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MANAGING SUSTAINABLE INTEGRATED LOGISTICS SYSTEMS:
USING INTELLIGENT TECHNOLOGIES IN CONDITIONS OF HIGH
UNCERTAINTY

Olena Harazha, Dmytro Shevchuk. «<Managing sustainable integrated logistics systems: using
intelligent technologies in conditions of high uncertainty». The article analyzes the management of
sustainable integrated logistics systems based on the use of intelligent technologies in conditions of high
uncertainty.

Problem Statement. The modern management process of logistics systems is provided by artificial
intelligence, machine learning, forecasting and optimization systems, which opens up wide opportunities for
rapid adoption of management decisions that are as flexible and adaptive as possible to changes in the external
environment in conditions of uncertainty. A number of problems arise, such as uncertainty and variability of the
external environment; inconsistency of transport, warehouse, information and financial subsystems in the
process of unification on a single management plane; lack of multifactoriality and dynamism in existing
classical optimization models; inconsistency with environmental standards, optimization of resource potential
and social needs of adjacent territories; low rates of restructuring and adjustment to new conditions.

Purpose. The goal of our work is to theoretically substantiate and develop methodological tools for
managing sustainable integrated logistics systems through the implementation of intelligent technologies,
which will ensure their sustainability, environmental efficiency, and adaptability in conditions of high risk and
market uncertainty.

This work is licensed under a Creative Commons Attribution 4.0 International License
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Materials and methods. The disclosure of the goal was carried out on the basis of integrated and adaptive
methodological approaches with a set of methods of comparative and structural analysis, scenario and risk
analysis methods, synthesis. The information base of the study consisted of statistical reports of international
agencies, consulting reviews, reports of logistics operators, global risk data, scientific works of domestic and
foreign scientists.

Results. According to the results of the study, it was found that the management of sustainable integrated
logistics systems is a modern direction of management that introduces the provisions of sustainable
development (ecological, social and economic norms) into traditional logistics efficiency. It was found that
cognitive analytics involves the use of artificial intelligence as an element of predictive management to calculate
correlations between indirect factors of influence on the logistics system (the influence of climatic conditions,
changes in demand). It was proven that the management of sustainable logistics systems based on intelligent
technologies reveals a number of shortcomings, including the quality of collected data, vulnerability to
cyberattacks, and significant financial costs. It was found that the effectiveness of the implementation of
intelligent technologies in the management of sustainable integrated logistics systems should solve the main
tasks: increasing the profitability of logistics activities, reducing the environmental burden on the environment,
creating operational stability in conditions of uncertainty. It is substantiated that a sustainable integrated
logistics system is formed on the basis of "patterns”, which are structural models with a set of principles and
norms. The concept of the "Trio of Sustainability" is characterized, which involves the combination of economy,
ecology and society.

Conclusions. The key provisions of the transformation from traditional logistics systems to sustainable
integrated logistics systems in conditions of high uncertainty are possible based on the use of modern intelligent
technologies and intelligent management based on the transparency of the provision of transport services and
partnership and constructive relations.

Keywords: concept, pattern, transport, system, cyberattack, logistics, management, uncertainty,
efficiency

OneHa lapaxa, [Jmumpo Lllesuyk. «YnpaeniHHA cmanumu iHmezpoeaHumMu Jo2icmuyHUMU
cucmemMamu: 6UKOPUCMAHHA iHMeJieKmyasibHUX mexHoJ102ili 8 yMO68ax 6UCOKOI HegeusHa4yeHocmi». ¥
cmammi- aHAi3yeMeoCa yNpasiiHHA CMAaumMu iHmMe2posaHumMu J102iCMUYHUMU cucmemamu Hd OCHOBI
B8UKOPUCMAHHA iHMeneKmyanbHUX mexHos02iti 8 yMO8ax 8UCOKOI HEBU3HAYEHOCM.

Mpobnemamuka. CyyacHul ynpasniHCbKUU npouyec Jio2icmuyHUMU cucmemamu 3abesnedyemecs
WMy4yHUM [HMeAeKmMoM, MAWUHHUM HABYAHHAM, cUCmemMamu Nnpo2HO3y8AHHA md onmumizayil, wo
8iOKpUBAE WUPOKI MOXIUBOCMI 018 WBUOKO20 NPUUHAMMSA yNpasiiHCbKUX pilleHb, AKi MAKCUMASIbHO 2HYYKi
ma adanmugHi 00 3MiH 308HilUHbO20 Cepedo8UULA 8 yMOBAX HeBU3HAYeHOCMI. 3'A8/IAeMbCA HU3KA npobriem
makux, AK Hesu3Ha4yeHicms Ma MiHAUBICMb 308HIiWHBLO20 CepedoBULd; HEY3200KeHiCmb MPAHCNOPMHUX,
CKNIa0CbKUX, iHpopmayitiHux ¢piHaHcosux nidcucmem 8 npouyeci 06'eOHAaHHA HA EQUHIU NAIOUWUHHI ynpasiHHA;
8iocymHicmob 6a2amogakmopHocmi ma OUHAMIYHOCMI 8 ICHYIOHUX KIACUYHUX MOOesIAX onmumi3ayii;
HegiONOoBIOHICMb eKoJI02iYHUM CmAaHOapmam, onMmuMi3ayii pecypcHozo nomeHyiany md coyianbHUM
nompebam npuse2ux mepumopid; HU3bKi memnu nepeby0osu ma HanAawWmMyg8aHHs nio Ho8i ymosu.

Mema. Memoto Hawoi pobomu € meopemuyHe 06rpyHMy8aHHA mad po3pobkd MemoOUYHO20
iHcmpymeHmapito 0na ynpasniHHA CMAnumMu iHMe2po8aHUMU JI02ICMUYHUMU CUCMeMamu  WIIAXOM
8NPOBAOXKEHHSA iIHMeeKmMyasbHUX MexHo0zil, Wo 00380/1UMb 3abe3neyumu ixHI0 Cmilikicmo, eKon02iuHy
ehekmusHiCMb ma adanmusHICMb 8 yMOBAX 8UCOKO20 PiBHA pU3UKY MaA pUHKOBOI HE8U3HAYEeHOCM.

Mamepianu t memoou. Po3kpumms memu npo8edeHo HA OCHO8I iHMez2pos8aHo20 ma adanmusHo20
Memo0o0s102i4HUX nioxodie i3 CyKynHicmio Memodie NopiBHAIbHO20 MA CMPYKMYpPHO20 AHAsI3y, Memoois
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cueHapiie ma aHanizy pusukis, cuHmesy. IHgpopmauitiHa 6a3a 00CiOKeHHA CKIAdanaca i3 cmamucmuyHux
38imig MiXkHapOOHUX azeHMCM8, 02/180i8 KOHCATIMUH2Y, 38imMi8 J102iCMUYHUX onepamopis, aHux 27106a/1bHUX
pu3ukis, Haykosi npayi 8iM4Yu3HAHUX i 3dKOPOOHHUX 84EHUX.

Pesynemamu. 3a pe3ynemamamu OOC/TiOXeHHA 8CMAHOB/IEHO, WO YNPassiHHA cmanumu
iHMe2poBAHUMU JI02ICMUYHUMU CUCMEMAaMu — ye Cy4acHul Hanpsam MeHeOXMeHMmMY, W0 8nposaoXKye 8
mpaouyiliHy n02iCMuUYHy epeKkmusHiCMb NOJIOXEHHA CMaAno20 po3sUMKY (ekosioziyHi, coyianeHi ma
eKOHOMIYHI Hopmu). BussneHo, wo KozHimusHa aHanimuka nepedba4yae BUKOPUCMAHHA WMYYHO20
iHmenekmy AK enemeHmMy npeOUKMUBHO20 KepyB8aHHA O/ PO3PAXYHKY KOpenAyilHuUX 38'A3Kie Mix
HenpAMUMU (hakmopamu 8naugy HA A02iCMUYHY cucmemy (8nsU8 KAiMamuy4Hux ymos, 3MiHa nonumy).
JosedeHo, w0 ynpaeniHHa cmanumu J02iCMUYHUMU cucmemamu Ha 6asi iHmenekmyaabHUX mexHoso2il
8UKpUBAE pAO0 HeOOJliKi8, ceped AKUX AKICMb 3i6paHuUX 0aHux, 8pasziusicme 00 Kibepamak, 3Ha4Hi iHaHcosi
sumpamu. BuseneHo, wjo egpekmusHicms 8npo8adKeHHs iHMeNeKMyaabHUX MexHOs02il 8 ynpassliHHA
CManumu iHmezposaHuMuU J102iCMUYHUMU CUCMEMAMU MAarms 8UPILIUMU OCHOBHI 3a80AHHA: 3PDOCMAHHA
peHmabesnbHOCMI 7102icMUYHOI Oif/IbHOCMI, 3MeHWeHHA eKO0J1I02iYH020 HABAHMAXEHHA HA HABKOIUWHE
cepedoguuie, cmgopeHHA onepayitiHoi cmiltikocmi 8 ymosax HegusHa4deHocmi. O6rpyHmosaHo, wo cmasnia
iHme2posaHa no2icmuyHa cucmema popmyemsCa Ha OCHOBI «namepHia», AKi yA8A0Mb cO600 CMPYKMYpHi
modeni 3 CyKynHicmioo npuHyunie ma Hopm.. Oxapakmepu3oedHO KOHUenuito «Tpio cmanocmi», wo
nepedbayae NOEOHAHHA eKOHOMIKU, eKoJs102ii ma couyiymy.

BucHogKu. Knio4osumu nosioxeHHAMU mpdHcgopmauii 8i0 mpaduuiltiHux go2icmudHux cucmem 00
cmanux iHMezposaHux s102iCMUYHUX CUCMEM 8 YMOBAX 8UCOKOI HEBU3HAYEeHOCMi MOXJ/IUBUU HA OCHOSI
BUKOPUCMAHHA CYy4ACHUX iHMeAeKmydaabHUX mexHOos102it ma iHmesnekmyasabH020 YyNpasesliHHA HA OCHOBI
mpaxHcnapeHmMHoCmMi HaA0aHHA MPAHCNOPMHUX NOC/TY2 MA NAPMHePCbKO-KOHCMPYKMUBHUX 8iOHOCUH.

Knwuoei cnoea: xoHuenuis, natepH, TPaHCMOPT, cUcTeMa, KibepaTaka, JIOTICTMKA, YNpaBiHHA,
HEBW3HaYeHICTb, epeKTMBHICTb

Introduction. Transport and logistics
systems develop and operate under the
influence of uncertainty in the external
environment due to political conflicts, closure
of some routes and the need to adapt to
changing market situations. Therefore, the
main role is assigned to the management of
logistics systems that provide constancy to
information, monetary and material flows.
Existing approaches to the creation of
logistics activities show low results because
they do not cover sustainability and
integration into the modern market
environment. The modern management
process of logistics systems is provided by
artificial intelligence, machine learning,
forecasting and optimization systems, which
opens up wide opportunities for rapid
adoption of management decisions that are
as flexible and adaptive as possible to
changes in the external environment in

conditions of uncertainty. At the same time,
sustainable development aims to form a
balance between the economic, social and
environmental aspects of logistics activities.
Therefore, global supply chains, which consist
of a set of logistics systems, must take into
account all aspects of activity in conditions of
uncertainty of the external environment,
which is characterized by a set of risks:
increased costs, supply chain disruptions,

non-compliance with environmental
standards,  violation of  partnership
agreements. Obviously, a number of

problems arise, such as uncertainty and
variability of the external environment;
inconsistency of transport, warehouse,
information and financial subsystems in the
process of unification on a single
management plane; lack of multifactoriality
and dynamism in existing classical
optimization models; inconsistency with

This work is licensed under a Creative Commons Attribution 4.0 International License
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environmental standards, optimization of
resource potential and social needs of
adjacent territories; low rates of restructuring
and adjustment to new conditions. Modern
tools in the form of intelligent technologies
are suitable for solving these problems,
among which a significant place is given to
artificial intelligence and machine learning,
decision support systems, digital twins of
logistics  processes, automation and
robotization. Therefore, the main problem is
focused on the creation and application of
effective  mechanisms for  managing
sustainable integrated logistics systems that
can operate in conditions of high uncertainty,
based on the organization of new
management concepts taking into account
the principles of sustainable development;
the introduction of intelligent technologies
into all logistics links; the development of
adaptive models that are instantly rebuilt
when the external environment changes;
compliance with economic, social and
environmental aspects. To successfully solve
this problem, there is a need to find new ways
to form and manage logistics processes in
order to maintain the competitiveness of
enterprises, economic  stability = and
compliance with the norms of sustainable
development.

Analysis of recent research and
publications. Puska, A, Dragi¢, R, Prdi¢, N.,
Cosi¢, D., Novakovi¢ Bozi¢, N, & Stili¢, A.
highlight that the choice of digital
technologies for last-mile urban logistics is
critical to ensuring sustainable development.
They emphasize that the high level of
uncertainty in the external environment
requires adaptive solutions, intelligent
systems allow to optimize routes and reduce
environmental impact. Forecasting
algorithms help to avoid supply disruptions
and increase system reliability. Sustainable
development is only possible through the
integration of digital technologies into all
logistics processes [1].

Hryhorak, M., Pichugina, M., & Chuprina,
M. prove that the integration of intelligent

7-18
v.36 (2026)
https://smart-scm.org

transport and logistics systems is a key factor
in the efficiency of modern supply chains.
They emphasize the importance of
combining information and material flows in
a single environment. The use of artificial
intelligence ensures a rapid response to
changing  market conditions.  Digital
management  platforms increase the
resilience of logistics systems and reduce
risks. Sustainable development is possible
only through the comprehensive integration
of technologies into all levels of logistics [2].

Lyall Cresswell looks at smart logistics
providers who are building integrated
systems specifically in the face of trade
uncertainty. This allows them to remain
competitive in global markets. Intelligent
technologies help them adapt quickly to
changes in demand and supply. Process
automation reduces risks and costs,
increasing efficiency. Integrated systems are
becoming the foundation of long-term
business sustainability [3].

lvanov, D., Dolgui, A., & Sokolov, B.
substantiate digital twins of supply chains
that allow managing the effects of chain
failures. They show that real-time scenario
modeling reduces risks and increases system
resilience. Simulations help make informed
management decisions. Intelligent
technologies minimize the consequences of
crisis situations. This creates the basis for
more flexible and sustainable logistics
management [4].

Christopher, M., & Holweg, M. emphasize
that supply chains in the era of turbulence
require  new management strategies.
Integration of subsystems is critical to reduce
risks and ensure stability. They emphasize the
importance of flexibility and adaptability of
logistics systems. Traditional management
methods do not meet modern challenges.
The use of intelligent technologies is a
necessary  condition  for  sustainable
development [5].

Buyukozkan, G., & Goger, F. substantiate
digital supply chains, which form the basis for
future research in logistics. They emphasize

This work is licensed under a Creative Commons Attribution 4.0 International License
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the integration of different subsystems into a
single digital environment. Big data plays a
key role in forecasting and optimization.
Sustainable development is only possible
through the digitalization of logistics
processes. Intelligent technologies are the
driving force behind the transformation of
modern systems [6].

Queiroz, M., Ivanov, D., Dolgui, A., & Fosso
Wamba, S. examined epidemic outbreaks that
showed the vulnerability of global supply
chains. They suggest the creation of resilient
risk management systems. Intelligent
technologies help to quickly adapt to crisis
conditions. Scenario modeling minimizes
supply disruptions. Sustainable development
requires taking into account unpredictable
factors in logistics processes [71].

Sarkis, J. proved that the pandemic has
become an important lesson for the
sustainable development of supply chains.
Logistics systems must be adaptive and
flexible. Intelligent technologies ensure rapid
response to environmental changes.
Sustainable development includes social and
environmental aspects. Logistics must
integrate innovative solutions to increase
resilience [8].

Wang, Y., Gunasekaran, A., Ngai, E.W.T., &
Papadopoulos, T. calculated big data, which
opens up new opportunities for logistics.
They allow you to forecast demand and
optimize the use of resources. Analytics
reduces the level of uncertainty in decision-
making. Intelligent systems increase the
efficiency of  process  management.
Sustainable development is possible through
the use of data in strategic planning [9].

Kamble, S., Gunasekaran, A., & Gawankar,
S. investigated the combination of Industry
4.0 and lean practices, which increases the
efficiency of organizations. Digitalization of
production ensures stability in a changing
environment. Intelligent  technologies
become the basis of  sustainable
development. Logistics systems gain new
opportunities for integration and adaptation.

7-18
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This creates competitive advantages for
enterprises in the global economy [10].

However, the  management  of
sustainable logistics systems using intelligent
technologies in  conditions of high
uncertainty requires strengthening and
deepening of research, taking into account
the achievements of scientists of domestic
and foreign scientific schools, which shows
the relevance of the topic under study. The
main ways of managing sustainable logistics
systems are: scenario modeling based on
artificial intelligence, dynamic inventory
management, creation of digital ecosystems
and "digital twins", decarbonization and
"green" route optimization, autonomization
and adaptive robotics, blockchain
technologies to ensure transparency and
trust.

Purpose of the article is a theoretical
justification and development of
methodological  tools for  managing
sustainable integrated logistics systems
through the implementation of intelligent
technologies, which will ensure their
sustainability, environmental efficiency and
adaptability in conditions of high risk and
market uncertainty.

Presentation of the main research
material. The modern development of
economic processes aptly implements
digitalization, promotes the globalization of
trade and partnership relations, supports
competitiveness at different levels of
territorial and industry distribution. Along
with this, significant transformations of
existing logistics systems are taking place in
the context of digital transformation through
the introduction of artificial intelligence,
database analytics, and the Internet of Things.
Thus, traditional logistics models based on
linear efficiency in conditions of global
uncertainty have shown their vulnerability to
crisis moments. At the same time, modern
high uncertainty is due to a significant
number of nonlinear situations and low
accuracy of forecast data, which requires the
use of the latest methods inherent in
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sustainable integrated logistics systems.
Obviously, such integration is based not only
on the coordination of departments, but also
includes the formation of a single information
space in which each node of the adaptive
network link acts as a separate participant in
the supply chain. Sustainability should take
into account the environmental and social
aspects of logistics activities, which positively
affect viability in the long term. Management
of sustainable integrated logistics systems is a
modern direction of management that
introduces the provisions of sustainable
development (environmental, social and
economic norms) into traditional logistics
efficiency. Based on this, it can be argued that
management as a form of art that directs the
movement of resources and goods in a
direction that is profitable for business,
environmentally safe for the environment and
socially beneficial for society. Environmental
sustainability involves minimal carbon
emissions through the use of electric vehicles,
optimization of transportation routes, the use
of "green" packaging, waste recycling, and
maintenance of reverse logistics, which
involves the return and recycling of goods.
The principles of economic sustainability
involve reducing costs through energy
efficiency, increasing resilience to crisis
events, and planning for the long term. The
principles of social sustainability involve
occupational safety, ensuring labor standards,
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and comprehensive support for local
communities. In 2026, logistics management
will face the main problem of “how to deliver
goods as quickly as possible” with new
challenges related to global carbon
regulation, environmental requirements for
consumer brands, and the use of digital
technologies. The basis for managing
sustainable integrated logistics systems is
intelligent technologies that are capable of
processing large amounts of data in real time.
Thus, cognitive analytics involves the use of
artificial intelligence to calculate correlations
between indirect factors influencing the
logistics system (the impact of climate
conditions, changes in demand), which
translates into predictive management. At the
same time, the Internet of Things and sensors
help the system independently monitor
deviations from the route and search for new
routes. Along with this, digital twins are a
modern lever for uncertainty management.
They allow you to create a multifaceted digital
copy of the logistics system and perform
various manipulations with it, which test the
chain’s resistance to various crisis scenarios,
such as power outages to the suspension of
international traffic. Therefore, the use of
intelligent technologies solves the main
problem of modern logistics, which connects
efficiency with environmental friendliness
(Table 1).

Table 1 — Sustainable logistics management mechanism

driver activities

Aspect Role of intelligent technologies Impact on sustainability
Ecological Reducing empty mileage and carbon emissions | Reduction of carbon dioxide emissions by
15-20%
Social Application of the concept of "unmanned Creating comfortable working conditions

warehouse" due to high risks and monitoring of

and reducing traumatic events

Administrative

passage of goods

Transparency of reporting and monitoring of the | Development of partnership relations and

attractiveness of investors

Source: summatrized by the author.

Logistics system management under
conditions of high uncertainty has a cyclical

form and is capable of self-learning. It consists
of the following cycles:
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1. Observation involves the
accumulation of data on the state of the
external and internal environment;

2. The check involves the use of artificial
intelligence to determine deviations from the
set course (delay, onset of crisis);

3. Development of various situations
based on a digital twin, which is able to
calculate 3-5 ways to avoid a crisis situation;

4. Adaptation and selection of the
optimal option ensure a balance between
profitability and compliance with
sustainability standards, which include the
length of the route with minimal fuel
consumption.

Managing sustainable logistics
systems based on intelligent technologies
exposes a number of shortcomings, including
the quality of collected data, vulnerability to
cyberattacks, and significant financial costs.
Therefore, to ensure the flexibility of the
company and maintain its reliability with a
small environmental impact on the
environment, intelligent management is
used, which allows for the formation of
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sustainable integrated logistics systems in
conditions of uncertainty.

The economic effect of the use of
artificial intelligence and big data processing
has become the norm and standard for the
formation and functioning of sustainable
integrated logistics systems. The main areas
of improvement are market size, cost
reduction, and inventory  reduction.
According to analysts, the global market for
artificial intelligence in logistics in 2024 was
estimated at $17.96 billion, and according to
forecasts, it will grow to $26.35 billion by the
end of 2025 (CAGR ~44%) [11]. The
introduction of intelligent systems in logistics
companies has  significantly  reduced
operating costs by 15-30% by optimizing
routes and using resource potential [12]. The
use of predictive analytics minimizes safety
stocks by 15-35%, while there is no shortage
[13]. Operational efficiency and quality of
service have a big difference when managing
“traditional” and “intelligent” logistics
systems (Table 2).

Table 3 - Differences between traditional and intelligent methods of managing logistics

systems

Indicator Intelligent methods, % ;Lig:::?,k
Timeliness of delivery 95 75
Accuracy of order fulfillment 98 85
Deviation from forecasted demand decreases by 30 high
Defect level in warehouses -5 -20
Delivery time decreases by 22% standard

Source: [12, 14-15].

For green logistics, the use of
intelligent technologies creates the best way
to manage decisions to reduce carbon
emissions by about 1.39 - 1.65 trillion dollars.
Machine learning provides opportunities for
route optimization variations for large carriers
to reduce fuel use by 12%, which makes it
possible to reduce costs by millions of dollars.
Elimination of empty runs with the right
logistics decisions based on intelligent
management reduces carbon emissions by
10-15% [12, 14-15]. During 2024-2025,

uncertainty and risk factors were justified by
the increase in supply chain disruptions due
to strikes, climatic weather, fires at enterprises
and other emergencies by 38% compared to
previous years. At the same time, consumers
experienced an increase in transport prices by
0.6% due to global conflicts. Therefore, in
2024, the management of intelligent
sustainable integrated logistics systems
required 47% more investment in
cybersecurity than traditional logistics
systems to protect data from hacker attacks.
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Apparently, 90% of logistics company
managers feel a lack of qualified personnel
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digital technologies for routing and supply
chain calculations (Table 3).

who are able to use artificial intelligence and

Table 3 - The market for intelligent technologies in the management of sustainable logistics
systems

. Market size 2023, Forecast 2026, CEITIDENTE
b billion dollars billion dollars OTUE Tty
rate (CAGR), %
Artificial Intelligence 6,53 20,12 445
Internet of Things 45,20 90,80 6,1
Digital Twins 10,10 35,50 36,9
Blockchain in Supply Chains 5,20 18,40 52,3

Source: [16-20].

The effectiveness of the implementation
of intelligent technologies in the
management of sustainable integrated
logistics systems should solve the main tasks:
increasing the profitability of logistics

activities, reducing the environmental burden
on the environment, creating operational
stability in conditions of uncertainty (Table 4).

Table 4 — The effectiveness of implementing intelligent technologies in the management of
integrated sustainable logistics systems

. Traditional Intelligent T
Indicator o o Impact on sustainability
management, % management, %
Demand forecast 65-70 85-95 Eliminating overproduction and
accuracy recycling waste
Inventory holding costs Baseline Less than -15/-30 Optimizing warehouse utilization
Transportation costs Baseline Less than -10/-20 Reducing carbon emissions
Response time to a 24-48 hrs. More than 2 hours Resilience to crisis
broken link

Source: compiled based on [12-15].

A special role in intelligent technologies
is occupied by artificial intelligence and big
data, which transform the structure of
logistics costs based on automation and self-
learning. Intelligent  management of
sustainable integrated logistics systems aims
to transition to "green" logistics and reduce
carbon emissions. In conditions of uncertainty
and market volatility, the presence of many
risks, rapid restoration of the system based on
digital twins and cognitive flexibility is
necessary. The introduction of intelligent
technologies into management is a modern
method  of transforming  traditional
management methods. Artificial intelligence
is able to calculate thousands of options in

seconds. Observation of natural risks allows
for predictive analytics and forecasting (Table
5).

The use of intelligent technologies
creates a “perfect storm” in which the
environment becomes aggressive along with
the growth of social responsibility and

environmental  expediency. Positioning
intelligent technologies as a single
mechanism  that combines  business

partnership relations with environmental
requirements and standards. Therefore, the
modern view of a sustainable integrated
logistics system involves the combination of
environmental factors with social needs.
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Table 5 — Factors driving the application of intelligent technologies in the management of

integrated sustainable logistics systems

Risk Number of cases qu§es,
2024/2021, % billion
Conflicts and Sanctions +42 1200
Climate Change +28 320
Hacker Attacks and +60 450
Logistical Disruptions
Fuel Price Volatility +35 n/d

Source: [12-15].

At the same time, a sustainable
integrated logistics system is formed on the
basis of “patterns”, which are structural
models with a set of principles and norms. The
concept of the “Sustainability Trio” involves
the combination of economy, ecology and
society. Thanks to this concept, costs for
profitable routes are reduced and resource
potential is rationally used. At the same time,
carbon emissions are reduced, “green”
transport is introduced, and ecological
packaging is used. The social aspect provides
a partnership based on transparency and
trust, financial assistance to local territorial
communities, safety and labor protection. The
formation of a single platform for managing
sustainable logistics systems involves
combining warehouses, transport, and
purchasing from suppliers with information
and process integration. Thus, information
integration focuses on the collection of data
in cloud platforms in real time about all
participants in the supply chain (from the
courier to the supplier of materials). At the
same time, process integration aims to
coordinate deliveries to eliminate downtime
of the transport fleet and prevent empty runs
on designed routes. Let's consider two
modern patterns. The Circularity pattern
operates on the basis of a closed loop, the
components of which are reverse logistics
and resource recovery. Reverse logistics
processes the return of goods and their repair,
manages the process of recycling waste and
residues, organizes the return of containers.
Resource recovery is based on the use of

packaging materials, appropriate containers,
and the use of pallets of different sizes. The
“Smartness” pattern introduces smart
technologies into logistics such as: artificial
intelligence and big databases, the Internet of
Things, alternative fuels. Thanks to intelligent
technologies, it is possible to predict the
demand for products, thereby preventing
overproduction of products and loss of
resources. Modern warehouses have a large
number of goods that are controlled by
sensors and save energy resources, ensuring
cost reduction. The use of alternative fuels
such as biofuels, electric motors, hydrogen
provide green logistics with modern methods
of reducing carbon emissions into the
atmosphere and prevent environmental
pollution and the greenhouse effect of
climate change.

Conclusions. The transition from
traditional logistics systems to sustainable
integrated logistics systems in conditions of
high uncertainty is possible based on the use
of modern intelligent technologies and
intelligent management based on the
transparency of the provision of transport
services and partnership-constructive
relations. Modern tools of the Iatest
technologies are artificial intelligence and
machine learning, which allow making the
most profitable management decisions based
on digital twins, automation and robotization
to maintain the competitiveness of logistics
enterprises at different levels of territorial and
industry distribution under the influence of
globalization processes. Modern
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management of integrated logistics systems
combines the principles of efficiency,
sustainability and sociality to direct the
movement of resources and goods in a
direction that is profitable for business,
environmentally safe for the environment and
socially beneficial for society. Management of
logistics systems manages several cycles:
observation, verification, development of
various situations based on a digital twin,
adaptation and selection of the optimal
option. However, there are a number of risks,
among which the most important are
vulnerability to cyberattacks, accuracy and
quality of source data, investments in
protection and updating of the latest
technologies.  Intelligent  management
improves the volume of goods turnover in the

market, reduces costs and reduces
inventories. The main component of
intelligent management is predictive

analytics, which minimizes insurance costs,
reduces warehouse stocks and storage costs,
along with meeting the needs for goods and
preventing shortages. Thus, intelligent
management transforms traditional logistics
systems into “green” logistics and reduces
carbon emissions in the presence of many
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risks, the elimination of which requires rapid
system recovery based on digital twins and
cognitive flexibility. Modern sustainable
integrated logistics systems are created on
the basis of “patterns” in the form of structural
models with a set of principles and norms. The
key concept is the concept of the
“Sustainability Trio” which involves the
combination of economy, ecology and
society, in which the “Circularity” pattern and
the “Smartness” pattern deserve special
attention. Promising areas of further research
are the development of “viability” models of
supply chains that are able not only to recover
from crisis situations, but also to function and
develop in the long term in conditions of
constant change and uncertainty; ethical
sourcing and transparency of Blockchain, how
this distributed ledger technology ensures an
ethical attitude towards various suppliers of
goods; development and implementation of
a “zero trust” architecture for the automation
of warehouses and ports; use of predictive
analytics to establish the relationship
between fluctuations in energy prices and
inventory management; adaptability of
global logistics strategies to the national level.
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