibility.

At the same time, most existing studies
focus either on general aspects of
digitalisation or on specific technological
solutions without a comprehensive analysis
of current trends, barriers and systemic
challenges that accompany the digital
transformation of logistics processes. It is this
gap that determines the relevance of further
research in this area.

The aim of the study is to identify
current trends in the digitalisation of logistics
business processes in  supply chain
management, analysis the main challenges of
its implementation in a turbulent
environment, and substantiate ways to
improve  the efficiency of digital
transformation of logistics systems.

The object of research is the logistics
business processes of enterprises in the
modern global environment.

The subject of the study is modern
approaches to the digitalisation of logistics
business processes, their impact on the
formation of perfect supply chains and ways
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to improve the effectiveness of digital
transformation in a turbulent environment.

The research methodology is based on
the developments of domestic and foreign
scientists on the problems of logistics process
management. To fulfil the research objectives
and achieve the set goal, the following
general scientific and special research
methods were used: abstract and logical - to
summarise scientific and methodological
approaches to logistics process management;
economic and statistical - to analyse the
impact of modern digital technologies
(blockchain, artificial intelligence, loT, etc.) on
the state of market digitalisation; systematic
and comparative - to determine the main
directions for assessing the efficiency of
logistics processes.

Main material and results. Recent years
have been an unprecedented challenge for
Ukrainian business. The combination of a full-
scale war and the global COVID-19 pandemic,
quarantine restrictions, the transition to
remote work, and changing consumer habits
have created a unique complex challenge
that has forced businesses to adapt to new
realities and look for innovative solutions.

However, despite the challenging
environment, many Ukrainian businesses
have demonstrated incredible resilience and
adaptability. Among the strategies that have
allowed businesses to survive and grow, the
main ones are shown in Table 1.

In the context of globalisation processes
that cover the economic, social and cultural
spheres, digitalisation is becoming a key
driver of innovative economic development.
Ukraine is actively joining the global trends of
digital transformation. The use of digital
technologies for the Ukrainian economy is a
promising way of innovative growth, even in
difficult conditions caused by crises, including
military challenges.
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Table 1. Key characteristics of business survival and development strategies

technologies

Strategy Essence Advantages
Diversification of Expanding the range of products/services, Reducing dependence on one area, increasing
activities searching for new markets, adopting new revenues, increasing resilience to crises

Digital transformation

Implementation of digital technologies in
business processes

Automation, cost optimisation, improved
customer experience, increased efficiency

Support for local

Cooperation with Ukrainian suppliers

Reducing dependence on imports, supporting

costs

producers the domestic economy, and ensuring stable
supply

Development of Creation of online stores and marketplaces Expanding sales geography, access to a larger

online sales audience, reducing rental costs

Cost optimisation Reducing rental, marketing and administrative | Increase profitability, improve competitiveness

Search for new
sources of funding

Attracting investments, using government
programmes

Ensuring financial stability, expanding
opportunities for development

Cooperation with Joining forces to solve problems together Sharing experience, expanding network of
other companies contacts, sharing resources

Support for Creating favourable working conditions, Retaining and attracting talent, increasing
employees providing psychological support employee loyalty, increasing productivity

Source: compiled on the basis of [2, 3, 10].

In the context of globalisation processes
that cover the economic, social and cultural
spheres, digitalisation is becoming a key
driver of innovative economic development.
Ukraine is actively joining the global trends of
digital transformation. The use of digital
technologies for the Ukrainian economy is a
promising way of innovative growth, even in
difficult conditions caused by crises, including
military challenges.

Globalization promotes the active
exchange of information, ideas, culture and
technology, which forms a single global
community. It encompasses economic,
political, social and cultural aspects, creating
new opportunities for entrepreneurship,
market development, and the dissemination
of knowledge and technology. At the same
time, globalization poses challenges for
countries related to competition, inequality
and preservation of cultural identity [8].

In recent decades, digital technologies
have become a driving force for the
development of society and the global
economy, causing dramatic changes in socio-
economic processes  through their
digitalization. The areas and degree of
digitalization have changed, affecting not

only global and local socio-economic
processes, but also digital technologies
themselves, moving from digitisation to
digitalisation [9].

Today, we often hear the words
"digitisation", "digitalisation", "digital state"
and "digital transformation" in the media and
in everyday life. Although they sound similar,
their meanings differ.

At the same time, similar terms such as
"digitalization", "digital transformation”, as
well as "digitization" are often confused,
which leads to their incorrect use. It is worth
considering two of the closest concepts:
"digitization" and "digitalization".

"Digitization" refers to the process of
converting analogue information (e.g. paper
documents) into a digital, machine-readable
format. In the 1990s, the term "digitization"
was used to refer to the preparation,
conversion and archiving of analogue
documents into digital form. In other words,
digitization is the transfer of information into
digital form. A more technological definition:
digital transmission of data encoded into
discrete signal pulses [11].

At the same time, digitization is only the
first stage of digitalization, which is a much
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broader and more complex process. As
Professor V. S. Kuibida noted: "Digital
technologies require digital information, and
digitisation is merely the process of
converting information into a digital format.
However, for digital transformations, data
digitization alone is not enough" [12].

If digitization involves the conversion of
data into a digital format, then digitalization is
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aradical change in all processes related to the
use of this data. It is like moving from manual
calculations to using a calculator, or like
moving from a library with books to an
electronic library where you can search for the
information you need instantly - not just by
changing the tool, but also the way you work.
Table 2 provides a description and examples
of these processes.

Table 2. The essence of the concepts of "digitisation" and "digitalisation”

Concept Description Example Differences
Digitisation | Converting analogue information into [Scanning documents, converting an Focuses on the form of
digital form. audio recording into an MP3 file. data

Digitalisation | Global change of processes with the

help of digital technologies.

Transitioning a company to a CRM
system, creating an online store.

Focuses on processes
and business models

Source: compiled on the basis of [9, 11, 12].

The transition from digitisation to
digitalisation is the essence of the recent

digital revolution, which takes place in four
stages (Table 3).

Table 3. Main stages of the digital revolution

Stage, period Characteristics

Consequences

1. The first stage:
1990-2000.

Web 1.0: informatisation of websites — filling
them with information content. Digitisation.

Creation of an information infrastructure to
provide online access to information.

2. The second
stage: 2000-2010.

Web 2.0: active involvement of users in the
creation and accumulation of data. Digitisation.

Emergence of a new subject of the
information process.

3. The third stage:
2010-2020.
Digitalisation.

Web 3.0: technological network changes to
reduce the time of information provision.

Development of social networks and instant
messaging applications. Significant
intensification of the use of the human
neural network.

4. Fourth stage:

Web 4.0: the use of artificial intelligence and

Building artificial networks (building Neural

from 2020. neurocommunication to build communication | Networks), Internet of Things.
between people, animals and things.
Digitalisation.
Source: [9]
The rapid development of digital Howe and W. Strauss in 1991, Generation Z

technologies is dramatically changing our
lives. Thanks to digitalisation, we can
communicate instantly; quickly access the
information we need; receive online services
(banking, utility bills, etc.) without leaving
home; buy goods; study remotely, choosing a
convenient time, level, pace, place without
being tied to where we are; create new
products and services; solve complex
problems, etc.

Taking into account the Generational
Theory created by american scientists N.

(born in 2003-2023), born in the era of the
Internet and smartphones, has unique skills
and values and will be the first fully "digital"
generation, freely using virtual space and
having a virtual mindset. Members of this
generation are fluent in virtual space and
naturally use digital tools. These features
allow them to shape new trends in various
areas of life, from entertainment to politics. In
the future, Generation Z will become the main
driver of the digital economy, which will be
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focused on meeting their needs and
expectations [13].

Digitalisation is the process of transition
from traditional analogue methods to the use
of modern digital technologies, systems and
tools. It is being implemented in various
industries, including business, education,
medicine, public administration, and others.
Digitalisation allows you to automate
processes, optimise costs, improve the quality
of services, improve communication and
provide access to information.

Digitalisation makes resources more
efficient, processes faster, and opportunities
for development and innovation broader. It is
changing the way organisations and society
function, driving the transition to a digital
economy and a digital society.
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In the context of globalisation,
digitalisation of the economy is a tool for
transforming economic systems and their
infrastructures. Its implementation is aimed at
increasing  productivity, efficiency and
competitiveness. In an interdependent world,
digitalisation opens up new ways for
businesses and countries to optimise
resources, improve production processes,
introduce innovations and enter new
markets.

The key elements of the digital
infrastructure, described by their functions
and impact, are presented in Table 4, which
demonstrates the interconnection of the
main components of digitalisation and their
practical application.

Table 4. Elements of digital infrastructure, their description and examples

Element Description Examples
. The use of innovative tools such as Al, loT, blockchain | Implementing blockchain for transparent
Digital . and cloud computing to automate business, analyse data | financial transactions; using Al to optimise
technologies | and production processes. production.
Diai Platforms that enable interaction between market Amazon as a global trading platform;
igital . . . -
olatforms parhm_pants (buyers, seIIersl, §upp||ers) for trade, using Uber as an example of a digital
financial transactions and logistics. service.
Conducting trade operations via the Internet, including | Integration of CRM systems to improve the
E-commerce | buying, selling and business interaction with consumers | customer experience; Shopify to manage
and partners. online stores.
Analvi q Collecting and analysing large volumes of data to | Use Al to analyse consumer habits; Google
nalyticsand | jqentify trends, optimise processes, and conduct | Analytics to monitor online activity.
big data strategic planning.
Cloud Data storage and access to resources through cloud Using A\{VS o deplch]yITl:/?frastrl;ctu;fg,
technologies | computing, which reduces IT infrastructure costs. gggs solutions such as Microsoft Office
Internet of Connecting physical devices to the Internet to automate Smart me.ters. to mon!tpr engr:glyT
Things (loT). | processes, monitor and improve efficiency. %ﬁg;g}gzon’ smart cities with lo
: Protecting data and digital infrastructures from threats in| Implementation of two-factor authentication;
Cybersecurity | oyherspace. use of anti-virus software.

Source: generalised based on [14, 15]

Logistics, as one of the most dynamic
sectors, is the first to experience both the
opportunities and challenges of digitalisation.
The rapid development of technologies - from
artificial intelligence to the Internet of Things
(loT), from cloud solutions to blockchain - is
fundamentally changing approaches to
managing logistics business processes,

opening up new horizons of efficiency,
flexibility and transparency.

Despite the impact of hostilities,
Ukraine is actively seeking to integrate into
global digital trends. The use of digital
technologies in the logistics sector is seen not
only as a response to current challenges, but
also as a chance to build more sustainable,
adaptive and competitive business models.
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This is especially true in the context of
disrupted supply chains, changing consumer
expectations and rising costs of logistics
services.

At the same time, the digitalisation of
logistics is not just a technical upgrade of
processes, but a comprehensive
transformation of management strategies,
business  architecture and interaction
between supply chain participants. There is a
gradual shift from traditional logistics to
smart logistics, which is based on the
integrated use of data, algorithms and digital
platforms.

This process of digital evolution is
inextricably linked to the overall context of
globalisation. Global networks create new
opportunities for the exchange of
information, technology and innovation, as
well as challenges related to cybersecurity,
regulatory uncertainty and technological
inequality. In this context, it is important to
adapt logistics systems to new market
requirements, which involves not only
digitisation but also a deep digital
transformation of logistics business processes
in supply chains.

In the current environment of
globalisation and technological
breakthroughs, supply chains are undergoing
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a large-scale transformation under the
influence of digital technologies. The
digitalisation of logistics business processes is
becoming a key factor in improving the
efficiency of supply chain management,
optimising costs, increasing transparency and
speeding up customer service. The successful
implementation of digital solutions in the
logistics activities of enterprises is closely
linked to the overall level of development of
the digital infrastructure and IT sector in the
country, which, in turn, is reflected in global
digital indices.

The assessment of the level of digital
readiness of different countries is based on a
number of reputable international rankings
and indices that help determine the potential
for digital transformation of logistics systems.
These indices include: Network Readiness
Index (NRI), Global Connectivity Index (GCl),
3l-Index (3l-Index), Digital Competitiveness
Index (WDCR), Global Cybersecurity Index
(GGsl), National Cybersecurity Index (NCSI),
Global Innovation Index (Gll) and Global
Knowledge Index (GKI). They allow not only to
compare the level of digital maturity between
countries, but also to form a strategic vision
for the development of digital logistics
infrastructures (Table 5).

Table 5. International indicators for assessing the level of digitalisation

Indicators

Organisations conducting the assessment

Network Readiness Index (NRI)

World Economic Forum, INSEAD

Global Connectivity Index (GCI)

Huawei

The Inclusive Internet Index (3l-index)

Analytical division of the British magazine "The
Economist"

IMD World Digital Competitiveness Ranking (WDCR)

IMD Research Centre in Switzerland

Global Cybersecurity Index (GCsl)

ITU Global Cybersecurity Agenda (GCA)

National Cyber Security Index (NCSI)

Academy of e-Governance Tallinn, Estonia

Global Innovation Index (GlI)

INSEAD International Business School, Cornell University
and the World Intellectual Property Organisation (WIPQ)

Global Knowledge Index (GKI)

United Nations Development Programme (UNDP) and
Mohammed bin Rashid Al Maktoum Knowledge Foundation
(MBRF)

Source: compiled on the basis of [15].

Thus, the study of these indices in the
context of the digitalisation of logistics
business processes allows identifying key

global trends, assessing challenges and
opportunities, and substantiating ways to
improve  the efficiency of  digital
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transformation of logistics systems and
supply chains in the turbulent environment of
the modern market.

With a strong IT sector, talented
professionals and open access to global
markets, Ukraine has a unique opportunity to
become a leader in digital transformation in
the region.

Digitalisation of all sectors of the
economy opens up new opportunities for
Ukraine, including:

expanding citizens' access to convenient
and high-quality electronic services;

simplification of business processes,
which contributes to the development of
entrepreneurship;

increasing the country's attractiveness to
investors;

creating effective  mechanisms  of
interaction between government agencies,
citizens and business;

improving  the  productivity and
competitiveness of enterprises;

stimulating  innovation and  the
introduction of modern technologies in
various sectors of the economy.

Active digitalisation also contributes to
Ukraine's integration into the global digital
economy, creating new opportunities for
economic growth and strengthening its
position in the international arena.

Let's take a closer look at the Network
Readiness Index (NRI), which is a powerful tool
for assessing a country's digital development
and readiness to use information and
communication technologies (ICTs) for
economic growth and social development
around the world. The NRI Index is developed
and published by the Portulans Institute, a
non-profit organisation. This organisation
specialises in research on innovation,
competitiveness and technology. Until 2019,
this index was developed and published as
part of the World Economic Forum's Global
Information Technology Report in
cooperation with the INSEAD Institute. In
2019, the rights to publish the index were
transferred to the Portulans Institute. The
Portulans Institute uses modern
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methodologies, including data from
international organisations such as the World
Bank and the International
Telecommunication Union (ITU), as well as its
own research. The reports they publish
analyse the level of readiness of countries for
the  digital economy  and offer
recommendations for further development.

Ukraine holds an average position in the
NRI  ranking. Although our country
demonstrates significant potential in the ICT
sector due to its developed IT industry and
talented professionals, there are still many
areas that need to be improved.

In recent years, Ukraine has shown
positive dynamics in NRI indicators due to
reform efforts, digitalisation of public services
(e.g. Diia platform, Electronic Citizen's Office,
eBaby programme) and support for the IT
sector. This creates conditions for improving
our country's position in the ranking in the
future.

The dynamics of Ukraine's position in the
NRI index for the period 2002-2024 is shown
in Figure 1.

Analysing the above data, it can be noted
that in the period 2002-2010, Ukraine
occupied positions in the range of 62-75
places, which indicates a relatively stable level
of readiness for digital technologies in this
period. We can observe a significant
deterioration in 2014. The decline to 81st
place may be due to economic and political
challenges in the country, in particular the
crisis that affected investments in the digital
sphere. The country's position has been
gradually improving since 2015. This may be
the result of reforms in digitalisation, support
for the IT sector, and the development of e-
government. A significant breakthrough can
be seen in 2021-2024, when Ukraine rose from
64th place (2020) to 43rd place (2023-2024).
This demonstrates significant achievements
in the implementation of digital technologies,
such as the development of the Diia platform,
as well as improved infrastructure and the
growing role of the IT industry. For further
growth, there is a need to focus on expanding
access to digital infrastructure in the regions,
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investing in innovation, and improving the
level of digital education of the population.

N
[
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61

Ukraine's place in the NRI ranking
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Figure 1 - Dynamics of Ukraine's position in the NRI index for the period 2002-2024.
Source: based on [16 - 26].

Digitalisation is firmly established in the
long-term strategies of Ukrainian companies:
99% of respondents mentioned it as part of
their strategic vision, and 96% actively
monitor the effectiveness of the digital
technologies they have already implemented.
The most important results of digitalisation
for business are the indicators of reducing
operating costs (76%) and
attracting/retaining customers (68%) [27].

The use of advanced technologies, such
as artificial intelligence and machine learning,
reveals interesting patterns of staff
engagement in digitalisation: companies that
use these technologies are less likely to have
high staff engagement (4%), but are also more
likely to have specialised technical teams
(69%). In contrast, companies that do not use
such technologies still have high employee
engagement (35%), but the lack of specialised
teams can pose challenges. The data shows
that companies that rely on sophisticated

technical solutions focus on forming highly
specialised expert groups to ensure that
digital transformation is implemented at the
strategic level.

Among the priority areas of digitalisation,
Ukrainian companies highlight improving
operational efficiency (76%) and increasing
sales with an expanding customer base (63%).
At the same time, the creation of integrated
systems with partners and alliances remains
on the periphery of attention (7%). Small and
medium-sized manufacturing companies in
particular focus on improving business
models and turning risks into opportunities
(75% and 67%, respectively), while large
service companies additionally rely on
developing their own innovative products
(61%) [30].

The focus of future implementations is on
artificial intelligence (94%) and cloud services
for software integration and collaboration
(71% each) (Fig. 2).
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Figure 2 - Plans of the surveyed companies to implement IT technologies over the next two
years
Source: based on [27].

Almost all of the surveyed companies According to KPMG research [27], the
(91% of manufacturing and 97% of service priority areas for further digitalisation of
companies) plan to introduce Al and machine logistics business processes are improving
learning technologies. In addition, every third operational efficiency (74%), increasing sales
company surveyed plans to introduce more and expanding the customer base (63%), and
specialised technologies such as robotics, 3D others, as shown in Figure 3.

printers, AR/VR/XR, and loT.
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Figure 3 — Priority areas for further digitalisation
Source: based on [27].
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However, the path to digital business
transformation is hampered by many
challenges. In particular, the lack of qualified
IT specialists (49%) and uncertainty about the
return on investment (46%) are the biggest
obstacles to this process. Another significant
challenge is the reluctance to disrupt the
usual model of work (34%), i.e. resistance of
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employees and managers to innovations and
the allocation of all resources to support the
current business (34%), as there is not enough
time or money for development. Another key
challenge is the threat of cybersecurity (32%),
namely the fear of hacker attacks or data
leakage after digitalisation (Figure 4).

30%
20%
0% e

technologies

Physical
destruction/vulnerability of

The risk of business
infrastructure

Threat to cybersecurity
vulnerability due to
imperfect implemented

Insufficient financial capacity
Distrust of new technologies
among management

Figure 4 - Challenges that slow down digital transformation the most
Source: based on [27].

Despite all the challenges, companies
continue to integrate digital technologies
into their supply chain management business
processes. The leader in digitalisation among
business processes is core operations in both
manufacturing and service businesses (46%).
This is the highest share of digitalisation in
both sectors, which indicates the priority of
automation and digital solutions in core
business processes. The level of digitalisation
is also high in the IT sector: manufacturing -
38%, services - 44%, and sales management:
41% in both sectors. These areas in both
sectors also demonstrate active digital
transformation. The average level of
digitalisation in finance and marketing:
finance 35% in both sectors; marketing:

manufacturing 28%, services 40%. Marketing
in service businesses is more digitised, likely
due to greater contact with online customers.
The lowest adoption of digital technologies
can be observed in human resources
management: manufacturing - 29%, services -
34%; supply chain management:
manufacturing - 32%, services - 26%. These
areas remain less digitised, which indicates
the  complexity or  slowdown  of
transformation in human resources and
logistics.

Figure 5 shows a diagram that
demonstrates which business processes have
been digitised over the past 2 years, broken
down by manufacturing and service
businesses.
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Figure 5 — Business processes in which digital technologies were introduced in 2023-2024
Source: based on [27].

Both manufacturing and service sectors
are most actively implementing digital
technologies in their core business. Service
companies invest more in digitalising
marketing, while manufacturing companies
invest more in supply chain management.
Human resources and logistics remain the
"weak links" in digital transformation.

Let's take a closer look at the
digitalisation index, which reflects the level of
digital development of economic sectors and
allows us to assess how actively digital
technologies are used to improve the
efficiency, innovation and competitiveness of
supply chains.

The highest digitalisation index is
observed in the service business. In particular,
IT and telecommunications - 65%, and trade -
61%. These industries are leaders in the
implementation of digital solutions, which is
to be expected: they have a high level of
digitalisation, process automation, and active
contact with the end consumer through
digital channels.

A high and stable level of digitalisation in
both sectors can be seen in construction, oil
and gas, transport and logistics, finance and
insurance, and food and tobacco production -
56-59%.

These industries demonstrate the active
implementation of digital solutions in both
manufacturing and service companies. For
example, digital logistics or automated
financial planning have already become
standard in many organisations.

Industries with a lower level of
digitalisation are concentrated in
manufacturing. In particular, mining and
metallurgy - 50 per cent, agriculture - 50 per
cent, energy - 48 per cent, and
pharmaceuticals - 47 per cent. Manufacturing
industries with significant tangible assets,
often with complex infrastructure, are the
slowest to adopt digital technologies. This is
due to the high cost of modernisation,
conservative management or the difficulty of
adapting new solutions.

The average digitalisation index by
economic sector is shown in Figure 6.
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Figure 6 — Average digitalisation index by industry
Source: based on [27].

Service industries are leading the way in
digitalisation, in particular those operating in
communications, trade, and finance.
Manufacturing companies demonstrate a
somewhat slower pace of digital
transformation, especially in the energy,
pharmaceuticals, and agriculture sectors.
Many traditional industries still have
significant potential for digital development,
which could become a key competitive
advantage in the future.

The digitalisation of logistics business
processes in supply chain management is a
crucial  factor in increasing  the
competitiveness of enterprises in today's
globalised and turbulent environment. It
provides flexibility, transparency, and
efficiency in resource management and
facilitates the integration of logistics into
digital supply chains.

Conclusions. The results of the study
indicate an uneven level of digitalisation in
different sectors of the economy. The highest
rates are observed in IT, telecommunications,
trade, transport, and finance. Meanwhile, in
manufacturing industries, such as energy,
agriculture, and pharmaceuticals, digital
transformation is slower to take place due to

limited resources, process complexity, and
institutional barriers.

A comparative analysis shows that service
businesses demonstrate a higher level of
digital adoption than  manufacturing
businesses. This is due to the need to respond
quickly to changing consumer demands, the
high level of digital communication with
customers, and the rapid adaptation of
business models to digital realities.

The main barriers to the digitalisation of
logistics processes include a shortage of
skilled IT personnel, lack of guarantees of
return on investment, cybersecurity threats,
resistance to organisational change, and
insufficient ~ development  of  digital
infrastructure. These factors significantly
constrain the speed and scale of digital
transformation.

Index-based assessments of digital
development (such as the Network Readiness
Index, Global Connectivity Index, IMD Digital
Competitiveness Ranking, Global Innovation
Index, etc.) are an important analytical tool for
comparative analysis and strategy
development for the digitalisation of logistics
systems on a global scale.
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To ensure an effective digital innovative technologies, creating a secure
transformation ~ of  logistics  business digital infrastructure, as well as implementing
processes, it is advisable to focus on the adaptive management models that take into
development of digital competencies of account the challenges of the digital
personnel, attracting investments in economy.
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The article examines the role and effectiveness of integrating artificial intelligence and electronic document
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connectivity in multimodal supply chains. The integration of artificial intelligence (Al) into electronic document
management (EDM) systems represents a key stage in the digital transformation of logistics. Over the past five
years, the logistics sector in Europe and the United States has shifted from traditional digital archiving toward
intelligent automation and predictive data management. The study aims to examine the interaction between
Al technologies and EDM solutions in logistics and to compare the technological, regulatory, and organizational
approaches of Ukraine, the European Union, and the United States. The research applies a comparative and
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analytical methodology based on official EU and OECD reports, KPMG and ACCA industry analyses, and
Ukrainian digitalization frameworks. The results demonstrate that in Europe, the integration of Al and EDM is
strongly influenced by the EU Atrtificial Intelligence Act (Regulation 2024/1689), which establishes a risk-based
approach to Al governance. In the United States, innovation is driven by private investment and sectoral
standards, while Ukraine is still at an early stage of Al adoption, facing infrastructure and regulatory challenges.
The findings confirm that Al enhances the efficiency, traceability, and compliance of logistics document flows,
automates reporting and verification, and supports strategic decision-making. The article identifies the main
barriers to implementation — technical barriers, regulatory barriers, and personnel and organizational barriers
that lead to technological fragmentation, data interoperability issues, and skills shortages. Special attention is
paid to comparing regulatory barriers to implementing Al-generated documents in Europe, the USA, and
Ukraine, which provides an opportunity to adapt legislation not only to national requirements, but also to take
into account the experience of best legislative practices. Proposes a conceptual model for harmonizing Al-based
document management systems in logistics, forms an intelligent ecosystem of logistics data, in which electronic
document flow acts not only as a tool for information exchange, but also as an active analytical resource for
managing logistics processes. The results contribute to understanding how Al-driven EDM can improve
transparency, sustainability, and competitiveness in global logistics chains.

Keywords: artificial intelligence; electronic document management; logistics; digital transformation;
data management; Al regulation; logistics supply chains

Okcana lNo3nak, Hamania Xapaxaw, IpuHa Cyeoposa. ««<lumezpayia wmy4Hozo iHmenekmy ma
e/leKmpoHHO020 0OKyMeHmMooGbiz2y e nozicmuyi: nopieHanbHull aHaniz Ykpainu, €eponu ma CLUA». ¥
cmammi po321A0aeEmbca posib ma eghekmusHicmeb iHMezpauii Wwmy4yHo20 iHmenekmy ma enekmpoHHO20
0oKymMeHmoobiey 8 siozicmuuyi, 3 dkyeHmom Ha Uio2o cmpamezidHy yHKUilo 3a6e3nedyeHHs WBUOKOCMI,
HadiliHocmi ma 2106a/1bHOI 38'A3HOCMI 8 YMOBAX MYbMUMOOASIbHUX JIAHYI02i8 NOCMAYaHHA. IHmMezpauyis
mexHosnoeili wmy4Hozo iHmenekmy (L) 8 enekmporHi cucmemu O0okymeHmoobiey (E[JM) cmaHosumeo
Ko4o8ul eman yugposoi mpaHcghopmayii nozicmudHoi eanysi. [[pomsazom ocmarHix n’amu pokie y €sponi
ma CLUIA cnocmepieaemobca nepexio 8i0 mpaduyitiHo2o efeKmpoHHO20 apxigy8aHHA 00 iHmMenekmyanbHoi
asmomamu3sayii ma npeduKMuUeHO20 ynpassiHHA OaHumu. Memoto 00CniOXeHHA € BU3HAYeHHA
3aKkoHoMipHocmel 83aemo0ii Mix mexHonoziamu LUl ma cucmemamu E[JM y nozicmuyi, @ makox nopigHaHHsA
MexXHO/I02i4HUX, pe2ynamopHUX i opaaHizayiliHux nioxodie YkpaiHu, €sponelicbkozo Coro3y ma CnosydeHux
Limamie Amepuku. Memo0os102i4HO0 OCHOBO O0C/TIOMXeHHA € NOPIBHAMLHUU i aHANiMUYHUU nioxio, wo
6a3yemobca Ha ogiyitiHux 38imax €C i OECP, aHanimuyi komnatiti KPMG ma ACCA, a makox HopMamusHUx
dokymeHmax Ykpaivu y cghepi yugposizauii. Pesynemamu nokasytoms, wjo 8 €C iHmezpauyis LUl ma EM
8idbysaemeoca 8 KOHMeKcmi 8nposadxeHHa Peznamenmy €C 2024/1689 «Akm npo wimy4Hul iHmenekmy,
AKUU YCMAHOBJTIOE PU3UK-OPIEHMOBAHy MoOesib pe2yosdHHA. Y CLLUIA po3sumok 8iobysaemeobcs nid eniusom
npusamsux iHeecmuyiti ma 2asysesux cmaHoapmis, mooi Ak YkpaiHa nepebysae Ha noyamkosili cmaoii
iMmnnemeHmauii makux pileHb, CMUKAYUChb i3 MexHOI0IYHUMU ma iHhpacmpykmypHUMu 6ap’‘epamu.
JosedeHo, wo sukopucmaHHa LI nidsuwye egpekmusHicme, npo3opicmes i 8i0N0GIOHICMb no2icMuYHUX
iHpopmayitiHux (DOKyMeHmMHUX) NOMOKi8, asmomamusye 38imHicms i nepegipky, CNpus€e yxsaseHH!o
cmpameziyHux pilieHb. ¥ cmammi 8U3Ha4YeHo 0CHOBHI nepelukoou 0/15 8nNpo8adXKeHHS — MexHiYHi 6ap'epu,
pezynamopHi 6ap'epu, a makox kaoposi ma opzaHizayiliHi 6ap'epu, wjo npu3sooaMes 00 MexHOI02iYHOI
pazmeHmavyii, npobnem cymicHocmi OaHux ma Oegiuumy keanigikogaHux kaopie. 3anpoNOHOBAHO
KOHUenmyasnbHy Mooesb 2apMoHizauii cucmem EAM Ha 6asi LUl y noeicmuyHux npouecax. OmpumaHi
pe3ysibmamu cnpuaioms GopmysaHHio po3ymiHHa poni LIy nidsuweHHi cmilikocmi, npo3zopocmi ma
KOHKYpeHmMoCcnpoMOXHOCMI 27106a/1bHUX J102iCMUYHUX JIAHY02i8.
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Introduction. Document management
systems have come a long way from
traditional paper-based to modern electronic
platforms designed to optimize business
processes and increase the efficiency of
information management.

The COVID-19 pandemic in 2020 became
a turning point for the global economy and a
catalyst for accelerated digitalization. The
logistics business, which largely depended on
paper document management, faced
paralysis of key functions: signing contracts,
exchanging primary documentation,
accounting and tax accounting were under
threat. Under these conditions, electronic
document management (EDM) turned from a
promising area into a vital element of
corporate infrastructure.

In the period 2020-2025, the EDM market
demonstrated stable growth in all regions,
but the nature of its development was
different:

— Ukraine - decentralized model based
on private operators ("BuacHo", EDIN,
M.E.Doc).

— Europe - Centralized model through
elDAS regulation and the Peppol network.

— USA - Corporate Leadership of Global
Providers (DocuSign, Adobe, Microsoft,
OpenText).

For ACCA members and professionals,
these topics are critically important: they
define not only current practice, but also the
requirements for competencies that are
valued and recognized internationally.

Today, the next stage comes to the fore -
the integration of artificial intelligence (Al) in
various industries, as well as in logistics, which
radically changes the very nature of
document management, moving from simple
digitization to the creation of an intelligent
digital ecosystem.

Analysis of the latest research and
publications. In recent years, the integration
of artificial intelligence (Al) with electronic

document management (EDM) systems has
emerged as a core component of digital

transformation across various sectors,
including logistics. According to the
Association of Chartered Certified

Accountants [1], technological innovation
and automation are reshaping information
management processes, moving from basic
electronic archiving toward intelligent data-
driven ecosystems. The ACCA Smart Alliance
Report [2] emphasizes that the convergence
of human professional expertise and machine
intelligence enables more adaptive and
sustainable management models, particularly
in data-intensive industries.

Helen Brand [3] argues that the
trustworthiness and transparency of Al
systems are fundamental prerequisites for
their widespread adoption in operational
environments. Her research highlights the
importance of Al  assessments in
strengthening  confidence in  digital
ecosystems. Complementing this, Brand and
Van Onselen [4] explore the ethical dimension
of Al implementation, linking responsible
adoption with the ESG (Environmental, Social,
and Governance) framework, which is of
particular relevance to sustainable logistics
and global supply chain operations.

From an applied business perspective,
KPMG [8] demonstrates that the integration
of Al in financial and operational
management has led to significant efficiency
improvements, primarily through automation
of document flows, risk assessment, and
predictive analytics. These findings can be
directly extended to logistics, where similar
document-heavy  workflows—such  as
shipment documentation, customs forms,
and supplier records—require intelligent
processing and compliance assurance.

The technological foundations of Al-
enhanced EDM systems are described in the
study by SmartPoint DMS [12], which outlines
the transformation from traditional EDM to
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intelligent document processing (IDP)
platforms integrating optical character
recognition  (OCR), natural language

processing (NLP), and large language models
(LLMs). Similarly, The Insight Partners [13]
analyze the European electronic signature
software market, noting that the European
Union demonstrates leadership in ethical Al
adoption and regulatory harmonization,
particularly under the EU Artificial Intelligence
Act (Regulation (EU) 2024/1689). By contrast,
the United States emphasizes technological
scalability and innovation-driven
competition, resulting in distinct trajectories
of Al development between the two regions.

At the national level, Onuchak [11]
investigates the role of digital workflow
automation in  Ukrainian  enterprises,
emphasizing that automation of routine
documentation tasks significantly enhances
operational efficiency. However, the author
points out challenges related to
interoperability, data security, and the limited
integration of Al tools in logistics and supply
chain documentation.

Despite the substantial body of literature
examining Al adoption in business and
administrative processes, there remains a
notable research gap in understanding the
integration of Al-driven EDM systems within
logistics operations, particularly through an
international comparative lens.

Existing research primarily addresses:

— technological and organizational
aspects of EDM transformation (SmartPoint
DMS, 2025; KPMG, 2024);

— ethical and governance frameworks
for Al adoption (Brand & Van Onselen, 2021;
Helen Brand, 2024);

— regional market and policy analysisin
Europe and the USA (The Insight Partners,
2025).

However, these studies do not sufficiently
explore the mechanisms by which Al-enabled
EDM  transforms logistics  workflows,
documentation accuracy, and decision-
making processes, the regulatory and
infrastructural differences between Ukraine,
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the European Union, and the United States in
supporting Al-based logistics documentation
and the interoperability and data governance
challenges that impede Al adoption in supply
chain document management.

Thus, the unresolved problem lies in the
lack of a holistic comparative framework that
evaluates the integration of Al and EDM in
logistics  across  different  regulatory
environments. Addressing this gap can
contribute to the development of a unified
model for digital transformation and
intelligent automation in global supply
chains.

Objectives statement. The primary
objective of this study is to analyze the
integration of artificial intelligence (Al) into
electronic document management (EDM)
systems within the logistics sector, and to
conduct a comparative assessment of
implementation strategies, technological
maturity, and regulatory frameworks in
Ukraine, Europe, and the United States.

Basic material and results. Recent years
have been an unprecedented Electronic
document management (EDM) is a
comprehensive system that ensures the
creation, transfer, signing, storage and
processing of documents in digital format.
The main goal of EDM implementation is to
optimize business processes, reduce time and
financial costs, and reduce the risks associated
with errors and the human factor.

In modern business, EDM covers a wide
range of documents: from financial and
accounting forms to HR documentation and
corporate solutions. The transition to
electronic formats allows organizations to
significantly speed up the exchange of
information, ensure the legal force of
documents and increase the transparency of
processes. Table 1 shows the main categories
of documents that are converted into
electronic format, as well as the mechanisms
used for signing in Ukraine, Europe and the
United States
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No. CEUBIET 0 UKRAINE EUROPE USA
documents
. . Invoices
Invoices Invoices Pavments
1. Financial Payments Payments y
Reports Reports Reports
Contracts
Supply Contracts
2. Legal of contracts Leases Contracts AContracts
. greements
Service Contracts
Employment Contracts Employment
3. Staffing Timesheets Contracts Employment Contracts
L . HR Documentation
Applications HR Documentation
4, Tax Tax Returns Tax Returns Tax Returns
Invoices . Invoices
- - Invoices .-
5. Logistics Shipping Documents . Shipping Documents
. Delivery Documents .
Delivery Documents Delivery Documents
Board Minutes .
Corporate Management Board Minutes
6. Board Minutes Management Reports
Management Reports )
. Resolutions
Resolutions

Source: compiled by the authors

Thus, EDM not only optimizes internal
processes, but also becomes a strategic factor
in increasing competitiveness, which is
especially important in the context of global
digitalization and the integration of Al in data
management.

Electronic document management (EDM)
offers significant economic benefits (see
Figure 1) by reducing costs through lower
paper and storage expenses, increasing
productivity = with faster access and
automated workflows, and mitigating
financial risks via improved security and
compliance. It also contributes to higher
profitability by allowing employees to focus
on higher-value tasks and by improving
operational efficiency through streamlined
processes.

Accordingly, automation of document
flow in business has become a trend in recent
years. Companies in various business sectors
use digital tools to work with documents
faster and spend less time on routine. For

example, electronic document flow services
automate the entire life cycle of an electronic
document - from creation to archiving. Let's
consider the main trends in the
implementation of a certain technology in the
context of different regions. In Ukraine, there
is no single state provider of services for
business, so the EDM market is formed at the
expense of private operators.

In Ukraine, the following operators are
accredited for the exchange of electronic
documents that work with QES (Qualified
Electronic Signature) and integration with the
Tax system:

— M.E.Doc;

— BuyacHo;

— Paperless;

— EDIN (e-TTN);

— Cora (iFin, Liga: REPORT);

— Dubidoc.
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Electronic signing and sharing reduce document approval time from days to minutes
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all

Automation reduces the impact of the human factor and the likelihood of losses

Transparency and control

Digital footprints and logs simplify auditing and compliance

Environmental effect

companies' ESG goals.

reducing paper workflow has a direct impact on reducing CO2 emissions and supports

Figure 1 - Comprehensive economic benefits of EDM to business
Source: compiled by the authors

Figure 2 presents the platforms that
are leaders in usage on the Ukrainian market.

We expanded our coverage on

a large scale in 2020-2025, among
especially in the small and
medium-sized business 2020).
segment.

oGiven the variety of services,

it is leading in terms of the
number of users and the
volume of signed documents.

it dominated

departments (especially before

eTraditionally,

Leader in logistics.

At the same time, the document
flow in terms of transaction
volumes (e-TTN) can be very
large, since each delivery is
accompanied by an invoice.

accounting

sRetains a significant market
share through tax reporting.

Figure 2 — The leaders in EDM industry in Ukraine
Source: compiled by the authors

Each of these platforms provides
solutions for creating, exchanging, signing
and storing legally significant electronic
documents using a qualified electronic
signature (QES), in accordance with the
requirements of Ukrainian legislation.

For the state, there is the state platform
Diya. The platform works mainly for citizens
and partly for government agencies. This
platform, although widespread among

citizens, is only partially integrated into the
business environment.

Thus, the EDM market in Ukraine is
developing rapidly, but remains fragmented,
decentralized and applied inconsistently on a
selective basis. Each company (EDIN, M.E.Doc)
develops its own Al modules, there is no
single standard. The war and remote work
have increased the demand for sustainable
digital solutions.
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Al is mainly applied as a supporting tool
and is not yet widely adopted due to
regulatory restrictions on the use of qualified
electronic signatures (QES).

In the EU, the situation is closer to
centralized.

In contrast to decentralized or
predominantly market-based models, the
European framework for the implementation
of EDI relies on institutional standards and
regulatory support that ensure a high degree
of legal reliability and cross-border
interoperability.

The key regulatory document defining
the framework for working with electronic
documents in the EU is the elDAS (Electronic
Identification, Authentication and Trust
Services) regulation. It establishes the legal
status of electronic signatures and classifies
them into levels of trust - from basic (SES) to
qualified (QES), which are equated to a
handwritten signature in court.

An  additional element of the
infrastructure is the Peppol (Pan-European
Public Procurement Online) network, which
provides a standardized exchange of
electronic invoices and contracts between
organizations from different EU countries.
This is critical for companies operating in
multiple jurisdictions and interacting with
public procurement or corporate partners ata
pan-European level.

The industry leaders in Europe are the
following platforms:

— Adobe,

— DocuSign,

OneSpan,

— Thales.

The European Commission's strategic
documents (including Digital Decade 2030
and the European Data Strategy) envisage
further consolidation of digital systems, the
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creation of pan-European data spaces, and
the strengthening of the role of Al in
document management. The focus is on
creating a single digital environment where
the exchange of electronic data and
documents will take place transparently,
safely and legally reliable.

In the United States of America, electronic
document management (EDM) has evolved
as part of the market's digital transformation,
rather than as a result of centralized
regulation. Unlike the EU or individual
countries with an active role of the state, the
American model is based on the initiative of
the private sector and the adaptability of
business to technological trends. This has
made the United States a global leader in the
commercialization of EDM and the
introduction of artificial intelligence (Al)-
based systems.

The development of EDM in the United
States is closely related to technology
corporations that provide cloud-based,
scalable, and integrable document
management solutions.

The industry leaders in the USA are the
following platforms, the main functionality of
which is shown in Figure 3.

— DocuSign,

— Adobe,

— OpenTex,

— Microsoft,

— IBM,

— Oracle

The U.S. forms the backbone of the global
DMS market, including Saa$S export solutions
and the development of industry standards.

Unlike eIDAS in the EU, the U.S. does not
have a single federal law governing electronic
signatures and document management.
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» offers comprehensive
EDM solutions

Figure 3 — The leaders in EDM industry in USA
Source: compiled by the authors

The main regulatory acts governing the
activities of these platforms are:

— ESIGN Act (2000) - recognizes the legal
force of electronic signatures.

— UETA (Uniform Electronic Transactions
Act) - Applied at the state level.

This system provides companies with
flexibility in choosing platforms, formats, and
procedures, but requires businesses to be
attentive to internal security policies and
compliance with industry regulators (For
example, IRS, SEC, HIPAA and others.).

The American EDM model is a
commercially oriented ecosystem based on
innovation, scalability, and user convenience.
The U.S. is showing how the free market can
quickly adapt to the demands of the digital
age, while actively shaping global standards.

Unlike EDM, Artificial Intelligence (Al) is a
technology that combines machine learning,
automatic image and speech recognition, and
data analysis. Al models are able to analyze
large amounts of information in a very short
time, draw conclusions, make decisions, and
interact with the environment.

This opens up wide opportunities for the
use of Al in various software solutions aimed
at optimizing key business processes,
improving efficiency, and increasing overall
profitability. One of the most effective areas of

application of Al is document processing,
especially when it comes to routine tasks
typical of traditional document management.
Sorting, classifying, extracting data, and
transferring information to the accounting
system are all tasks that require a lot of time
and labor, and are prone to errors and
duplication when done manually.

Al has different impacts on the
development of industries; the role of Al in the
development of EDM in specific countries in
the period 2023-2025 is shown in Figure 4.

A key advantage of Al-powered
document analysis is its ability to significantly
reduce manual operations, improve data
processing accuracy, and ensure consistent
performance. With fully automated metadata
extraction, these systems help speed up
document registration and  approval
processes while ensuring full compliance with
business rules, internal policies, and
regulatory standards.

Implementing an Al-powered document
management system is not just a step
towards digital transformation, it's a strategic
investment in the resilience, agility, and
competitiveness of your business in the face
of ever-increasing amounts of information
and data processing requirements.
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signatures, fraud attempts)
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commercial products and has
become part of the marketing
strategy

lifecycle

Figure 4 - The role of Al in development of EDM (2023-2025)
Source: compiled by the authors

Electronic document management and
the introduction of artificial intelligence are
becoming the most important factors in the
transformation of business and the financial
profession. However, the productivity of their
application largely depends on the extent to
which specialists have the same standards
and rules of work.

Technology has the potential to
revolutionize financial management
practices, but its value is only realized if
professionals have the knowledge and
competencies to apply it effectively.

Professional training is becoming a key
tool for adaptation. ACCA forms in
accountants not only technical skills in
working with EDM and Al, but also an ethical
understanding of responsibility for the use of
technology.

The future of the profession depends on
the willingness of specialists to cooperate
with artificial intelligence. The machine
provides speed and scale; professionals
ensure quality and trust.

Artificial intelligence (Al) has enormous
potential to transform the way we work.
However, as Al evolves, it presents both great
opportunities and major challenges for
accounting and finance professionals. For
companies, it is critical that financial

professionals have the same training and
understanding of the use of Al and digital
technologies. Standardization of knowledge
and practices reduces the risk of errors,
ensures transparency and strengthens trust
between counterparties.

Uniform qualifications allow accountants
to "speak the same language", which makes it
easier to implement Al tools and make them
as productive as possible.

For auditors, the importance of training at
ACCA lies in the ability to correctly assess the
correctness of the use of Al in accounting and
document management processes. Ethical
principles and uniform standards are the basis
for responsible Al implementation. Without
them, trust in digital systems and analysis will
be undermined. Thus, auditors need not only
to be proficient in digital analysis tools, but
also to be able to check whether the use of Al
meets professional and ethical standards.
EDM frees you from routine and transfers the
role of an accountant to analytics and
strategic consulting.

The USA is a leader in the development
and implementation of Al in various
industries, which is confirmed by the data in
Figure 5.



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

93-109
v.33 (2025)
https://smart-scm.org

GERMANY | < 7

FRANCE I -}.5%

NETHERLANDS . <450

SWITZERLAMD | /.71

ITALY e 7%

SPAIN I 3%

IRELAND N - -

Figure 5 — US vs. other countries: moderate or large degree of usage.

So, the development of artificial
intelligence (Al) opens up new opportunities
for the logistics industry, but its
implementation is associated with a number
of challenges, from cybersecurity to a
shortage of qualified personnel. Many
companies note that the limited skills of
employees in working with Al are becoming
one of the main obstacles.

The rapid development of Artificial
Intelligence (Al) and Machine Learning (ML)
has significantly transformed logistics and
supply chain management, especially for
sustainability and environmental efficiency
[5].

The integration of Artificial Intelligence
(Al) technologies into Electronic Document
Management (EDM) systems is becoming one
of the most significant trends in the digital
transformation of logistics in 2020-2025.
Document management, previously
perceived as a supporting function, is now
becoming the main source of data and
management information that can affect the
efficiency of the entire supply chain.

Al document management systems have
radically changed the logic of logistics [9]:

Source: [1]

— automated and predictive document
processing processes;

— decisions are made based on real-time
data;

— end-to-end transparency and cost
reduction;

— sustainable growth and digital trust.

DHL [6] frames logistics competitiveness
increasingly in  terms of how fast
organizations can interpret, reconcile and act
on supply chain data, rather than purely how
fast they can move physical goods. The
integration of Al and EDM turns logistics
networks into intelligent ecosystems, where
each document becomes a source of value
and management knowledge.

Current literature and industry reports [7]
agree that the core of the transformation is
formed by five technological areas of Al, each
of which directly affects electronic document
management.

1. Advanced Analytics. Al can help us
analyze and interpret data using
sophisticated tools and algorithms to gain
actionable insights and predictions beyond
the capabilities of traditional business
intelligence. The data empowers businesses
to plan more strategically, increase
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operational resilience, and gain a competitive
edge.

It's not just about reporting, but about
mathematical models that analyze
transactional documents (purchase orders,
invoices, bills of lading), identify patterns and
generate forecasts. Such models help plan
capacity, procurement, and logistics
resources, reducing supply volatility and
making the network more resilient. Studies
note that Al-powered predictive analytics
improve demand forecasting, inventory
management, and resource allocation,
increasing supply chain competitiveness by
reducing uncertainty.

2. Generative Al (Gen Al). Generative
models automatically generate text (delivery
status reports, summaries of contract terms,
explanations of delays), visual materials, and
even audio instructions. Industry reports
indicate that it is Al generating models that
are becoming critically important for the
automatic "translation" of complex logistics
documents into a management solution that
is understandable to management and the
client.

Al today can autonomously generate
new content - images, text, audio, or videos —
based on patterns learned from existing data.
Technology is on an explosive upward
trajectory, growing by 50% in 2023, and is
projected to compound this growth annually
through 2030. We expect GenAl to have a
huge near-term impact on logistics.

3. Computer Vision. Computer vision
tools use cameras to capture photos or videos
and Al algorithms to analyze the extracted
data. Basic systems are trained to simply
differentiate objects, while advanced systems
can track objects across viewpoints and learn
on their own. Recent breakthroughs even
achieve  prediction  through  pattern
recognition, with a wealth of enticing use
cases, especially in warehouse environments.

Computer vision links physical operations
(warehouse, ramp, distribution center) to
documents. Cameras record the condition of
loading units, barcodes, seals, fill out
electronic acts of acceptance/transfer and
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automatically confirm compliance with the
declared quantity.

4. Audio Al. Audio Al is about analyzing,
synthesizing, and understanding audio
signals. It allows machines to perceive,
process, and interpret sound in a manner
similar to human auditory systems. Audio Al
encompasses techniques such as speech
recognition, sound classification, and
environmental noise detection to enhance
human-computer interaction and support
predictive maintenance, fatigue detection,
process optimization, and more.

Voice interfaces and analysis of audio
streams allow operators to dictate real-time
data on delivery, cargo condition, damage,
and deviations. The Al system transcribes the
speech, structures it as an incident report
document, and immediately embeds it into a
digital archive [10].

5. Alethics. As Al rapidly scales up, ethical
considerations have become an important
near-term trend that examines the
implications of Al to ensure its responsible
development and deployment. Legislative
and regulatory responses are one aspect of
this. The security of data and algorithms, bias,
and transparency are others. The logistics
industry will likely face heightened regulatory
scrutiny in the coming years [6].

Al scaling inevitably leads to issues of
algorithm transparency, bias, and control over
the use of personal and commercially
sensitive data. In the EU, these issues are
already institutionalized through Regulation
(EU) 2024/1689 (the EU Artificial Intelligence
Act) and the GDPR; research papers from
2024-2025 emphasize that the credibility of Al
and the legal acceptability of automatically
generated documents are becoming as
important as processing speed. This defines
the requirements for auditing Al models and
for the reproducibility of document-based
solutions [7].

In Ukraine, the potential of Al systems in
logistics is especially high, because since
2020, several processes have been going on at
the same time: military and humanitarian
logistics, restructuring of import/export
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chains, and accelerated digitalization of
business documents through state initiatives
of electronic trust and Qualified Electronic
Signature (QES) Law No 2155-VIll "On
Electronic Trust Services".

The state policy of the digital state ("Lia")
and the development of the electronic trust
services market have created a regulatory and
technical framework for the transition to end-
to-end electronic document management.

The most promising areas for Ukrainian
logistics operators are:

— automatic generation of applications
for the search and approval of documents
between branches and the central accounting
department (centralized electronic archive);

— a legally significant electronic
document with a QES instead of a paper
acceptance certificate, recognized within the
corporate supply chain and, over time,
outside it;

— reconciliation of electronic documents
with ERP using Al, which reduces the burden
on accounting;

— integration of predictive analytics
(forecast of delays, stock shortages,
bottlenecks in transportation) into
operational supply management, and not
only into financial statements.

Despite the active development of
artificial intelligence (Al) and electronic
document management (EDM) technologies,
their widespread introduction into logistics
processes is largely constrained by the
existing  regulatory environment and
structural constraints. The legislative regimes
of Ukraine, the European Union and the
United States of America form different levels
of maturity and legal certainty, which directly
affects the integration of Al systems into the
electronic exchange of documents between
participants in supply chains.

These barriers are conventionally divided
into three groups, as presented in Figure 6.

Technical barriers are manifested in the
definition of the following obstacles, namely:

1. Lack of unified standards for electronic
document interchange. All three jurisdictions
have the principle of recognizing electronic
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documents as legally significant, but there is
no single international standard for the
exchange of logistics documents using Al.

In Ukraine, according to the Law "On
Electronic Documents and Electronic
Document Management" [14] No 851-IV
(2003), an electronic document is recognized
as equivalent to a paper one if there is an
electronic signature. However, there are no
uniform interoperability protocols with EU or
US systems, which makes automated cross-
border data exchange difficult.

In the EU, Regulation (EU) No 910/2014
(eIDAS) establishes requirements for qualified
electronic signatures and trust services.
However, this act does not contain specific
provisions for Al logistics platforms and their
interaction with automatically generated
documents, which leaves a legal gap in the
legal validity of Al-generated documents.

In the United States, the Electronic
Signatures in Global and National Commerce
Act (2000) recognizes the legal validity of
electronic signatures and documents but
does not regulate the algorithmic creation or
processing of such documents using Al.

2. Incompatibility of information systems
and data quality. The laws of all three regions
enshrine the obligation to ensure the integrity
and authenticity of electronic documents, but
do not establish technical standards for their
processing by Al systems. In the EU, this is
reflected in the Al Act 2024/1689, which
explicitly states the requirement of
"appropriate quality and representativeness
of data". However, there are no industry
guidelines for logistics, which creates
technical uncertainty, as these requirements
are often defined by corporate regulations
rather than state regulation. This makes it
difficult to integrate with international Al
platforms that require common metadata
schemas, APIs, and trust protocols.

3. Information security and infrastructure
resilience. In the EU, there is Directive (EU)
2022/2555 (NIS 2 Directive), which obliges
companies in the transport and logistics
sector to comply with cybersecurity
measures. In the United States, a similar
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requirement arises from the Cybersecurity and
Infrastructure Security Act (2018).
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Figure 6 - Integration barriers (technical, regulatory, and HR) that limit the effectiveness of
Al implementation in logistics workflow processes
Source: compiled by the authors

In Ukraine, there is no separate act
regulating cybersecurity in logistics, which
creates a gap in the integration of Al modules
into critical document management
processes.

Thus, technical barriers largely stem not
from a lack of technology, but from the lack of
globally interoperable standards for Al
processing of electronic documents and data
quality requirements in logistics.

Regulatory barriers are represented by
the following problematic aspects:

1. Differences in the legal status of
electronic documents and signatures. In
Ukraine, the Law "On Electronic Trust
Services" [15] No 2155-VIII (of 5 October 2017)
is in force, which provides for state
accreditation of trust service providers.
However, its effect is limited by national
jurisdiction: an electronic signature issued in
Ukraine is not recognized as valid in the EU or

the United States, which creates barriers to
international document flow in logistics [15].

In the EU, the mutual recognition
mechanism is provided for by elDAS, but it
applies only to the member states of the
Union. In the United States, the regulation of
electronic signatures and documents (E-SIGN
Act and Uniform Electronic Transactions Act
(UETA) varies by state, which gives rise to
heterogeneity of rules for cross-border supply
chains.

2. Lack of a legal definition of an "Al-
generated document”. In the EU, for the first
time, an attempt was made to legislate this
issue in the Al Act (2024/1689), which
introduces categories of systems according to
the level of risk and the responsibilities of Al
operators for transparency and explainability
of algorithms. However, the regulation does
not give a clear answer whether a document
created or processed by an Al system has
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independent legal force without human
confirmation.

There is no such definition in the
legislation of the United States and Ukraine,
which creates legal uncertainty for the use of
automatic classification and electronic
signing of documents without direct human
involvement.

3. Requirements for the protection of
personal and commercial data. The EU has
GDPR (2016/679), which restricts the
automated processing of personal data if it
leads to legal consequences. This directly
affects the use of Al algorithms in logistics
document management, where information
about customers, cargoes, and financial
transactions is recorded.

In the United States, data protection is
regulated at the level of individual acts, such
as the California Consumer Privacy Act (CCPA),
and does not have a single federal regulation.

In  Ukraine, similar principles are
enshrined in the Law on the Protection of
Personal Data (2023), but without detailed
procedures for Al systems, which limits trust
in the electronic processing of confidential
logistics documents.

4. Compliance and audit of Al systems. In
the EU, companies are required to
demonstrate that Al systems comply with the
principles of transparency and security, and
operators of "high-risk" systems are subject to
certification and external audits. This is
provided by Al Act 2024/1689 and Directive
(EU) 2022/2555.

In Ukraine and the United States, similar
requirements are still at the stage of
formation: there are no procedures for
mandatory certification of Al solutions in the
field of document management.

These differences create barriers for
companies operating in international logistics
networks, which are forced to adapt solutions
to different legal regimes.

Personnel and organizational barriers
include the following issues:

1. Insufficient training of specialists in the
field of digital law and Al governance. The
legislation of Ukraine, the EU and the USA
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does not have mandatory requirements for
professional certification of specialists
implementing Al document management
systems. However, regulations require
ensuring an  "appropriate  level  of
competence" of responsible persons:

— inthe EU, thisis enshrined in the Al Act
(Article 18 "Human Oversight and
Competence"),

— In the U.S., Al governance is largely
driven by soft-law instruments such as NIST’s
Al Risk Management Framework (2023),
rather than by a binding federal Al statute,
which means that compliance obligations are
often contractual and sector-specific rather
than universally mandated,

— in Ukraine - in the methodological
recommendations of the Ministry of Digital
Transformation on the use of electronic trust
services [14].

In practice, this means that the legal
responsibility for the correct use of Al rests
with the organization, but its employees often
do not have the necessary qualifications.

2. Lack of an internal compliance strategy.
The laws of Ukraine and the United States do
not require the mandatory implementation of
an Al risk management policy, unlike the EU,
where such an approach is provided for by the
Al Act. Therefore, Ukrainian and American
companies often do not have internal audit
procedures for Al-generated electronic
documents, and the roles of those responsible
for data quality control are not defined.

3. Resistance to digital change and ethical
aspects. Although regulations do not directly
regulate the cultural aspects of Al
implementation, the OECD Recommendation
on Artificial Intelligence (2021) and the Al Act
(EU) emphasize the need to ensure human
control and prevent discrimination in
algorithmic processes. In logistics, this is
expressed in the need to combine document
automation with the preservation of control
by specialists.

The conceptual model of harmonization
of electronic document management (EDM)
systems based on artificial intelligence in
logistics processes, shown in Figure 7, can
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potentially reduce the negative impact of the

identified barriers.
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Figure 7 - Conceptual model for harmonizing Al-based Electronic Document Management
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Analytical

layer - uses artificial

of electronic document management (EDM)
systems based on artificial intelligence in
logistics processes involves the creation of a
single integration space for the interaction of
all participants in the logistics chain -
suppliers, carriers, warehouses, distributors
and consumers - through a unified data
exchange platform.

The basis of the model is an intelligent
data management core, which performs the
functions of automated  processing,
classification, routing and verification of
electronic documents using machine learning
and natural language processing (NLP)
algorithms. This ensures compatibility and
harmonization of data formats between
different corporate systems (ERP, WMS, TMS,
etc.) and national or international EDM
standards (e.g. EDIFACT, UBL, XML, eCMR).

The model includes the following
structural components:

Information and communication layer —
provides message exchange between the
systems of the logistics chain participants via
API, blockchain or cloud services.

intelligence algorithms to predict transport
delays, optimize document flow routes and

detect anomalies or duplications in
documents.

Data management layer - provides
integration, normalization and

synchronization of information in real time
between all system nodes.

Security and verification layer -
implements digital signatures, biometric
identification and encryption technologies to
guarantee document integrity.

User interface - provides intuitive
document management, analytics and
communication between parties through
personalized dashboards.

The functional logic of the model is based
on the principles of harmonization:
compatibility, transparency, standardization
and adaptability. The use of Al provides
dynamic coordination of heterogeneous
document formats, automatic detection of
discrepancies and generation of
recommendations for their elimination. This
increases the level of digital integration of
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logistics processes, reduces document flow
time, minimizes the human factor and
ensures strategic transparency of the supply
chain.

Thus, the conceptual model of
harmonization of EDM systems based on Al
forms an intelligent ecosystem of logistics
data, in which electronic document flow acts
not only as a tool for information exchange,
but also as an active analytical resource for
managing logistics processes.

Conclusions. Between 2020 and 2025,
EDM has evolved from an "anti-crisis
measure" into a core element of strategic
business infrastructure.

The integration of Al represents next level
of maturity, transforming EDM from a time-
saving tool into an intelligent ecosystem.

Over the past five years, electronic
document management has become a key
driver of efficiency across regions:

— Ukraine has shown the ability to adapt
quickly even in wartime conditions.

— Europe provides a model of
harmonization through regulatory standards.

— The United States is a leader in the
commercialization of EDM and Al adoption.
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Looking ahead, the next stage will be the
rise of smart ecosystems, where Al becomes a
key element of document management,
auditing, and sustainability reporting.

The integration of Al into electronic
logistics document management systems
takes place in conditions of legal
heterogeneity.

Ukraine has a developed regulatory
framework for electronic documents and
signatures, but there are no regulations for Al
technologies yet. The European Union has the
most comprehensive regulatory system:
elDAS provides a trustworthy infrastructure,
the GDPR protects data, and the Al Act
introduces the responsibility of Al operators.
In the United States, the approach is more
flexible and decentralized: with the
recognition of electronic documents, Al
regulation is based on voluntary standards.

Thus, the effectiveness of the
implementation of Al in logistics document
management depends on the harmonization
of technical standards, the coordination of the
legal status of Al-processed documents and
the training of qualified specialists who are
able to ensure the compliance of systems with
national and international requirements.
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AIR CARGO TRANSPORTATION AS AN ELEMENT OF THE
RESTORATION OF THE AVIATION SECTOR IN UKRAINE AGAINST THE
BACKGROUND OF MILITARY OPERATIONS

Maryna Boldyrieva, Dmytro Shevchuk. «Air cargo transportation as an element of the restoration
of the aviation sector in ukraine against the background of military operations». The article examines the
negative impact of military operations in Ukraine on the functioning of the aviation sector as a transport
infrastructure object. There were identified the risks that exist today in connection with military actions in the
country. There was substantiated the relevance of the restoration of full or partial operation of the aviation
sector in Ukraine, which is one of the current urgent problems and requires a quick and optimal solution. There
were proposed the stages of logistics operations for an airport carrying out only cargo transportations. There
were established the prospects for optimal adjustment of airport operations for cargo transportation in wartime
conditions in Ukraine.

Keywords: airport, transport infrastructure, cargo transportation, logistics, military conflict

Mapuna bonoupeea, [Jmumpo LUleeyyk. «AgiayiliHi eaHmaxHi nepeee3eHHA AK eneMeHmM
8i0HOBJIeHHA asiayilino2zo cekmopy YKpaiHu e ymoeax 60€HHux Oili». Y cmammi po32aaHymo
HezamuseHull 8nsue gilicekogux 0ili 8 YKpaiHi Ha (yHKUIOHY8AHHA asiauiliHozo cekmopa Ak 06 ‘€ekma
mpaHcnopmHoi iHgppacmpykmypu. BusHayeHo icHyto4i Ha cb0200HIWHIl OeHb pU3UKU, WO Marme micye y
38'A3KY i3 BOEHHUMU 0ifMU 8 KpaiHi. O6rpyHmMoe8aHo akmyanbHicms Wo0o0 8i0HOB/IeHHA NOBHOUIHHOT ab6o
yacmkosgoi pobomu asiauyiliHozo cekmopy 8 YkpaiHi, Wo € OOHI€ i3 Ha2anbHUX npobriem Cb0200eHHA i
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nompebye weudKo20 Ma oNMUMAIbHO20 BUpPIlUEeHHsA. 3anpONOHOBAHO emanu J102iCMUYHUX onepayiti s
aeponopma, AKUl NPAyloe MinbKU 3 BAHMAXHUMU nepese3eHHAMU. BcmaroeneHo nepcnekmusu
ONMUMAnbHO20 HANA200XKeHHA pobomu aeponopmig 0515 30iliCHEHHA 8AHMAXHUX Nepese3eHb 8 yMOBaX

gilicokosux 0ili 8 Ykpairu.

Kniouoei cnoea: aeponopt, TpaHcnopTHa iHbpacTpyKTypa, BaHTaXKHi MepeBe3eHHs, JIOriCThKa,

BilNCbKOBUIA KOHOIKT

Introduction. According to the 2025
Global Peace Index (GPI) report by the
Institute for Economics and Peace (IEP), there
has been a continuing decline in global
peacefulness, with 59 active state-level
conflicts and over 180 regional armed
conflicts [1]. In addition to the enormous
human suffering, armed conflicts have a
negative impact on the economy through the
destruction of infrastructure, the
displacement and dislocation of trade, and
uncertainty about the future. This, in turn,
negatively affects the transport and logistics
infrastructure  of the state. Aviation
infrastructure is particularly vulnerable:
airports, cargo hubs, and air corridors are
becoming targets for damage and
restrictions. Under these conditions, airport
logistics are forced to adapt to new realities:
infrastructure destruction, airspace closures,
route changes, and a high degree of
uncertainty.

The protracted military operations in
Ukraine have halted the work of the aviation
sector in the country. Today, the question of
resuming the work of some airports despite
the continuation of military operations is
acute.

Airports are not just infrastructure
facilities, but key elements of economic,
humanitarian and security strategy. Their
timely reconstruction and development can
ensure a country’s dynamic return to normal
life, increase ist competitiveness in the
international arena and guarantee national
security.

This can be accomplished according to
several different models, one of which is to
envisage a partial recovery of cargo
transportations first, and then, under

favorable conditions, a partial recovery of
passenger transportations.

Analysis of recent research and
publications. The Russian military aggression
has caused significant damage to the territory
of Ukraine. According to the report, which
presents the results of the assessment of the
losses suffered by the Ukrainian economy as a
result of Russia’s military aggression for the
period from February 2022 to November
2024, the amount of direct damage to real
estate, other infrastructure, vehicles and
inventories amounted to almost $170 billion
[2].

The largest share of the total direct
damage was caused to residential buildings
(560.0 billion) and transport infrastructure
($38.5 billion). Infrastructure facilities became
one of the key areas that suffered the most
attacks from the aggressor. In particular, in
the first weeks of the war, Russian troops
carried out massive shelling of aviation
infrastructure, primarily airfields not only of
military, but also of civilian and military-
civilian (dual) purpose [2].

Today, despite the continued military
aggression by the Russian Federation, a
necessary prerequisite for the opening of any
airport in Ukraine will be the decisions of the
State Aviation Service of Ukraine — to open
part or all of the airspace. And this will depend
on the results of a thorough analysis of real
risks.

In this case the military component will
be essential — air defense forces and means, as
well as the formation of a fundamentally new
security architecture, which, through the
creation of a Joint Control and Coordination
Center between the military and civilians, will
allow risks to be managed and minimized to
an acceptable level.
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The experience of actions in the world
under similar circumstances has been
currently studied and tried to be applied in
Ukraine, actively involving international
experts [3].

The purpose and objectives of the
article. In current conditions, there is an
urgent need to resume the aviation industry
as soon as possible. However, given the
existing risks, it is first necessary to establish
the operation of airports exclusively for cargo
transportation, which, in turn, requires a clear
organization of logistics.

After all, logistics during military actions
requires flexibility, rapid adaptation to new
conditions, and coordination with armed
forces.

In the study ,Examining Airport Agility at
Air Cargo Hub Airports” there was shown that
the agility of a cargo hub airport depends on
digital transformation, flight services,
information exchange, and infrastructure
availability. In a military context, these factors
become even more significant, as
infrastructure is under threat, routes are
disrupted, and rapid logistics restructuring is
required [4].

Basic material and results. Since
February 24, 2022, the safe operation of civil
aviation ports for the transportation of
passengers and cargo has become
impossible. The aviation sector in Ukraine is
currently going through a difficult stage of ist
existence. However, despite all the existing
challenges, the industry continues to
function.

It is known that airports are compound
complexes with infrastructure and rolling
stock that require constant maintenance and
keeping in proper working condition. The
necessity of it is evident, since it is essential to
maintain the qualifications of workers and still
carry out transportations in the future; it is
required to take care of the infrastructure
constantly, to implement a set of measures to
maintain the operational and technical
suitability of the airport.

Also, one of the main reasons for the
continued operation of airports is a security
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reason - to prevent extraordinary accidents
and events of a technogenic nature that may
occur during shelling. This especially applies
to airports with the status of critically
important facilities: the state airport ,Boryspil”
and the Lviv airport named after Danylo
Halytsky [5]. Their preservation is a priority
issue in terms of security. Thus, the entire
period since the beginning of the war, the
airport’s operational activity has been taking
place without being noticeable from the
outside [6].

Currently, the import and export of goods
from remote countries of the continent, as
well as from the USA, is carried out by
multimodal transportation using aviation and
road transport [7; 8].

In modern conditions, logistics chains are
forced to change routes and look for
alternatives, which increases costs and
reduces efficiency. Cargo operations are
transferred through neighboring countries,
ground transportation is used after air hubs
abroad.

A previous analysis of cases of civilian
aircraft being shot down over conflict zones in
the past shows that there is no practice of
mandatory complete closure of airspace.

Today, flights can also be carried out from
airports classified as the highest risk. For
example, flights to Iraq are operated by
airlines from Middle Eastern countries; a few
local carriers operate flights to airports in
Yemen and Libya [9].

During wartime, the importance of
aviation logistics increases: cargo flights,
humanitarian aid, and military supplies
require fast and reliable movement.
Therefore, given the above, there is
confidence that airports may yet transition to
cargo operations during wartime in Ukraine. It
is worth noting that during military
operations, the optimization of airport
operations for cargo transportation has its
own specifics - priorities shift from
commercial efficiency to stability, security,
and flexibility of logistics chains.
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There are proposed stages of logistics
operations for an airport carrying out only
cargo transportation (Table 1).

Table 1. Logistics operations stages for an airport handling only cargo

Stage Definition

1. Cargo acceptance | Cargo arrives at the airport via

trucks, trains or airplanes.

2. Cargo sorting Cargo is  divided into
humanitarian,  military  and
commercial categories.

3. Cargo storage Temporary placement of goods
in  warehouses or mobile
containers.

Inspection and registration of
cargo, simplification of
procedures for humanitarian aid.

4. Customs clearance

5. Loading cargo for Preparation of cargo for
delivery transportation  (cars, ftrains,
planes).

6. Cargo distribution | Delivery of goods to final

destinations.

7. Monitoring and
reporting

Cargo tracking using GPS and
RFID, analysis of operational
efficiency.

Source: compiled by the authors

Logistics in such work will be aimed at
receiving, storing and sending humanitarian,
military and critical cargo, organizing reserve

Arrnival of military/

humanitarian cargo

[ > Inspection ||

b 7 - v

>

Resources and infrastructure

Unloading  zones, transport
corridors, air defense for
infrastructure protection.

Sorting lines, automated WMS
(Warehouse Management
systems).

Reinforced warehouses, cold
storage rooms for perishable
goods.

Separate  customs
inspection equipment.

Z0nes,

Loading zones, lifts, conveyors.

Truck routes, railway junctions,
air corridors.

Information  systems,  loT
(Internet of Things) devices for
tracking.

110-115
v.33 (2025)
https://smart-scm.org

Responsibility

Logistics services,
security services.

Warehouse staff, WMS
operators.

Warehouse managers,
security.

Customs services.

Loading operators.

Logistics coordinators

Analysts,
operators.

monitoring

warehouses and delivery routes, and quickly
reconfiguring processes to change supply

directions.

Distibution [

V

.\..- _,./-

Transportation

-\.,_ -./.

Figure 1 — Scheme of the cargo receiving and handling process
Source: compiled by the authors

The process of receiving and processing
cargo (Fig. 1.) ensures the efficient delivery of
military and humanitarian cargo and includes
the following stages:

- arrival of cargo (at this stage, the vehicle
with the cargo arrives at the unloading area,
where the goods are registered and
documents are checked);

- control and inspection (the process of
checking the cargo takes place, which
involves scanners, service dogs, x-rays and ist

division
supplies);
- distribution

by

into military and humanitarian

storage  zones

(accordingly, military cargo is sent to special
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hangars, and humanitarian aid, in other turn,
is distributed among warehouses);

- preparation for shipment (including the
formation of batches of goods, packaging and
labeling, as well as loading into transport - air
or road) [7].

It is obvious that in peacetime
operational or financial risks are crucial, but in
wartime they become systemic,
interconnected and directly affect the safety
of personnel, the stability of infrastructure
and the efficiency of logistics processes 10].
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A comprehensive understanding of these
threats is a key condition for developing an
effective risk management system that will
ensure the continuity of logistics processes,
which have always been accompanied by a
number of diverse risks, and with the
outbreak of the war, their number, probability
of occurrence, and severity of consequences
have increased many times over.

In the table below (Table 2) there are
presented the main types of risks arising from
the operation of airports caused by war.

Table 2. Classification of the main risks that arise during the operation of airports in wartime

Risk category

Description

Possible consequences

Security risks

Shelling, sabotage, missile strikes

Destruction of infrastructure, human
casualties

Logistical risks

Airspace closure, route disruptions

Supply disruption, cargo losses

Technological risks

IT systems failure, cyberattacks

Management violations, information

leaks
Financial risks High costs for repairs, security and Unprofitability, need for governmental
insurance support

Operational risks

Shortage of fuel, personnel, equipment

Capacity reduction

Social risks

Evacuation, stress, decreased motivation

High employee turnover

Source: compiled by the authors

It can be seen that it poses a significant
threat to the stable operation of airports.
However, it should be noted that over three
years of full-scale Russian invasion, most
enterprises have been able to withstand
numerous challenges and continue their
activities; and given the above, such a
development is possible for the aviation
sector.

Conclusions. Safe airport operations
during wartime require a combination of
military control, modern technology, flexible
routes, and airspace protection. The
experience of other countries can be adapted

in Ukraine to organize closed but controlled
air traffic.

Currently, it is not spoken about restoring
the volume of Ukrainian air traffic that existed
before the Russian invasion. However there is
a possibility of transferring airports to cargo
operations — one way to preserve the
functionality of the air hub and maintain the
country’s logistics. And this, in turn, will make
it possible to modernize the infrastructure
and prepare for post-war recovery with an
improved logistics base.
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MATHEMATICAL MODEL OF DECISION MAKING DURING
SEARCH AND RESCUE OPERATIONS AT SEA

Andrii Liamzin, Serhii Hodovaniuk, Iryna Borets, Viktoriia Klymenko. «Mathematical Model of
Decision Making during Search and Rescue Operations at Sea». The article considers the issue of increasing
the efficiency of search and rescue operations management at sea by applying the provisions of the queuing
theory. A mathematical model of decision support in the system of coordination of rescue units is proposed,
which takes into account the stochastic nature of the receipt of applications and the limited bandwidth of
service channels. Examples of calculations of the system functioning efficiency indicators are given, which
confirm the feasibility of using intelligent decision support technologies (IQ technologies) to increase the
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efficiency of the response of search and rescue services. The practical significance of the use of mathematical
modeling for reducing the time of information processing, making management decisions and transmitting
commands to executors in difficult sea conditions is substantiated.

Keywords: maritime transport, search and rescue operations, queuing theory, efficiency, decision-
making, 1Q technologies

AHOpili JIamsin, Cepeaili FodoeaHiokK, IpuHa bopeyb, Bikmopia KnumeHko. «MamemamuyHa
moodesnib npuliHAMMA piwieHb ni0 4ac NOWYyKoOB80-pAMYE8A/IbHUX onepayili Ha mopi». ¥ cmammi
pO327IAHYMO NUMAHHA NifBUWEHHA eheKmusHOCMI ynpassiHHA NOWYKOB80-pAMy8abHUMU onepayiamu
(TIPM) Ha mopi wiaxom 3acmocy8aHHA NOJIOXeHb Mmeopii MAaco8o2o 06C/1y208y8AHHA. 3aNPONOHOBAHO
MamemMamuyHy Mooesb NIOMPUMKU NpUulHAMMA pilieHs y cucmemi KoopOuHauil 0ili pamyeasnbHux
niopo30inie, Aka 8paxosye CMOXACMUYHUU Xapakmep HAOXOOXeHHA 3aA80K i O0bMeXeHy NnponyckHy
CNPOMOXHICMb KaHasnie o6c/y208y8arHA. HasedeHO Npukniaou po3paxyHKi8 NOKA3HUKI8 epekmusHoCmi
(pyHKUYiIOHYB8AHHA cucmemu, WO nidomeepoxylome OoYibHICMb BUKOPUCMAHHA iHMenekmyanbHuUx
mexHoozili  nidmpumku npuliHammsa piweHs (IQ-mexHosoeil) 078 nidsuwWeHHA onepamusHocmi
peazysaHHa cayx6 [IPM. O6rpyHmosaHo npakmuuHy 3HA4ywicme 3ACmMOCy8AHHA MAameMamuyHo20
MOOesI08AaHHA 0J181 CKOpOYeHHA 4acy ob6pobneHHs iHhopmauii, yxeaneHHA ynpasniHCbKUx piweHs i nepedadyi
KOMAHO BUKOHABUAM Y CK/TAOHUX MOPCbKUX yMOBAX.

Knioyoei cnoea: MOPCbKUI TPaHCMOPT, MOLIYKOBO-PATYBalNbHI onepawii, Teopids MacoBOro

06cnyroByBaHHs, ebeKTUBHICTb, NPUIAHATTA pieHb, |Q-TexHonorii

Introduction. Over the past decades, the
issues of ensuring the safety and efficiency of
maritime transport have become increasingly
relevant due to the intensification of global
cargo flows, the expansion of transport and
logistics corridors and the increasing
complexity of international transport
networks. The maritime sector remains one of
the most dynamic elements of the global
economy, accounting for more than 80% of
international trade. At the same time, with the
development of maritime transport, the
number of emergencies at sea is increasing,
requiring timely and clearly coordinated
search and rescue activities.

The efficiency of maritime search and
rescue operations is determined not only by
the technical readiness of forces and means,
but primarily by the quality of management
decision-making and coordination of actions
within the system. In practice, delays in
processing distress signals, forming response
priorities and distributing rescue resources
often lead to critical time losses, which
directly affects the results of rescue missions

[1, 2]. That is why the optimization of
management processes in the maritime
search and rescue system is an important
direction for increasing the efficiency of
maritime logistics and ensuring shipping
safety.

In modern scientific discourse, search and
rescue operations management is considered
as a component of logistics systems in which
information, material and human flows are
coordinated within a single management
loop. This approach corresponds to the
principles of adaptive logistics, which
considers transport and emergency and
rescue networks as dynamic systems with
limited capacity and stochastic nature of
functioning [3, 4]. From this perspective, the
process of receiving and processing rescue
requests can be described using the theory of
queuing, which allows us to quantitatively
assess the efficiency of the system and
identify bottlenecks in the use of resources.

Relevance of research is due to the need
to reduce the time for organizing and
conducting rescue operations, which directly
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depends on the efficiency of collecting,
processing and analyzing information, the
speed of decision-making and transmitting
commands to executors. The use of
mathematical tools in this context creates a
methodological basis for increasing the speed
of management decisions, determining the
optimal number of service channels and
predicting the behavior of the system at
different load levels [5-7].

In parallel, there is a steady trend in the
maritime industry towards digitalization and
the introduction of intelligent management
technologies that provide real-time decision
support based on data analytics and
predictive algorithms [8, 9]. The integration of
IQ technologies into the search and rescue
operations management system contributes
to increasing the adaptability of management
processes, minimizing response delays and
strengthening the resilience of maritime
transport systems to crisis situations.

Therefore, the scientific problem
addressed in the article is to develop and
substantiate a mathematical model of
decision-making in the maritime search and
rescue system, built on the principles of the
queuing theory and adaptive logistics. The
proposed approach combines theoretical
principles and practical mechanisms for
managing dynamic information flows and can
be used to increase the efficiency of maritime
coordination and rescue centers within the
integrated system of maritime transport and
shipping safety.

Literature review. The formation of the
maritime transport safety management
system as an integrated interdisciplinary field
is closely related to the development of
logistics, management theory and operations
research. Over time, maritime logistics has
evolved from a narrowly functional
understanding focused only on
transportation and shipping planning to a
strategic, systemic subject that encompasses
efficiency, safety and environmental
responsibility. This transformation is due to
the growing complexity of global transport
and logistics systems, the digitalization of
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operational processes and the need for
effective management of emergencies at sea
(1,2l

The theoretical basis for modeling
emergency situations and rescue processes at
sea is the queuing theory, which has been
actively used in transport research since the
middle of the 20th century. The classic works
of A. Erlang, D. Kendall and J. Little created a
mathematical apparatus for analyzing
random flows and service processes [3]. In the
maritime industry, these principles were
adapted for modeling the movement of sea
vessels, port processes, and later for
organizing search and rescue operations [4,
5].

Early research in the field of search and
rescue management was mainly
organizational, aimed at standardizing
procedures and creating an international
regulatory framework, in particular the
International Aeronautical and Maritime
Search and Rescue Manual (IAMSAR Manual),
developed by ICAO and IMO [6]. These
documents defined the structure of
coordination centers, the procedure for
information exchange, the division of
responsibilities and the decision-making
hierarchy. However, subsequent scientific
research focused on the stochastic nature of
distress signal flows and the need to use
adaptive mathematical models to improve
the efficiency of the management system [7].

At the end of the 20th and beginning of
the 21st centuries, a number of Ukrainian
scientists (Kondratyuk, 2020; Godovanyuk,
2020; Simonov, 2021) proposed applying
logistics principles to the management of
search and rescue processes at sea. They
considered the maritime rescue system as a
component of a transport and logistics
network, within which the coordination of
information and human flows determines the
overall efficiency of the system [8-10]. In this
context, the queuing model is used to
describe the flow of applications, determine
the probability of service, queue length, and
average response time.



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

Modern research proves that modeling
search and rescue operations requires a
combination of deterministic and
probabilistic approaches. Thus, according to
the conclusions of Bakharev and Khokhlov
(2020), the random nature of the occurrence
of emergency events at sea allows the use of
Poisson distributions and the exponential law
to model the flow of applications and the
duration of their service [11]. This makes it
possible to determine critical points of system
overload and its behavior under extreme
conditions, for example, during storms or
mass rescue operations.

At the same time, the development of
intelligent maritime logistics has led to the
introduction of digital and analytical
technologies into the process of managing
rescue operations. The use of simulation
modeling, machine learning, and real-time
decision support systems allows predicting
vessel movement routes, detecting
anomalies, and automating the coordination
of rescue units [12, 13]. Studies by Pagonis
and Balbo (2022), Shiryaev and Bogdanov
(2021) confirm that the combination of
mathematical modeling and artificial
intelligence-based analytics increases the
efficiency of marine emergency management
[14, 15].

From the perspective of logistics theory,
search and rescue management corresponds
to the concept of adaptive logistics, according
to which the system should respond flexibly
to changes in the external and internal
environment. As Trushkina and Dzvigol (2021)
point out, modern logistics systems are based
on the principles of flexibility, digital
integration and resilience, which are the main
factors of the efficiency of complex transport
networks [16]. Accordingly, the integration of
search and rescue systems into the broader
digital ecosystem of maritime logistics reflects
the global trend towards Logistics 4.0, which
is characterized by automation,
interconnectedness and predictive analytics
[17,18].

In addition, the concept of sustainable
and resilient logistics has become
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widespread, within which the management
of rescue processes should ensure a balance
between the speed of response, the rational
use of resources and the minimization of
environmental impact [19, 20]. International
organizations, in particular IMO and UNCTAD,
emphasize that digital transformation, the
implementation of intelligent systems, and
taking into account the human factor are key
conditions for creating resilient maritime
infrastructures  capable of effectively
responding to emergencies [21, 22].

Thus, the literature review shows that the
maritime search and rescue management
system is gradually moving from static
procedural models to adaptive, data-driven
systems that integrate logistics principles,
mathematical modeling, and intelligent
technologies. This evolution is shaping a new
interdisciplinary paradigm, within which
maritime transport safety management is
viewed as a field that combines logistics,
mathematics, computer science, and control
theory to achieve optimal levels of
responsiveness, coordination, and resilience
of maritime transport systems.

Purpose of research is to improve the
efficiency of search and rescue operations
management at sea by creating a
mathematical model of decision-making
based on the principles of the queuing theory.
This approach allows to quantitatively assess
the dynamics of information flows, determine
the load on the control system and justify
ways to reduce response time in the process
of rescue operations.

To achieve the purpose, the following
objectives were solved in the research:

- modern approaches to managing
search and rescue operations at sea were
analyzed;

- the possibilities of applying the
queuing theory to model the processes of
receiving and processing requests were
considered;

- the diagram of managing search and
rescue operations' logistical process was
developed;
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- examples of calculations of the main
indicators of the system's efficiency were
performed;

- conclusions regarding to the need of
implementing the intelligent decision-
making support technologies (1Q
technologies) in the field of maritime rescue
were formulated.

Research methodology is based on the
use of theoretical-analytical and
mathematical approaches. The main tool is
the apparatus of the theory of queuing, which
allows us to model the process of receiving
applications, assess the system load and
determine the probability of service failure. To
describe practical situations, elements of
simulation modeling and comparative
analysis were used, which made it possible to
assess the efficiency of the search and rescue
service under different load conditions.

The research is analytical in nature and is
based on the generalization of scientific
publications, official documents of the
International Maritime Organization (IMO)
and the results of our own calculations. The
conclusions obtained can be used to improve
the organizational structure of maritime
search and rescue services and increase the
efficiency of their work.

Basic material and results. One of the
key areas of improving the efficiency of
maritime  transport management and
ensuring shipping safety is reducing the time
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for organizing and conducting search and
rescue operations. This involves optimizing
the duration of the management cycle - from
collecting and processing information to
making  decisions and  transmitting
coordination commands to performers.

According to the logistical approach,
such optimization is considered as a process
of increasing the efficiency of managing
information flows, resources and actions
within a single maritime transport system.

The application of methods of the
queuing theory allows formalizing the
patterns of receipt, sequence and processing
of requests in the dynamic environment of
maritime transport [1, 30].

Let's consider the process of processing
requets for search and rescue operations
within the maritime transport logistics system
using the provisions of the queuing theory
(Fig. 1).

The system for organizing search and
rescue operations at sea can be considered as
an element of managing logistical flows in the
maritime transport system, which combines
information, material and human resources in
order to ensure the continuity of the process
of responding to emergency events. Such a
system operates on the principles of adaptive
management, where management decisions
are made taking into account the real state of
the load and the priority of tasks.

Channels information

Chy
Incoming - Chy
requests :> Dispatcher —| Service channels
| ~N
Refusal Queue Ch,

Figure 1 - Processing rescue requests using the principles of the queuing theory
Source: developed by authors
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Its structure includes a number of
interconnected stages typical for logistics
processes in maritime transportation:

information and analytical unit collects
and initially processes requests from vessels
that find themselves in difficult navigation
conditions;

coordination and dispatch center
(human or automated system) ensures
registration of requests, determines the
procedure for their execution, routes
information flows to executive units (State
Maritime Rescue Coordination Center,
Maritime Rescue Subcenter) and can form a
gueue in case of system overload;

queue-storage unit functions as a
regulator of logistical flows, ensuring
optimization of priorities and resource use;

service node forms the structure of
response channels according to the type and
scale of the event;

service channels reflect the operating
states of the system (“free”, “busy”,
“inoperative”) and determine the real
throughput capacity of the rescue network;

service refusal is the result of exceeding
the system's capacity or individual channels
failing, requiring management intervention
to reallocate resources.

In the event of emergencies at sea, one of
the key efficiency indicators of the maritime
search and rescue system is the timeliness
and quality of response to information flows
about disaster events. An appropriate
response requires not only the technical
readiness of units, but also a high level of
coordination, information interaction and
management consistency between all links
of the logistics system.

Effective management includes: prompt
reception of messages, rapid search
coordination, rational allocation of resources
and ensuring continuity of the management
cycle - from the receipt of a signal to the
completion of the rescue operation. Fulfilling
these conditions allows to significantly
reduce time, increase the stability of
functioning and efficiency of the maritime
rescue system.

116-126
v.33 (2025)
https://smart-scm.org

Requests for rescue operations are
received by the system at random moments
of time, which determines the stochastic
nature of the management process. Similarly,
the duration of processing each request
depends on the complexity of the situation,
geographical conditions, type of vessel and
other factors, therefore it has a random
nature. In terms of the queuing theory, the
receipt of each request to the system is
considered as the event, and the set of such
events forms the input flow. In turn, the
execution of requests and the completion of
operations constitute the output flow, which
reflects the throughput of the system and the
level of its organizational coherence.

The mathematical apparatus of the
queuing theory allows us to quantitatively
assess the efficiency of the logistical
management of the search and rescue
process depending on the characteristics of
the request flows, the selected discipline of
their service and the level of resource
utilization [1; 2].

The indicators obtained in the modeling
process make it possible to assess the
behavior of the system not only in the
conditions of a single event, but also in the
medium-run period, which is especially
important for resource planning and load
forecasting in the field of maritime
transportation.

In the research, the incoming flow of
information messages (requests) about
emergency situations at sea is considered as
the simplest flow of events. This approach is
appropriate, since it is the simplest flows that
most often describe the nature of the arrival
of distress signals in real conditions of
maritime transport operation.

In a search and rescue management
system, this means that the moment of
receipt of each request is random and does
not depend on previous events, which allows
the use of the Poisson model to estimate the
intensity of the flow.

The simplest flow of requests has the
following properties:



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

- randomness and independence of
events: the receipt of the next request does
not depend on the time of receipt of the
previous one;

- stationarity of the flow: the intensity of
the receipt of request () remains constant
during the analyzed period;

- constant average intensity: the average
number of requests received per unit of time
does not change within the selected
observation interval;

- ordinariness: at any given time, only
one request is received in the system; the
probability of simultaneous receipt of two or
more requests is insignificant;

- mass nature of the process: during
large-scale events (storm, accident, mass
accumulation of vessels), the number of
requests can increase significantly, but the
general pattern of the flow remains close to
the Poisson model.

The request of the simplest flow model in
the logistic analysis of maritime search and
rescue systems allows to quantitatively
describe the load on the control system, to
estimate the probability of overloading of
service channels, and to optimize the
distribution of resources in space and time.
This approach provides the basis for building
adaptive algorithms for responding to and
predicting situations in the field of maritime
transport safety.

As noted in [2], in most practical cases,
the efficiency of the functioning of maritime
search and rescue systems can be adequately
assessed by replacing complex non-
stationary request flows with simpler ones,
provided that they have the same intensity
density. This is explained by the fact that the
sum of a large number of ordinary and
stationary flows with different aftereffect
parameters forms the resulting flow, which in
its characteristics approaches the simplest.
Such an effect is analogous to the action of
the central limit theorem, according to which
the total influence of individual random
processes tends to normalize.

However, in real conditions of operation
of marine control systems, the flow of
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requests rarely remains stationary. The non-
stationarity of information flows is most
clearly manifested during the occurrence of
mass or sudden events - when the intensity
of incoming signals increases sharply. This is
typical for periods of increased navigation
activity, in particular in the summer, when
the number of small tonnage vessels, yachts
and passenger routes increases. Under such
conditions, the probability of accidents
increases, in particular, loss of control of
vessels during storms, damage to the hull, or
the need to provide emergency medical care
to the crew, which forms peak loads on the
maritime search and rescue system [2].

To ensure the stable operation of the
system in such conditions, indicators of the
success of the actions of the Search and
Rescue Service at Sea are used, which allow
assessing its efficiency from two interrelated
positions - operational reliability and
logistical productivity. The main indicators
include:

- maximum system throughput (the
number of requests that can be processed
per unit of time during extreme situations);

- average waiting time for request service
(minimization of downtime in the queue);

— service channel load factor (degree of
use of system resources);

- economic efficiency of the service
operation — maximizing the result from the
use of available resources in a given time
interval.

Comparative  analysis of different
configurations of the Maritime Search and
Rescue Service allows to determine the
optimal parameters of its functioning, to find
a rational balance between the speed of
response, reliability and resource costs, as
well as to formulate recommendations for
improving the structure of the service. Thus,
the integration of mathematical models of
mass service into management solutions
allows to increase the efficiency of maritime
logistics security systems and reduce time
losses during rescue operations.

To practically confirm the efficiency of the
request of the queuing theory provisions, we
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will consider a number of elementary
operations of managing the flow of requests
aimed at reducing the time for processing
information, making decisions and delivering
commands to the executors. The
implementation of these processes is
significantly influenced by random factors,
such as weather conditions, the number of
simultaneous emergency events or the
technical condition of rescue vehicles.

pi(t) — (/Iit) e—l-t

i!
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Let the Maritime Search and Rescue
Service receive approximately two requests
at random every 10 hours. Determine the
probability pi(t) flow of receiving an average
of four requests in 30 hours.

The probability flow of applications
received in a time period tis calculated using
the formula:

i=012,.. (1)

The following notations are introduce.d in formula (1):

A — intensity of requests: A = f—ohour = 0.2 (hour)™%;

t - time during which request were received: t = 30 hour;

i - number of requests (messages): i = 4.

Then:
(0.2~ 30)4

p4(t) = 4l

i.e. the probability flow of four requests
for service within 30 hours is p,(t) = 0.134.

In the second example, let's consider a
situation where the Maritime Search and
Rescue Service receives an average of about
1.2 requests per hour during extreme
conditions, during mass search and rescue
operations. The average duration of one call
is 10 service minutes.

-0.230 —

1296

—e ®=—-0.025 ~ 0.134.

24

It is necessary to determine the main
characteristics of the queue system and
evaluate the efficiency of its operation.

Input data:

- incoming flow of requests - the
simplest with intensity A = 1.2 (hour)™1,

- the intensity of the flow of service
requests has

u = 10(min)~! = 0.17 (hour)™1,

- service channel load factor: p = ﬁ = ~2 =7.06.

0.17
Probability of service of the request pser, = po = — =

Probability of service refusal p..; = p; =

1 1

- = 0.12.
1+p  1+47.06
= 2% _ p8s.
1+7.06

Thus, the system serves only 12% of calls, which is unsatisfactory.
Absolute system throughput A = A-pgery = 1.2-0.12 = 0.144 (hour)™ 1, that is, on

average, requests are served per hour.

The results obtained indicate that the
traditional model of information flow
management in the search and rescue service
does not meet modern requirements for
speed of response and adaptability. To
increase the efficiency of the system, it is
advisable to implement intelligent logistics

technologies (IQ which
provide:

- automated processing of incoming
signals in real time;

- analytical forecasting of the load on

service channels;

technologies),
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— optimization of the order and priority of
requests;

- integration of information flows with
marine vessel monitoring systems (AIS, SAR,
VTS).

Thus, the use of mathematical modeling
in combination with intelligent logistics
technologies allows you to create an adaptive
management system for maritime search and
rescue operations, which ensures reduced
response time, increased reliability of
solutions, and efficient use of resources within
the transport and logistics infrastructure of
the maritime sector.

Conclusions. As a result of the research,
it was substantiated that the application of
the queuing theory is an effective scientific
and methodological basis for optimizing the
management of search and rescue operations
at sea. The developed mathematical model
allows us to quantitatively assess the
efficiency of the system, taking into account
the random nature of the receipt of requests,
the limited throughput of service channels
and the stochastic features of maritime
emergencies.

It is shown that the simplest flow model,
which is based on the Poisson distribution,
adequately describes the statistical nature of
the receipt of rescue requests in maritime
logistics systems. This approach allows us to
assess the level of system loading, the
probability of service requests, the average
waiting time and the risk of channel overload,
which are key indicators of the operational
efficiency of rescue coordination centers.

The results of analytical calculations show
that in conditions of high intensity of
incoming signals, the current search and
rescue system is able to service only about
12% of incoming calls, which indicates a low
level of throughput and the need to
modernize the information and management
infrastructure.  This  necessitates  the
introduction of intelligent decision-making
support technologies (IQ technologies).

Such technologies provide automated
data processing in real time, analytical
forecasting of the load on service channels,
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dynamic prioritization of requests and
integration with vessel traffic monitoring
systems (AIS, SAR, VTS). Their implementation
increases the adaptability of management
processes and improves coordination
between units within maritime logistics
systems.

The scientific novelty of the research lies
in integrateing the principles of logistics,
cybernetics and management sciences,
forming a comprehensive model of adaptive
decision-making in the maritime transport
safety system. The research contributes to the
development of interdisciplinary methods
that combine mathematical modeling,
information flow management and risk
analysis within a single management
paradigm.

The practical significance of the results
obtained lies in the possibility of their use to
increase the efficiency of maritime
coordination and rescue centers, the creation
of digital emergency management systems,
as well as the modernization of training
programs for maritime specialists in the fields
of logistics and security management. The
proposed model can serve as the basis for the
development of intelligent search and rescue
operations management systems that can
optimize resource allocation and minimize
response time in conditions of uncertainty.

Prospects for further research include
empirical verification of the proposed model
in real-world conditions of maritime rescue
services, as well as the development of hybrid
algorithms that combine mathematical
modeling, artificial  intelligence, and
predictive analytics. Such research will
contribute to the creation of modern decision
support systems that integrate technological,
organizational, and human factors, increasing
the resilience and efficiency of the maritime
transport sector as a whole.
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INSTITUTIONAL BASIS OF AIR TRANSPORT ORGANIZATION:
CURRENT STATE AND DEVELOPMENT PROSPECTS

Olena Harazha, Dmytro Shevchuk. «Institutional basis of air transport organization: current state
and development prospects». The article analyzes the institutional foundations of the organization of air
transportation in the context of the current state and prospects for further development.

High-speed delivery of goods by aircraft provides advantages over other popular types of transportation
by land and water vehicles. The development of the air transport industry becomes the main factor in
strengthening the competitiveness of the transport complex of the national economy. The latest modern
information and communication tools of technological processes of processing, analysis and provision of
information provide wider opportunities for improving the quality of delivery of goods from the seller to the
buyer. At the same time, the issues of institutional support for international transportation, which involve the
location of departure and destination points on the territory of two different states or one country with an
intermediate stop on the territory of another state, while national transportation is carried out within the
borders of one country by licensed business entities on a paid basis, require in-depth study. own or leased
aircraft. After all, achieving efficiency from the organizational activity of air transportation is possible thanks to
the functioning of the institutional base, the development of which is becoming an extremely urgent problem
today.

The purpose of our work is to study the institutional foundations of the organization of international and
national air transport of passengers and cargo in the context of sustainable development of the national
economy of an individual state and globalization processes at the world level. The primary task of our research
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is to identify the challenges and prospects of institutional support for air carriers to improve the quality of
passenger service and international cargo delivery.

The disclosure of the purpose and the solution of the set tasks was carried out on the basis of comparative
legal and operational methodological approaches with a set of methods of abstraction, concretization,
formalization and analogy, induction and deduction. The statutes of international aviation organizations,
normative legal acts and rules, scientific developments of domestic and foreign scientists served as reference
material.

Based on the results of the study, three directions for the formation of the institutional foundations of the
organization of air transportation of goods at the international level were identified: development and
guarantee of the fulfillment of contractual conditions by air carriers when transporting goods by several modes
of transport; compliance with international quality standards for the provision of transport services by air
carriers in the context of fast and safe delivery of goods from the seller to the buyer; increasing the efficiency of
the transport activity of air carriers due to the optimization of cargo transportation routes taking into account
external and internal factors influencing the existing institutional environment. The prospects for the
development of institutional support for air transportation through the implementation of the best global
experience in the organization of air transportation are characterized; active participation in international
aviation organizations regarding the development of institutional norms and rules for air transportation of
cargo and passengers; strengthening of international economic cooperation, balancing the interests of business
entities of different countries, for which the rules of concluding international contracts and conducting
commercial transactions are important elements.

The key provisions of the institutional foundations of the organization of air transportation are
international aviation organizations and regulatory provisions regarding improving the quality of service and
flight safety, institutional support for the development of multimodal transportation and the creation of large
transnational transport hubs with the latest information and technological equipment.

Keywords: institute, contract, international cooperation, transport, air carrier, cargo, rules, standards

OneHa Tlapaxa, [mumpo Lllleguyk. «lHcmumyuyionaneHi 3acadu opeaHizayii asiayitinux
nepeseseHb: NOMOYHUU CMAH mMaA nepcneKmMueu po3eumky». Y cmammi daHanisylomeca
iHcmumyuioHaneHi 3acadu opeaHizayii asiayitiHux nepese3eHb 8 KOHMEKCMI Cy4ydcHO20 CMAHy ma
nepcnekmug Nooas1bU020 PO38UMKY.

LllguokicHa 0ocmaska 8aHmMaxie NO8IMPAHUMU CYyOHAMU HAOAe nepesgazu cepeo iHWUX NONYIAPHUX
8UOI8 MPAHCNOPMYBAHHA HA3EMHUMU mMa B800HUMU MPAHCNOpmMHUMU  3dcobamu. Po3sumok
agiampaHcnopmHoi  2asy3i CmMaAe 20/106HUM  YUHHUKOM  NOCUJIEHHA  KOHKYPEHMOCNPOMOMXHOCMI
MPAHCNOPMHO20  KOMNJIEKCY —HAUiOHAsbHOI  ekoHoMiku. HatiHosimHiwi  cyyacHi  iHhopmayitiHo-
KOMYHIKaUiliHi iHCmpymMeHmMu mexHoJs102i4HUX Npoyecie 06pobku, aHanizy ma Ha0dHHA iHgpopmauii Hadaromeo
wiupwi Moxnueocmi 0719 nNosinWeHHA AKocmi 0ocmasku saHmaxie 8io npodasys 00 nokynyd. BooHouac,
no2nubnieHo20 B8UBYEHHA nNompebylomb NUMAHHA HCMUMYUiOHA/IbHO20 3a6e3nedYeHHs MIiXXHAPOOHUX
nepese3eHb, AKi nepedbayarome po3miujeHHA NYHKMIg 8ionpasieHHA ma Npu3HavYeHHAa Ha mepumopii 080x
pi3HUX Oepxas abo OOHIEl KpaiHU i3 NPOMIXXHOI 3yNUHKOI Ha mepumopil iHWoi depxasu, a HayioHAAbHI
nepege3eHHA 30iUCHIOIOMbCA 8 MeXax OOHIEl KpaiHu NiyeH308aHUMU Cy6’eKmamu 20Cno0dprO8aHHA Ha
NamHili OCHo8i 8/1acCHUM NO8iMpAHUM CyOHOM abo y ni3uHay. 3pewmoro, 00cAzHeHHA e(hekmusHOCMI 8i0
opezaHizayitiHoi 0isneHocmi agiayitiHux nepese3eHb MOX/IUuBe 3a80AKU hyHKUIOHYBAHHIO iIHCMUMYYioOHA/IbHOI
6a3u, po38UMOK AKOI cMaAe Had38u4aliHO AKMyasnbHOK NPo61IeMOI0 Cb0200eHHH.

Memoto Hawoi pobomu € 8us4YeHHs iHCMUMYYioHAbHUX 3acad op2aHizauii asiayitiHux nepeseseHb
nacaxupie ma 8aHMaxie MiXHApoOHO20 MA HAYIOHA/IbHO20 DIBHA 8 KOHMeKCmi Cmasaoeo po38UMKY
HAUioOHA/IbHOI eKOHOMIKU OKpeMoi Oepxdsu ma 2ao6anizauitiHux npouecie c8imosozo pieHa. [loxioHe
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3a80dHHA HAWO020 00C/TIOXEHHA — BUABUMU BUKJIUKU MA Nnepcnekmusu iHcmumyuyioHanbHo20 3abe3neqeHHs
asianepesisHukie 014 ni0BUWEHHA AKocmi 00C/1y208y8AHHA NAcaxupie ma 00CMAasku BaHMAXie
Mi>XHApOOHOR20 piBHA.

Po3kpummsa memu ma 8upilleHHA nocmassieHux 3as0aHb NPOBEOeHO HA OCHOB8I NOPIBHAIbLHO-
Npagoso2o ma OiAsbHICHO20 Memo0002i4HUX NioX00i8 i3 CyKynHicmio Memoodie abcmpazy8aHHs,
KoHKpemus3auil, popmanizayii ma auanoeii, iHOykyii ma Oedykuii. [Jogiokosum mamepianom cniyzysanu
cmamymu MiXHAapoOHuUx asiayiliHux opedrizayiti, HOpMAamusHO-Npagosi akmu ma npasusda, HAykosi
PpO3pO6KU 8iMUYU3HAHUX i 3KOPOOHHUX 8YEHUX.

3a pe3ynemamamu 00cnioxeHHA 8udiieHo Mpu 0CHO8I HANPAMU (hOPMYBAHHSA IHCMUMYUYiOHATBbHUX
3acad opearisayii asiayiliHux nepegeseHb 8aHMAXi8 MiXHAPOOHO20 piHA: pO3pobKA Ma 2apaHmMyeaHHsA
BUKOHAHHA 00208ipHUX yMO8 asianepesisHUKamMu npu mpaHcnopmysaHHi 8aHMaxie dekinbkoma gudamu
mpaHcnopmy; OGOMPUMAHHA MiKHAPOOHUX CMAHOApmig AKOCMi HAOAHHA MPAHCNOPMHUX NOC/y2
asianepesi3HUKaMU 8 KOHmMeKkcmi weuokoi ma 6e3neyHoi docmasku mosapy 8i0 npodasysa 00 NOKynuys;
nidguweHHa egekmusHocmMi mpaHcnopmHoi Oia/ibHOCMI  asianepesi3HUKI8 3a pPaxyHOK onmumisayii
mapuwipymis nepegeseHb 8AHMAXI8 3 ypaxy8AHHAM 308HILUHIX MA 8HYMPIiWHIX hakmopie 8nusy iCHyt0H020
iHcmumyuyioHaneHo20 cepedosuuja. OXapakmepu3o8aHO nNepcnekmMusuU po38UMKY [HCMUMYYioOHanbHO20
3a6e3neyeHHs agiayiliHux nepege3eHs W/IAXOM 8nPo8adKeHHA HAUKpaujo2o c8imogozo 0oceidy opaaHizayii
asiayitiHux nepese3eHb; AKMUBHA y4acme y cknaoi caimosux asiayitiHux opaaHizayiti 3 npugody po3pobku
[HCMuUMyyioHa/sIbHUX HOPM Ma npasus asiayiliHux nepese3eHb B8AHMAXI8 MA nNacaxupie; 3mMiyHeHHs
MiXXHApPOOHO20 eKOHOMIYH020 ChigpobimHUUMBa, 8pisHOBAXYIOYU iHMepecu Cy6'ekmig 20CN00apio8aHHA
PIi3HUX KpaiH, 0719 AKUX 8AXXKAUBUMU eleMeHmamu Cmarome NpAagusid ykiaoaHHsA MiXXHaGpOOHUX KOHMpPAxKmis
ma nposedeHHA KoMepyiltiHux onepauid.

Knouosumu nonoxeHHAMU iHCMUMyyioHaabHUX 3acad op2aHizauil asiayitiHux nepese3eHb cmaromes
Mi>XHAPOOHI asiauiliHi opeaHizauii ma HOpMamueHO-NPABO8i NOJIOKEHHS CMOCOBHO Ni0BUWEHHS AKoCmi
obcny2o08y8aHHA ma 6esneku nosbomis, iHcmumyuyioHaneHe 3a6e3nedeHHsa po38UMKY MybMUMOOdTbHUX
nepeseseHb mMA CMBOPEHHA BE/UKUX MPAHCHAYIOHAIbHUX MPAHCNOPMHUX 8Y3/1i6 3 HOBIMHIM
iHhopmauyitiHo-mexHon02iYHUM 06/1IAOHAHHAM.

Knioyoesi cnoea: MOPCbKUI TPaHCMOPT, MOLIYKOBO-PATYBaNbHI onepauii, TeopiA MacoBOro
06cnyroByBaHHs, epeKTUBHICTb, NPUIAHATTA piweHb, |Q-TexHonorii

Introduction. Aviation is a modern fast
and comfortable mode of transport that
transports passengers and cargo to any
country in the world and has significant
competitive advantages over rail and road
transport systems. Therefore, the
development of civil aviation and the
organization of transportation become
priority issues at the national level of many
countries of the world. In turn, air
transportation and use of air space becomes
the object of regulation of national and
international law. Scientific and technical
achievements and the use of state-of-the-art
information and communication tools in the
latest technological processes of processing,
analysis, data accumulation and their

connections have become the driving force
for dynamic changes in national legislation in
general and in its individual branches, in
particular. Therefore, international
transportation  involves placement of
destinations on the territory of two different
states or one country with a stopover on the
territory of another state on the basis of a
contract, and national transportation is
carried out within the borders of one country
by licensed business entities on a paid basis
with their own aircraft or under leasing. After
all,  achieving efficiency from  the
organizational activity of air transportation is
possible thanks to the functioning of the
institutional base, the development of which
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is becoming an extremely urgent problem
today.

Analysis of recent research and
publications. The institutional foundations of
the organization of air transportation are the
subject of research in numerous works of
international and domestic scientists. O. M.
Kyrylenko, O. B. Naumoy, V. O. Novak, K. M.
Razumova [1], D. Bugayko, Yu. lerkovska [2], B.
Kenneth, G. McDougall [3] reviewed
regulatory changes affecting different parts of
the air transport supply chain, different
ownership models and ways of providing
traffic management and navigation services,
the formation of integrated air transport
associations, the concept of national aviation
risk management, as well as a number of
institutional measures: harmonization of
national regulation of air transport with the
requirements of global and regional levels,
development of mechanisms for commercial
protection of domestic air transport
enterprises, implementation of strategic
scenarios for the sustainable development of
air transport. J. Thums, L. Kiinzel, M. Klumpp,
M. Bardmann, C. Ruiner [4] investigated air
cargo logistics as a component of the latest
technologies and international cooperation,
the main developments in the cooperation of
people and digital systems, the safety of
human-technology interaction, and the
measurement of productivity due to
digitization in airports and the air transport
sector. A. Reynolds-Feighan [5] revealed the
influence of institutions on the development
of international aviation, the spatial
distribution of traffic (connections between

firm behavior, industry structure and
organization, as well as the spatial
manifestation of transport production

solutions at the national, regional and local
levels), the full cost of accessibility due to the
"efficiency-availability" compromise,
institutions for working with multimodal
transport and promoting international
combined transportation. B. Kenneth [6]
examined the activities of the Ryanair
"organization" in relation to other airline
"organizations" within the existing set of legal
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"institutions" created by the European Union,
as well as mergers and new forms of airlines.
K. Yokoyama [7] analyzed air transport
through the change of institutions and
customs of trade operations, as well as the
transformation of transactional institutions. A.
Odoni [8] studied changes in the international
and national regulatory environment of the
aviation industry, as well as the influence of
governmental and non-governmental
organizations (agencies and associations) at
the international and national level on
regulatory, supervisory or advocacy roles in
critical issues (security, economy, defense and
defense) of air transport. E. Schneider de
Almeida, H. Bettini [9] studied the
internationalization of airlines regarding the
institutional environment, hybrid forms of
organization and management, access of
airlines to international markets through
bilateral or multilateral agreements between
nations. A. Kuhait, S. Mohammed, M. Jasim
[10] studied airports from the point of view of
multi-functional institutions that perform
different activities and provide different
services. They proved that the performance-
based analysis method provides useful
information for the public management of
the airport, which allows it to make decisions
to increase productivity and improve the
implementation of various activities of the
airport, which positively affects the quality of
services provided to citizens. However, the
institutional foundations of the organization
of air transportation require a deeper study,
based on the significant scientific
achievements of scientists from many
countries around the world, which confirms
the relevance of the chosen topic.

The purpose of the article is to study the
institutional foundations of the organization
of international and national air
transportation of passengers and cargo in the
context of sustainable development of the
national economy of an individual state and
globalization processes at the world level. The
derivative task of our research is to identify
the challenges and prospects of institutional
support of air carriers to improve the quality
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of passenger service and international cargo

delivery.
Presentation of the main research
material. Modern institutional

transformation processes are determined by
constant changes in the institutional
environment under the influence of many
internal and external factors. The rapid
development of modern technologies creates
grounds for the formation of a decisive role of
the state as a regulator of social relations, a
guarantor and a controller of compliance with
established norms and rules. In particular, the
effective functioning of modern society
requires the creation of a competitive
development of the aviation industry.
Therefore, the organization of air
transportation is influenced by institutional
norms and rules, which are established thanks
to the state regulation of the aviation industry
for the implementation of its tasks, goals and
functions in a harmonious combination with
the private interests of individual citizens. At
the same time, the institutional regulation of
air transport involves the formation by law-
making international and national
organizations and institutions of a system of
creating favorable socio-economic relations
to guarantee the continuous development of
the chain of high-quality deliveries within the
air transport system, taking into account
multimodal principles with the highest social
significance highlighted [11]. Therefore, the
state acts as a guarantor of the existence and
organization of air transportation to ensure
the needs of the economy and the population
in obtaining transport services for the
economic development of regions and
increasing the level of providing citizens with
high-quality and safe aviation services.
According to the Law of Ukraine "On
Transport", air transport includes air transport
enterprises that carry out the transportation
of passengers, cargo, baggage, mail, aerial
photography, agricultural works, as well as
airports, airfields, aero clubs, vehicles, air
traffic control systems, educational
institutions, civil aviation repair plants and
other enterprises, institutions and
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organizations, regardless of the forms of
ownership, that ensure the operation of air
transport [12]. The aviation rules of Ukraine
"Rules of air transportation of cargo" apply to
all subjects of aviation activity and determine
the conditions of air transportation of cargo
and are mandatory for all subjects of aviation
activity [13]. The main document that
regulates the procedures and rules for
customs security of cargo transportation is
the Kyoto Convention [14], which is the Law
of Ukraine No. 227-V "On Ukraine's Accession
to the Protocol on Amendments to the
International Convention on Simplification
and Harmonization of Customs Procedures"
[15]. The Kyoto Convention envisages
cooperation between the state and business
on partnership terms to establish rational
relations between the interests of the state
and the private sector of the economy. In
accordance with the Special Annex, all stages
of cargo registration are established, from the
moment of their arrival at the customs
territory, temporary storage, transit, to the
moment of creation of economic customs
regimes for the purpose of processing,
temporary  importation, free  zones.
Prevention of offenses in foreign economic
activity has transnational features. Therefore,
the effective interaction of customs
organizations of different countries will
counteract the distribution of narcotics,
terrorist acts, weapons, evasion of customs
payments and other economic offenses. At
the same time, modern information
technologies will facilitate similar cooperation
between the customs services of Ukraine and
foreign countries. Based on the Kyoto
Convention, each state has the right to
independently justify and adopt a set of
norms and rules that correspond to its
economic environment and the level of
development of the transport system.
International economic cooperation
affects the development of the economy of
the state and the world, affecting the interests
of business entities of various countries, for
which the rules of concluding international
contracts and commercial transactions are
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important elements. In accordance with the
Law of Ukraine "On Foreign Economic
Activity" dated April 16, 1991, a foreign
economic agreement (contract) is a materially
executed agreement between two or more
subjects of foreign economic activity and
their foreign counterparties, aimed at
establishing, changing or terminating their
mutual rights and obligations in foreign
economic activity [16]. Therefore, two
features of the conclusion of the contract are
distinguished: firstly, one of the subjects is a
foreign entrepreneur, secondly, the
fulfillment of special conditions must be
observed. The written form of the contract
usually prevails. At the same time,
international commerce contains various
contracts in which the content and structure
are formed under the influence of the type of
foreign  economic  transaction.  Thus,
insurance contracts, transportation, loans,
licensing, franchising, exchange and leasing
agreements, foreign trade contracts of sale,
contract, etc. are distinguished.

Institutional regulation of the conclusion
of international agreements is carried out by
the International Chamber of Commerce
through the development and distribution of
collections of "International rules for the
interpretation of trade terms" - Incoterms,
which contain a single set of international
rules and trade terms at the international
level. Therefore, Incoterms allows you to
avoid differences in the interpretation of legal
provisions of transport concepts of different
countries. In the process of concluding
agreements on the transportation of goods,
the following must be determined: the name
of the port of loading (unloading) of goods,
transshipment  point, cargo transfer;
substantiation of the terms of the charter or
bill of lading; providing information about the
arrival of the vessel at the port of loading
(unloading); inspection of the vessel in
accordance with the provisions of its
readiness for the ability to carry out cargo
transportation. Therefore, the use of
Incoterms rules is regulated by Clause 4 of
Article 265 of the Economic Code of Ukraine
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[17], Article 14 of the Law of Ukraine "On the
Application of Special Measures Regarding
Imports to Ukraine" [18], Article 8 of the Law
of Ukraine "On Transport and Forwarding
Activities" [19], Clause 2.19 of Article 2 of the
Law of Ukraine "On State Support of the
Agriculture of Ukraine" [20], Article 9 of the
Law of Ukraine "On Protection of National
Product Producers from Dumping Imports"
[21].

The organization of the delivery of goods
from the place of shipment to the place of
destination is regulated by Incoterms in the
context of three key transport provisions:

1. Determination of the share of transport
costs between the seller and the buyer for the
delivery of the goods. Therefore, in the
process of concluding the contract, the
analysis and grouping of the buyer's and
seller's expenses is carried out with the
precise determination of the moment of their
liability at the route point in time and space.

2. Correlation of responsibility for the
risks of cargo delivery between the seller and
the buyer. At the same time, the moment of
transfer of risks of loss, damage and
accidental death of the cargo from the seller
to the buyer during its transportation from
the place of shipment to the place of
destination is discussed and agreed upon.

3. Determination of the date of delivery of
goods to the buyer. Therefore, the event of
receipt of the goods by the buyer is
substantiated by the moment of actual
transfer to the possession of the buyer from
the seller of the goods or to the disposal of his
representative (transport organization). At
the same time, compliance with the seller's
compliance or non-compliance with the
terms of delivery of the goods to the buyer is
analyzed.

Obviously, the economic efficiency of
foreign economic activity is directly related to
the correctness of the choice of means of
transport, the route and the basic conditions
for the delivery of goods from the seller to the
buyer. Therefore, there are two types of duties
of the seller (minimum and maximum).
According to the first type, where the
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minimum actions of the seller include the
preparation of the goods for shipment: put
the goods in packaging, prepare the
container with the packaged goods, mark the
product units. At the same time, the buyer
must take responsibility for transporting the
goods from the place of production to the
place of consumption. According to the
second type, where the seller is responsible
for the maximum actions on the
transportation of goods, the basic terms of
delivery with or without payment of customs
duty are determined.

The basic concepts of the organization of
cargo transportation by air transport are
regulated by the Air Code of Ukraine [11].
Therefore, cargo is property that s
transported by aircraft, but excludes mail,
supplies on board the aircraft and
accompanying baggage. Cargoes are divided
into several categories, among which
dangerous ones are highlighted, that is, those
that are a threat to health, property, safety
and the environment. The procedure for the
transportation of dangerous substances and
products is regulated by the Aviation Rules
[13] and the Air Code of Ukraine [11], which
state that the air carrier must operate on the
basis of a license, and personnel must be
trained in the handling of dangerous goods.
At the same time, increasing the
competitiveness of cargo air carriers
strengthens the information technology
component, which helps to develop the
transportation route in advance, develop a
business plan and optimize it, and save time
and paper media. The most modern methods
of institutional management are
implemented by the International Air
Transport Association (IATA). Therefore, IATA,
based on EDI standards, developed and
implemented the EFreight (electronic freight)
technology. The positive aspects of this
technology are the reduction of time spent on
processing information, the reduction of the
cost of work in monetary terms, and the
optimization of transportation routes.
Obviously, the main advantage is that the
state and the air carrier exchange information
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exclusively in electronic form. Logistics
management of air transportation regulates
the integrated cargo flow, not separately
allocated cargo transportation. In the process
of transportation of various types of cargo, a
unified approach to financial-economic,
information-service characteristics in space
and time is applied not only to the aviation
network of carriers, but also to railway,
automobile, sea and river companies, as well
as redistribution and sales agents and
distributors goods Therefore, regulation of
the cargo flow of the airline involves:
determination of key points of the
transportation route, speed and time of
transportation, calculation of income from
additional areas of service. The institutional
framework for the regulation of cargo air
transportation includes regulations from the
International Air Transport Association (IATA),
the International Organization for
Standardization (ISO); International Civil
Aviation Organization (ICAO), European
Union Aviation Safety Agency (EASA), Federal
Aviation Administration (FAA), which are
organized by the European Aviation Safety
Agency and the US Federal Civil Aviation
Administration; by the ISAGO industry
standard IATA Safety Audit for Ground
Operations.

On the one hand, modern air carriers
ensure the quality and transparency of cargo
and passenger transportation services, and on
the other hand, try to identify and level the
challenges of external and internal factors of
the institutional environmentin order to meet
the needs and expectations of both individual
customers and large stakeholders in a timely
manner. The institutional basis of the
organization of air transportation is based on
the quality management system of entities
whose sphere of activity is related to the
maintenance of air transport, execution of
work processes, measurement and
comparison of real parameters with
normative ones. Therefore, the effectiveness
of the business of aviation enterprises
becomes the main criterion for achieving the
development strategy of both an individual
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enterprise and the industry as a whole. At the
same time, when organizing the
transportation of goods, they must be divided
into critical and secondary ones. Institutional
management of air carriers provides for
compliance with the requirements and
regulations of international standards and
recommendations.

At the current stage of society's
development, the state's aviation industry is
going through crisis phenomena: a pandemic
and martial law. The coronavirus pandemic
affected not only the aviation industries of
individual countries, but also the entire world.
Large global airlines made losses, but were
able to refocus in time. Small regional aviation
companies were completely ruined. After the
end of the pandemic in 2023, the demand for
air transportation increased so much that it
exceeded the supply. This prompted a rapid
increase in the industry's profitability. In
Ukraine, the aviation industry went from one
crisis state (pandemic) to another (military).
During the first, the aviation industry
functioned poorly, and during the second, it
completely closed. Since the beginning of the
political-military conflict, aviation
infrastructure has been the object of massive
shelling. Active attacks were carried out on
civilian, military, and civil-military airfields.
European partners anticipated the possibility
of a military invasion. Therefore, since mid-
February 2022, insurance organizations
around the world have refused or suspended
insurance of Ukrainian aircraft. As a result,
flights of international air carriers to our
country were canceled. At the same time, the
state came to the defense of aviation
companies, providing additional financial
guarantees to support the aviation market.

Flights in airspace were suspended due
to the full-scale invasion. The main missile
strike fell on airfields in order to eliminate air
defense. The total number of airfields was 35,
of which 19 suffered significant damage. 12
civilian airfields were destroyed. Similar
destructive damage was suffered by dual-
purpose aviation facilities, that is, civil-
military, in the amount of 17 airfields. Some
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airfields were subjected to repeated missile
attacks. Therefore, damaged airfields should
be examined in detail to identify their
technical condition and draw up an estimate
for their restoration. The preliminary expert
assessment of damaged airfields is 2.04 billion
dollars. To this should be added losses from
non-operating air lines for the transportation
of passengers and cargo. During the political
crisis, financial revenues from passenger
traffic ceased. The expert assessment of losses
from non-operating air transportation of
passengers and cargo is 5.3 billion dollars [22].

The primary tasks of restoring the
aviation industry consist of several important
stages. First, calculating losses and creating
financial funds for restoration work. Second,
carrying out work on the reconstruction and
reconstruction of regional airports that would
meet modern technological requirements
and ICAO standards. Third, with the
development of the aviation industry, it is
necessary to build additional airports
according to world standards. Fourth,
launching ICAO audits regarding the
guarantee of aircraft safety on flights and civil
aviation airports to ensure the safety of
passengers, airport workers, aircraft in the sky
and at airfields, certification of aircraft and
pilots, investigation of accidents and
incidents. Fifth, the formation of highly
qualified personnel to ensure world standards
of quality of passenger service and cargo
delivery.

The world economy is developing under
the influence of globalization processes in the
transport complex and receives a significant
contribution from the aviation industry,
which provides a wide range of services to
changing customer requirements. Therefore,
there is a diversification of typical business
models, which has increased the level of
passenger service and cargo transportation to
enter the international market. Thus, new
market directions have appeared by reducing
the cost of transportation: low-cost, which
covers short, medium and long distances of
transcontinental flights; economy class,
which provides more comfort for little money;
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premium class, which is called the model of
smart consumption and provides comfort to
the passenger; cargo transportation, which
has grown on the basis of the development of
world trade in the Asia-Pacific region. The
main reasons for the growth of air
transportation have been an increase in
household incomes, the well-being of the
population and the profitability of the
manufacturing sector of the economy.
Therefore, there is an economic readiness to
expand air transportation, which is hindered
by political disputes between countries and
the lack of common infrastructure.

Modern trends in the impact of aviation
enterprises on the environment and public
health have become the basis for research in
recent decades. At the global level, leading
associations of airlines, airports, and aviation
enterprises are developing the main
directions of environmental policy aimed at
reducing negative environmental impacts

and carbon emissions, increasing
environmental efficiency, environmental
sustainability ~of aviation companies,

compensation systems for environmental
protection  measures, and improving
environmental performance. The
introduction of innovative solutions in the
aviation industry involves: the use of biofuels,
energy-efficient engines, carbon offsets
through financing reforestation funds, and
wildlife protection.

In connection with the development of
air transportation, the need for highly
qualified personnel who have high-tech
knowledge of the latest technologies and
high-precision equipment used on aircraft,
their maintenance, passenger service at
airports, at aircraft construction plants, etc. is
expanding. The main potential of the aviation
industry is made up of highly qualified pilots,
the need for which is growing every year.
Therefore, the main factors in increasing the
demand for aviation industry specialists are:
increasing the volume of aircraft maintenance
and service, rejuvenation of human resources,
increasing the technological equipment of
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aircraft, which require a new generation of
pilots.

The rapid development of world aviation
and the growing demand for passenger air
transportation require maximum safety of
passengers and their luggage during air
travel. Therefore, modern airports
simultaneously solve the problem of
increasing the efficiency of processing
traveler data and compliance with global
security standards. For this purpose,
biometrics has been introduced in the
aviation industry, which helps to observe and
determine  body  measurements and
calculations. Obviously, airport security is able
to track passenger data very quickly and
accurately, thereby reducing waiting times
and avoiding queues. The most common
types of biometric measurements are:
fingerprints, retinal scans, facial recognition.
In general, the latest developments help to
conduct human health monitoring, which
involves automatically determining and
measuring temperature, rapid testing for viral
infections with the formation of a single
database that can be used by different
countries to identify the movement of viruses.

The introduction of artificial intelligence
to facilitate the work of pilots by creating an
intelligent cockpit, which helps ground
operators have data on the status of various
key indicators of the aircraft and make
decisions in real time. Thus, direct
communication between the cockpit and
ground operators allows: to prevent
disruptions to the flight plan based on the
analysis of a set of factors and determining
flight delays or cancellations, identifying the
necessary aircraft maintenance upon landing,
the need for refueling; mitigating the
consequences of flight cancellations, which
involves creating an adjusted plan. At the
same time, the formation of the infrastructure
for connecting to the cockpit requires
significant investments, which in the future
should have an economic payback through
the level of passenger satisfaction and
effective management of resource potential.
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Thereby, reducing the costs of the aviation
industry and carbon emissions.

The majority of overhead costs in air
transportation are maintenance costs, which
include a system of comprehensive
inspections of aircraft, their maintenance,
repair,  replacement, installation  of
components, upgrades and modernization.
Direct costs include labor resources and
logistics, which are also included in aircraft
maintenance. Indirect costs include losses on
unplanned maintenance due to delays or
cancellations of aircraft flights. Therefore, the
modern direction is “smart” maintenance,
which allows you to systematize the
workplaces of aviation engineers and
technicians, who quickly and accurately
diagnose technical problems and reduce the
time to eliminate them. To implement smart
maintenance, the following are used: drones
for external inspection of aircraft; “digital
twin” technology, which online monitors the
external condition of the aircraft and creates
its virtual copy at the time of flight in the air
with all the shortcomings that need to be
eliminated on the ground. In the modern
aviation environment, flight safety takes first
place. Therefore, advanced technologies are
aimed at improving safety standards in the
aviation industry. One of the main methods is
aircraft testing and continuous improvement
of aviation rules and standards. The aviation
construction industry uses the latest
materials. Therefore, composites are used
instead of aluminum and aluminum alloys.
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Thus, the strength, safety and operational
performance of the aircraft are ensured. At the
same time, an improved testing system for
newer materials will allow the aerospace
testing market to develop. Modern aviation
associations require compliance with global
standards and regulations based on
compliance with regulations and are
confirmed by certificates and licenses.
Specially authorized management bodies in
the aviation industry collect and analyze
safety data to identify risks and make
forecasts in order to prevent accidents. The
product of the combined efforts of scientific
aerospace research and operating airlines is
the improvement of the testing process and
updating of safety standards. It is obvious that
a new direction for the aviation industry is a
partnership that ensures the prevention of
aviation incidents. The aviation environment
in  Ukraine is focused on restoring
infrastructure and transforming airlines into a
global market for passenger aviation services
and aircraft maintenance to increase capacity.
Current trends in the aviation industry
show a recovery after the pandemic and a
gradual increase in air passenger and cargo
transportation in Europe. As data for the
period 2019-2023 show, air cargo
transportation in the European Union
decreased by up to 96%, and passenger
transportation by up to 94% (Table 1).

Table 1. Transport of passengers, cargo and mail in the European Union for the period 2019-

2023
Years 2023/
Indicators
! 2019 2020 2021 2022 2023 kS
%
Air transport of goods by 13739927.90 | 12426 326,60 | 15045040 | 1386251010 | 1314108910 | 96
country, tonne
Alr transport of passengers | 4 o1 41983 | 276758108 | 373809763 | 815689131 | 973032747 94
by country, passenger

Source: [24]

Air transportation is an integral element
of the transport system of the global

economic infrastructure, which allows for the
rapid and efficient movement of cargo, mail
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and passengers to any point in the world.
Unfortunately, international armed conflicts
become obstacles to the development of the
aviation industry, especially civil aviation,
negatively affecting flight safety, the
economic sustainability of air routes and the
functioning of airports. Armed conflicts
directly affect air traffic in various regions of
the world. As a result, many airlines reduce
routes and increase fuel and operating costs.
At the same time, the closure of airspace due
to military operations is important for
ensuring the safety of civil aviation flights.
Knowing their locations, alternative routes
for commercial flights are developed.
However, it negatively affects the cost of air
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transportation and the loss of many
customers due to high ticket prices and
longer flight times. Armed conflicts provoke
the threat of terrorist acts and require
increased security measures both on the
ground and in the air. At the same time, crews
must adhere to special safety protocols when
crossing dangerous areas. Air transport
insurance is associated with increased
insurance premiums due to increased risks in
the context of hostilities. Therefore,
increased insurance costs force insurance
companies to refuse due to large financial
losses (Fig. 1).

Figure 1 - World map of armed conflicts
Source: [25]

However, armed conflicts affect the
aviation industry in the long term even after
they end. Because the restoration of
destroyed infrastructure does not happen in
one day, additional funds are needed to
restore airlines, restore the airline brand after
a negative reputation, restore passenger
confidence in flights in areas that have been
under fire, additional costs for advertising and
dissemination of truthful information about
flight safety in the media. Therefore, a very
important element of resolving this issue is
international cooperation, the legal basis of
which is written in the Chicago Convention,

which contains the main rules governing civil
aviation cooperation at the international
level.

Conclusions.  Regulation of the
economic activity of various agents takes
place on the basis of institutional mechanisms
that balance the interaction between
institutions and institutes in the aviation
institutional environment. Thus, institutions
establish the rules of the game in society and
govern repetitive interactions. At the same
time, modern legal support for the
organization of air transportation of
passengers and cargo is based on the national
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legislative base and international legal acts.
Among cargo transportation, the most
common combination is a combination of air
and road transport. Therefore, multimodal
transportation is aimed at the maximum
reduction of cost and delivery time based on
the implementation of the most optimal
route. The key factors of multimodal
transportation include the type of cargo, the
final destination of cargo delivery and the
terms of transportation to the buyer. The state
becomes the guarantor and controller of the
adopted norms and rules. The institutional
basis of air transport consists of air transport
enterprises and organizations. At the same
time, the Kyoto Convention provides for
cooperation between the state and business
on partnership terms with the aim of
combining the interests of the state and
business regarding the stages of customs
clearance of goods in foreign economic
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activities with transnational features. The
interests of economic entities of different
countries regarding the transportation of
goods are taken into account in the foreign
economic  agreement. An  important
institution in the field of concluding
international agreements is the International
Chamber of Commerce, which develops a
single set of international rules and trade
terms (Incoterms). The promising directions
of the institutional foundations of the
organization of air transportation are the
development of a single international
normative and legal framework for regulation
and the implementation of best practices in
the transparency and quality of organizations
of air transportation of passengers and cargo
at the national level, strengthening of
European integration and international
cooperation.
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NpomMuC/108020 cUmMbio3y 8 YKpaiHi, 3 aHanizom tio2o posni y popmy8aHHi 3acad YUPKynApHOI eKOHOMIKU ma
Nic/IAB80EHHO20 BiIOHOB/IEHHA eKOHOMIKU Oepxxasu. BucgimneHo ocHO8HI nepesa2u cumbiosy 071 YKpaiHCbKUX
NpoMUCIIO8UX NIONPUEMCMS - 8i0 3HUXEHHA 8UPOBHUYUX 8UMPAM i YMBOPEeHHA HOBUX 0xepes1 00x00y 00
nidguweHHA eKoso2iYHoi 6e3neku 8UPOBHUUMBA MA KOHKYPeHMOCNPOMOXHOCMI HA MiXHAPOOHUX PUHKAX.
Ocobnusy ysazy npudineHo 83demMoOii 6i3Hecy, epomMad, opaaHie Micyeso2o camospAdy8aHHA, d MAKOX
0ocgidy 8nposadxeHHs eko-iHOycmpianbHUX NAPKi8 y pi3HUX pezioHax KpaiHu. OKpecseHo 0CHO8HI bap’epu —
MexHOo/02i4HI, [HppacmpykmypHi, 3akoHO0dsYyi ma MomugayiliHi — Wo CMpUMylomMb pPo3BUMOK
NpomMucsI08020 cUMbIO3y, a MAKOX 06rPyHMOBAHO hepcnekmusu nodadsbLU020 MacuimabysaHHa yiei moderi
3 Ypaxys8aHHAM cheyuiku HayioHabHOI eKOHOMIKU U Cy4acHuUx 2106aabHUX mpeHOis cmasno2o po3sumky.
Cmamma micmumbe NpakmuyHi pekomeHOauii ujo0o yOOCKOHAIeHHA PO38UMKY iHGpacmpykmypu ma
MexaHi3mie cCmumyno8aHHaA chisnpayi 8 Mexax cumbiomuyHUX Mepex.

Knioyoei cnoea: npomucnoBuin cnmbios, pecypcoedeKTUBHICTb, EKOJOTiUHICTb, LMPKYNApHa

eKOHOMiKa

Introduction. Industrial symbiosis is one
of the essential tools for implementing a
circular economy, which replaces the
traditional linear “take-make-dispose” model
with a closed-loop system. In this system, the
waste of one enterprise becomes a valuable
raw material for another. This approach is
crucial for the transition to sustainable
development, combining economic
efficiency with environmental responsibility.

Industrial symbiosis is an integral part of
industrial ecology, based on the principle of
cooperation  between industries  that
traditionally operate separately. The core idea
is the exchange of materials, energy, water
resources, and by-products between
enterprises. This concept follows the laws of
natural ecosystems, where the waste of one
organism serves as a source of resources for
another, forming closed cycles with minimal
losses.

Industrial symbiosis is defined as
integration between different enterprises, in
which they share resources, energy flows, or
residual  products. Such  cooperation
contributes to the creation of industrial
ecosystems with closed loops of material and
energy flows. As a result, the efficiency of
production processes increases, the negative
environmental impacts decreases, and new
economic ties develop.

The implementation of industrial
symbiosis systems helps reduce enterprises'

costs for energy and material resources
through rational resource exchange and
waste reuse, which directly enhances their
competitiveness. This approach leads to a
significant reduction in industrial waste and
pollution, supporting the circular economy,
and promotes sustainable development
solutions. The emergence of new business
models and cluster cooperation opens up
access to additional sources of income and
innovative partnerships, as well as creating
additional jobs.

Analysis of recent studies and
publications. Ukrainian and foreign scientists
are researching the topic of industrial
symbiosis, developing both theoretical
foundations and practical cases of applying
this approach for the transition to a circular
economy and sustainable development.

The problems of integration between
different enterprises, in the process of which
they jointly use resources, are considered in
foreign and domestic works by scientists,
including V. Dykan [1], M. Melnikova [2], T.
Domenech, R. Bleischwitz, Marian Chertow, T.
Domenech, R. Bleischwitz, A. Doranova, D.
Panayotopoulos, L. Roman [3].

The studies conducted prioritize the
environmental impact of industrial symbiosis
with its associated benefits, including the
conservation of local resources and the social
consequences associated with improving
living conditions.
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Identification of previously unresolved
parts of the overall problem. Ukrainian
industry  requires  renewal,  resource
optimization, and the implementation of
ecological standards during infrastructure
reconstruction.

The growing shortage of primary
resources and energy carriers, as well as
environmental challenges, necessitates
seeking models for the effective utilization of
all types of flows. Therefore, industrial
symbiosis is strategically important for the
sustainability of the country's economy.

For regions with strong industrial
traditions, long-term synergistic exchange
allows for the development of local clusters
and the attraction of foreign investment,
stimulating recovery and sustainable
development.

The development of eco-industrial parks
and integration into European circular
economy chains strengthens Ukraine's
position in the global market and prepares
industries  for  future  environmental
requirements.

Formulation of the article's objectives.
The purpose of the study is to analyze and
develop proposals for the introduction of
industrial symbiosis within the context of
sustainable development.

Presentation of the main research
material. Industrial symbiosis is a model of
collaborative economy where enterprises
exchange resources, waste, and services to
increase efficiency and reduce environmental
impact. A key feature is the exchange of by-
products flows, where one company's waste,
by-products, energy (such as heat), water, or
chemicals are utilized by others as raw
materials, thus avoiding disposal and
reducing the need for primary resources. This
model is based on a collaborative network
involving several companies, often from
different industries, at the regional or cluster
level, coordinated through platforms or
organizations such as regional hubs. This
coordination includes the exchange of
information, technology, and infrastructure.
Economic efficiency is realized through the
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reduction of costs associated with raw
materials, energy, and disposal, which
increases profitability and creates new
sources of income, for example, through the
sale of waste as raw materials. Environmental
sustainability is achieved by reducing waste,
CO, emissions, and pollution, promoting a
circular economy where resources are reused,
and helping to achieve the UN's Sustainable
Development Goals (SDGs).

Innovativeness and flexibility stimulate
the development of new technologies for
purification or processing of waste, as well as
new business models, allowing the network
to adapt to market changes. Social and
regional integration ~ supports  local
communities  through  job  creation,
infrastructure development, and increased
regional competitiveness, which requires
trust, contracts, and regulatory support.
Finally, scalability allows for starting with a
small number of businesses and expanding to
industrial parks or national networks, making
industrial symbiosis a powerful tool for
transitioning to a green economy.

Industrial symbiosis is viewed as an
integrated model of interaction between
enterprises aimed at increasing resource
utilization efficiency through the smooth
exchange of material, energy, and water flows
and the shared use of infrastructure. One of
the basic characteristics of industrial
symbiosis is the geographical proximity of
participants, which contributes to the
optimization of logistics costs and ensures the
convenience of resource exchange; at the
same time, this feature is not mandatory, but
it enables the formation of more sustainable
interaction networks.

Open communication and trusting
relationships between the parties are critical
factors for the success of symbiotic
relationships, as only effective cooperation
can lead to sustainable mutual benefits. The
participation of companies from different
sectors of the economy helps broaden the
spectrum of potential exchanges, forming
cross-sectoral interaction, which, in turn,
leads to the widespread implementation of
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innovative solutions. Innovativeness s
manifested, in particular, in the development
of new approaches to by-product processing
and the creation of technologies for their
secondary use.

All decisions regarding the organization
of industrial symbiosis must meet the criteria
of economic feasibility for each participant, as
financial effectiveness is precisely what
ensures the motivation of enterprises to
participate in exchange processes and
integrate into symbiotic networks.

The implementation of circular economy
principles within the framework of industrial
symbiosis occurs through the transformation
of waste into resources, which minimizes the
consumption of primary materials. Exchange
mechanisms include [4,5]:

— material exchange, in which by-
products (slag, ash, gypsum, biomass, etc.)
become raw materials for other production
processes,

— energy exchange (transfer of excess
heat, steam, or electricity between
enterprises),

— water exchange (use of treated
wastewater for technological or cooling
purposes),

— shared use of infrastructure (collective
use of treatment systems, pipelines, and
equipment).

Thus, industrial symbiosis creates a
powerful tool for implementing sustainable
production models, integrating
environmental and  economic  goals,
generating added value by optimizing
resource flows, and strengthening the
competitiveness of enterprises within the
circular economy.

The main tool is the creation of eco-
industrial parks — specially organized areas
where enterprises collaborate to solve
environmental and resource challenges.
These parks include infrastructure that
facilitates resource sharing, centralized
treatment systems, and digital platforms
designed to identify opportunities for
cooperation.
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The economic benefits of industrial
symbiosis are significant and multifaceted,
which makes it highly attractive to business.
First of all, it reduces costs by decreasing the
volume of primary raw materials purchased
and lowering waste disposal costs. In
addition, by-products previously perceived as
waste can become new sources of income -
they are sold or used to create new products,
forming new business models and market
opportunities.

The use of industrial symbiosis leads to
increased resource efficiency: the utilization
of energy, water, and materials is optimized,
which translates into higher productivity and

enterprise competitiveness while
simultaneously reducing the negative
environmental impact.

Industrial  symbiosis is a crucial
component of the modern economic

development model, allowing enterprises to
achieve significant economic, environmental,
and social benefits within the circular
economy. The primary stimulus for businesses
is cost reduction - using by-products as
secondary raw materials reduces resource
procurement expenditures and waste
disposal costs. By-products, previously seen
as liabilities, are transformed into sources of
income: they can be sold or utilized for the
development of new products, opening up
new opportunities for companies in the
market.

Optimizing the use of energy, water, and
materials increases overall resource efficiency,
which translates into increased productivity,
reduced environmental impact, and
improved competitiveness.  Additionally,
establishing symbiotic relationships reduces
dependence on unstable external markets
and raw material price volatility, which is
critical for businesses in times of geopolitical
instability and resource scarcity [6].

The environmental benefits of industrial
symbiosis are reflected in a significant
reduction in greenhouse gas emissions,
thanks to reduced demand for new materials
and more efficient energy use.
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Reusing materials reduces the extraction
of primary raw materials, which helps to
conserve natural resources, especially scarce
and non-renewable ones. Waste is
transformed into resources, which
significantly reduces the amount of materials
sent to landfills or incinerated - materials
remain in economic circulation for as long as
possible. The exchange of water and energy
resources ensures rational use and reduces
overall consumption in industrial regions [7].

The social and innovative effects of
implementing industrial symbiosis are
equally important. The exchange of resources
between enterprises from different industries
creates favorable conditions for cross-sector
cooperation, stimulates cross-fertilization of
ideas, accelerates the development of new
products, and leads to unexpected
technological solutions. The development of
circular industry sectors, such as recycling,
remanufacturing, and waste management,
contributes to the creation of new jobs and
the improvement of professional skills,
diversifying the economy and strengthening
social capital. Successful industrial symbiosis
initiatives attract investment, stimulate
employment, promote the formation of
circular economy clusters, and create a
favorable environment for businesses
focused on sustainable development. Active
participation of companies in resource
efficiency and waste reduction programs
improves their corporate image, increases
customer loyalty, and facilitates access to
environmentally oriented financing.

Thus, industrial symbiosis integrates
economic, environmental, and social aspects,
creating added value and ensuring the
sustainable development of businesses and

regions.

Despite its numerous advantages,
industrial ~ symbiosis  faces  significant
challenges that limit its widespread

implementation. One of the most significant
obstacles remains the lack of trust between
partners — companies are often reluctant to
share production information and waste data
due to confidentiality concerns.
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Insufficient technological and
infrastructural readiness also plays a
significant role: the lack of specialized
equipment, transport, and processing
systems complicates the implementation of
symbiotic networks. The lack of financial
incentives and regulatory support from the
state reduces the motivation of enterprises to
participate in symbiosis, and fluctuations in
the quality and volume of by-products create
additional risks for investors and disrupt the
stability of supply chains. The increase in
transaction costs associated with
coordination, partner search, and exchange
system setup requires improvements in waste
pricing models, strengthening the role of
industry associations, and taking into account
the territorial location of enterprises.

Industrial symbiosis is of strategic
importance for the circular economy, as it is
not only a tool for reducing waste, but also the
foundation for the systemic transformation of
industrial ecosystems. The implementation of
the key principles of the circular economy -
maximizing resource value, eliminating
waste, and regenerating natural systems -
allows for the formation of more sustainable
and adaptive economic models. Symbiotic
networks, eco-industrial parks, and cross-
sector clusters expand the possibilities for
scaling circular solutions, providing a
multiplier effect and systemic impact at the
regional and national levels. The experience
of successful cases, such as the Kalundborg
symbiosis in Denmark or various international
initiatives, acts as a catalyst for the global
expansion of industrial symbiosis practices
(8].

For Ukraine, industrial symbiosis is
particularly important in the context of post-
war recovery, European integration, and
changing economic priorities. Saving primary
resources is one of the most important
advantages in the post-war period, when
there is an urgent need to increase resource
efficiency and optimize infrastructure
reconstruction. The implementation of a
circular economy creates conditions for
transformation of the national economy into
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a more sustainable and environmentally
friendly one, contributes to the conservation
of valuable resources, the development of
new employment sectors, and the increase in
competitiveness  for  both individual
enterprises and the country as a whole. The
transition to circular economy models is an
important step for Ukraine on its path to
European integration and sustainable post-
war growth. The recycling of industrial waste
into building materials, the combination of
symbiotic solutions with smart specialization
of urban projects and urban planning allow
for the most effective utilization of the
symbiosis potential for saving primary
resources during reconstruction.

Conclusions. In summary, industrial
symbiosis is a central element of the circular
economy, transforming production waste
into  valuable  resources, stimulating
innovation,  creating new  economic
opportunities, and providing significant
environmental and social benefits. It is not
only a method of resource optimization, but
also a systematic approach to building a more
sustainable, competitive, and
environmentally responsible industry, which
is crucial important for the global transition to
sustainable development.

Industrial ~ symbiosis is  gradually
becoming one of the leading trends in the
development of the modern economy,
introducing innovative approaches to
resource utilization, stimulating cooperation
between enterprises, reducing waste, and
simultaneously opening up new economic
prospects. The practices of advanced
countries and the application of symbiotic
models demonstrate that this strategy
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provides significant economic benefits,
including reduced costs, increased
competitiveness, optimization of material,
energy and water consumption, and the
creation of additional sources of income. At
the same time, industrial symbiosis plays an
important role in environmental protection
by contributing to the reduction of emissions,
waste, and the conservation of natural
resources, which is fully aligns with the
principles of the circular economy.

For Ukraine, the implementation of
industrial symbiosis is extremely relevant in
the context of post-war reconstruction,
economic modernization, and integration
into the European economic space. The
creation of sustainable symbiotic networks
between enterprises from different industries
will not only save scarce natural resources and
reduce environmental impact, but also
generate additional competitive advantages
for Ukrainian producers in European and
global markets. To unlock this potential, it is
necessary first and foremost to strengthen
trust between business partners, develop
infrastructure, ensure state support for
innovation, and improve the regulatory
framework in accordance with the needs of
the circular economy.

The large-scale implementation of
industrial symbiosis in Ukraine can become a
powerful catalyst for the systematic
modernization of the national economy. The
transition from the traditional linear model to
a resource-efficient and  sustainable
development strategy will facilitate the
country's integration into contemporary
global trends and meet the requirements of
sustainable development.

References

1. Dykan V.L. (2023) Visnyk

ekonomiky

transportu i promyslovosti. URL:

http://lib.kart.edu.ua/bitstream/123456789/16816/1/Dykan.pdflib.kart.



The electronic scientifically and practical journal 140-146
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.33 (2025)
ISSN 2708-3195 https://smart-scm.org

2. Melnykova M.V. (2022) Promyslovyi symbioz v umovakh povoiennoho vidnovlennia
ekonomiky mista. Ekonomika ta suspilstvo, Ne44. 2022. URL:
https://economyandsociety.in.ua/index.php/journal/article/download/1884.

3. State-of-the-art report on Industrial Symbiosis (EU review). URL: https://www.liaise-
action.eu/wp-content/uploads/2024/11/D1.1-State-of-the-art-report-on-Industrial-Symbiosis-
topic-and-its-different-subareas_v1.pdfliaise-action

4. Industrial symbiosis: turning waste into value in industrial networks. August 14 2025. URL:
https://asuene.com/us/blog/industrial-symbiosis-turning-waste-into-value-in-industrial-
networks.

5. Paché, G. (2024). Kalundborg Industrial Symbiosis: Circular Strategy in the Light of
Mutualism.  Journal of Strategic Innovation and Sustainability, 19(3). URL:
https://articlegateway.com/index.php/JSIS/article/view/7330.

6. Sustainability Directory. What Are Symbiosis Economic Benefits?  URL:
https://pollution.sustainability-directory.com/question/what-are-symbiosis-economic-benefits.

7. Ernest A. Lowe. Creating by-product resource exchanges: Strategies for eco-industrial
parks. URL: https://www.sciencedirect.com/science/article/abs/pii/S0959652697000176.

8. Global change through Industrial Symbiosis: Kalundborg Symbiosis as an inspiration for
innovation and development. URL: https://www.symbiosis.dk/en/2024/12/16/global-change-
through-industrial-symbiosis.



Scientific publication

INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN

MANAGEMENT
The electronic scientifically and practical journal

Electronic scientifically and practical journal “Intellectualization of
logistics and Supply Chain Management” included in the list of scientific
publications of Ukraine in the field of economic sciences (category "B"):
Order of the Ministry of Education and Culture of Ukraine dated October 10,
2022 No. 894 (Appendix 2)

Field of science: Economic.
Specialties: C1 (051) - Economics;
D3 (073) - Management

ISSN 2708-3195
DOI: https://doi.org/10.46783/smart-scm/2025-33

The electronic magazine is included in the international scientometric
databases:
Index Copernicus, Google Scholar

N2 33 (2025)
October 2025

ISSN 2708-3195
DOI: https://doi.org/10.46783/smart-scm/2025-33

This work is licensed under a Creative Commons Attribution 4.0 International License



