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USING UNMANNED AERIAL SYSTEMS TO ENSURE ECONOMIC RESILIENCE
OF HUMANITARIAN SUPPLY CHAINS IN THE CONTEXT
OF THE RUSSIAN FEDERATION'S MILITARY AGGRESSION AGAINST UKRAINE

Background. The relevance of the study lies in the need to analyze the use of unmanned aerial systems (UAS) in the
organization of the humanitarian supply chain to save lives and provide assistance to the affected population in conditions of a
humanitarian crisis. The purpose of the study is to substantiate the theoretical foundations of the economic resilience of the
humanitarian supply chain as a tool for responding to a humanitarian crisis, as well as to develop conceptual and process models
for organizing the delivery of humanitarian cargo using UAS at the "last mile” stage, which is the most costly due to high security
risks in combat zones and frontline areas. The paper is devoted to solving the following tasks: to investigate the essence and main
characteristics of the economic resilience of the humanitarian supply chain; to identify the possibilities of integrating UAVs into
humanitarian supply chains; to substantiate the procedure for making a decision on the choice of UAVs; to detail the technological
process of delivering cargo by drones. The authors put forward the following hypothesis: the economic resilience of humanitarian
supply chains under martial law in Ukraine can be significantly enhanced by integrating unmanned aerial systems at the "last mile"
stage due to development of: a conceptual model of organizing the delivery of humanitarian cargo, which systematizes the
parameters of the components of the transport system and reflects their relationships with the decision-making process regarding
the organization of the transportation process, which in turn determines the parameters of the logistics chain assessment; an
adaptive process model that takes into account specific technological operations for transporting UAV cargo, operational flexibility,
and speed of response to critical changes in the conflict zone.

Methods. The following methods were used in the study: comparison (to identify differences between humanitarian and
commercial supply chains), analysis and synthesis (to reveal the nature and study the components of the humanitarian supply
chain), content analysis and bibliometric analysis (when processing scientific literature on the organization of the humanitarian
cargo supply), abstract-logical method (to identify key characteristics of the resilience of the supply chain), systems approach
(when considering the humanitarian supply chain as a complex system that interacts with the external environment (crisis
conditions) and identifying factors that ensure its resilience), generalization (to group factors that influence the integration of UAVs
into humanitarian supply chains), morphological analysis (to justify the choice of UAVs). To confirm the hypothesis, a process
approach was used, which allowed formalizing the process of delivering humanitarian cargo by UAVs at the "last mile” stage in
order to quickly respond to changes and ensure the economic resilience of the supply chain.

Results. The study showed the feasibility of integrating UAS into humanitarian supply chains at the "last mile" delivery
stage. The humanitarian supply chain is a component of the humanitarian crisis management mechanism and is an integrated
system for planning, purchasing, transporting and distributing humanitarian goods for the population affected by military conflicts
or disasters. The paper reveals the main characteristics of the humanitarian supply chain as a complex and dynamic system. For
the resilience of humanitarian supply chains in conditions of uncertainty, the following three components are important: strategic
redundancy, radical flexibility and cluster culture of response. The economic component of the resilience of humanitarian supply
chains includes: compliance with the principle of cost-efficiency and ensuring resilience through cost minimization; financial
flexibility and the ability to redirect funds from one type of aid to another in the face of changing situations. In the process of
assessing economic resilience, the following parameters are assessed: the degree of fulfillment of the request; safety and accuracy
of cargo delivery, and delivery speed. The developed models take into account such indicators of economic resilience as: mission
success rate, service recovery time, route availability coefficient. From the point of view of socio-economic parameters, it is
important to take into account the aid availability index and the cost of a saved life.

Criteria for evaluating the performance of the mission have been identified, in particular: socio-humanitarian criterion, time
minimization criterion, economic cost criterion for performing the delivery task, efficiency and safety of transportation, taking into
account the parameters of the control system and the parameters of the external environment. A conceptual model of the
organization of humanitarian cargo delivery has been proposed, which systematizes the parameters of the transport system
components, and determines the parameters for evaluating the logistics chain.

Conclusions. The developed adaptive process model for the delivery of humanitarian aid by UAS under martial law, which
is based on the delivery organization parameters and technological operations described in the paper, allows for the formalization
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of the delivery process and its reproducibility, as well as effective risk management. In practice, the use of the proposed model
can become an effective tool for designing a safe and economically viable logistics supply chain for humanitarian cargo for the
affected population in areas of critical security risk. This experience can be scaled up by other countries.

Keywords: humanitarian cargo, supply chain, economic resilience, unmanned aerial vehicle, unmanned aerial system,

efficiency, transportation, technology.

Background

The issue of using unmanned aerial systems (UASs) for
the delivery and supply of humanitarian cargo is especially
relevant in the context of the russian federation's military
aggression against Ukraine. Military aggression is a critical
factor in the destabilization of the socio-economic situation
and the emergence of a humanitarian crisis in regions where
the front line directly passes and hostilities are underway, as
well as in regions close to the front line, occupied and
deoccupied (border territories of Chernihiv, Sumy, Kharkiv,
Luhansk, Donetsk, Zaporizhzhia, and Kherson regions).
According to the "Humanitarian Needs and Response Plan for
2026: humanitarian needs and risks" (Ukraine, 2026a), as of
January 2026, there are 8.4 million non-displaced war-
affected people in Ukraine in need of assistance (including 1
million residents of the Russian-occupied territories). About
25% of these people are in urgent need of assistance, and
13% are in catastrophic need. These are the most vulnerable
groups of the population — children, women and girls, the
elderly, and people with disabilities (Ukraine, 2026b).

Military aggression has a direct negative impact on the
accessibility, security, infrastructural and financial
components of supply chains (Bazhenova, & Banna, 2025),
as hostilities destroy or damage traditional communication
routes (roads, bridges, railways) and key transport hubs
(airports, sea and river ports, railway stations), disrupting
traditional commercial logistics routes, paralyzing
international humanitarian  aid imports  (Sereda,
Nagachevska, & Hryhorova, 2024), or forcing the use of
complex and long bypass roads, which increases both
delivery times and operational costs. In addition to
infrastructure destruction, storage facilities are often
destroyed or damaged, leading to loss of cargo and making
effective inventory management impossible. Vehicles often
become military targets, which leads to the loss of expensive
equipment and the cargo itself, increasing the cost of their
insurance or the assumption of high financial risks. The
situation is complicated by mining and contamination of
territories with unexploded ordnance, which makes certain
routes and unloading areas completely inaccessible until the
completion of demining work and makes it impossible to
deliver cargo by land transport. At the same time, military
operations create unacceptable risks for drivers,
accompanying personnel, and warehouse workers, cause a
shortage of personnel, which is exacerbated by the
mobilization of part of the employees involved in logistics,
the need for high personnel payments for risk and the need
to insure vehicles and personnel. Vehicles often become
military targets, which leads to the loss of expensive
equipment and the cargo itself, increasing the cost of their
insurance or the assumption of high financial risks.

In such extremely dangerous conditions, there is a need
to organize humanitarian supply chains to provide the
necessary assistance to all those in need. The logistics of
humanitarian cargo in frontline regions and combat zones is
unpredictable and operationally unpredictable due to the
constant change of the front line, which leads to changes in
routes and requires time and additional material, capital, and
human resources. (Osetskyi et al., 2023) Moreover, the use
of traditional methods of delivering humanitarian aid is high-
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risk, which justifies the urgent need to introduce the latest
technological solutions into humanitarian supply chains at
the "last mile" stage (delivery to the end consumer), one of
which is the use of unmanned aerial systems, which reduce
transportation costs, ensure speed of delivery and a higher
level of safety for personnel (Rejeb et al., 2021; Stierlin,
Risch, & Risch, 2024).

This article aims to substantiate the theoretical
foundations of the economic resilience of the humanitarian
supply chain as a tool for responding to a humanitarian
crisis, as well as to develop conceptual and process models
for organizing the delivery of humanitarian cargo using UAS
at the "last mile" stage, which is the costliest due to high
security risks in combat zones and frontline areas.

The implementation of the set goal necessitated the
need to solve the following tasks: 1) to investigate the nature
and main characteristics of the economic resilience of the
humanitarian supply chain; 2) to identify the possibilities of
integrating UAVs into humanitarian supply chains; 3) to
substantiate the decision-making procedure for choosing
UAVs; 4) to detail the technological process of delivering
cargo by drones.

The economic resilience of humanitarian supply chains
under martial law in Ukraine can be significantly enhanced
by integrating unmanned aerial systems at the "last mile"
stage due to the development of:

1)a conceptual model of the organization of
humanitarian cargo delivery, which systematizes the
parameters of the transport system components and reflects
their relationships with the decision-making process
regarding the organization of the transportation process,
which in turn determines the parameters of the humanitarian
logistics chain assessment;

2) an adaptive process model that takes into account
specific technological operations for transporting cargo by
UAV, operational flexibility, and speed of response to critical
changes in the conflict zone.

Literature review. The problems of organizing supply
chains and ensuring their economic resilience are in the field
of research of both domestic and foreign authors. As
Yaremenko O. and Matyukh S. note, supply chains
represent an area of increased risk (Yaremenko, & Matyukh,
2019). Scientists explain this by the number of participants,
their different production capabilities, technological and
technical equipment, quality of resources, and transport
support. At the same time, the economic resilience of supply
chains is affected by logistical and infrastructure risks that
arise due to the incoordination of the work of supply chain
participants and infrastructure enterprises, as well as due to
fluctuations in the markets. Market fluctuations in business
activity are manifested in changes in prices and production
volumes, which makes adjustments to the work of logistics
operators (Panchenko, & Reznikova, 2022). Failure in even
one link leads to inefficiency of the entire supply chain.

When we analyze supply chains, we take into account
the fact that the influencing factors can be not only local, but
also national or international in nature. According to experts,
sanctions restrictions and trade wars in 2022-2025 had a
particularly acute impact on the economic stability,
geography, and security of supply chains (Otsokolich, 2025)
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External factors, including natural disasters, climate
change, political and military conflicts, man-made disasters,
and epidemics, can negatively impact the resilience of supply
chains, creating threats and challenges to the security of their
operation. Taking threats and risks into account is critical when
it comes to humanitarian supply chains.

It should be noted that humanitarian supply chains are
built in dangerous (crisis) situations, when a rapid response
is required in conditions of destroyed infrastructure and lack
of human and material resources (Hryniv, 2023).

Humanitarian supply chains are designed to create
positive social, environmental and economic impacts on
affected populations (Kunza, & Gold, 2017). Chupryna O.,
Kolosok E. and Hryhorenko O. emphasize the reliability,
safety, speed and timeliness of organizing a humanitarian
supply chain to provide affected people with essential goods
(Chupryna, Kolosok, & Hryhorenko, 2023).

It also concerns the rationality, efficiency, effectiveness,
and reliability of managing available (technical,
technological, informational, financial, human resources,
etc.) resources within humanitarian supply chains to counter
threats and eliminate their consequences (Pokusa, 2024).

At the same time, it is important to develop new solutions
in risk management in supply chains to increase the
efficiency of resource use throughout the chain, balance
profitability and resilience, and ensure the security of all
logistics processes (Pogrebnyak et al., 2022).

Methods

The following methods were used in the study: comparison
(to identify differences between humanitarian and commercial
supply chains), analysis and synthesis (to reveal the nature and
study the components of the humanitarian supply chain),
content analysis and bibliometric analysis (when processing

scientific literature on the organization of the humanitarian
cargo supply), abstract-logical method (to identify key
characteristics of the resilience of the supply chain), systems
approach (when considering the humanitarian supply chain as
a complex system that interacts with the external environment
(crisis conditions) and identifying factors that ensure its
resilience), generalization (to group factors that influence the
integration of UAVs into humanitarian supply chains),
morphological analysis (to justify the choice of UAVs). To
confirm the hypothesis, a process approach was used, which
allowed formalizing the process of delivering humanitarian
cargo by UAVs at the "last mile" stage in order to quickly
respond to changes and ensure the economic resilience of the
supply chain.

Results

The challenges of the 21st century, such as the COVID-
19 pandemic and the russian military aggression against
Ukraine, are convincing in the need to develop and
implement alternative methods of delivering goods that are
safe for people and the environment, and can also be used
contactlessly. These are unmanned vehicles, primarily
unmanned aerial vehicles (UAV, drones). The use of drones
began in 2013 by Chinese companies, but deliveries were
limited. Currently, the UAV market is constantly expanding,
and companies specializing in drone deliveries such as
Wing, Zipline and Matternet are actively working. According
to Gartner estimates, the size of the worldwide drone
package delivery market will hit $8B by 2027, growing at a
noteworthy CAGR of 41.8% (ZhenHub, 2022).

The integration of UAVs into humanitarian supply chains is
effective at the "last mile" delivery stage - the final stage of the
logistics process, when a cargo of humanitarian aid is delivered
from a local warehouse directly to the recipient (Fig. 1).
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Fig. 1. Integration of UAVs into humanitarian supply chains

Source: compiled by authors.

Humanitarian supply chain is an integrated system of
planning, purchasing, transporting and distributing
humanitarian goods for the population affected by military
conflicts or disasters. In the paper, the humanitarian supply
chain is considered as a component of the crisis
management mechanism. Humanitarian supply chain
management is significantly different from commercial
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supply chain management. If the main goal of the
humanitarian supply chain is to save people's lives and
minimize suffering (Myronenko et al., 2021, P. 203-225.), the
priority of the commercial supply chain is to maximize profits
and minimize costs. In practice, demand for commercial
supply chains is planned, while for humanitarian supply
chains, demand is unpredictable and sudden (Kovacs,
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Spens, & Moshtari, 2018). Ensuring the transportation and
distribution of humanitarian cargo for the humanitarian
supply chain in practice is complicated by the fact that the
infrastructure can be destroyed (Apta, 2010, pp. 1-100).
While commercial supply chains are time-bound,
humanitarian supply chains are often time-constrained, with
response times of hours/minutes (Chupryna, Kolosok, &
Hryhorenko, 2023). Humanitarian supply chains are
financed by state funds or donors.

However, according to Western economists, not only
reducing response time, but also reducing costs and saving
money is important for humanitarian supply chains, as it
allows for more efficient operations and reaching a larger
portion of the population with the same budget (Salem et al.,
2024; Stumpf, Besiou, & Wakolbinger, 2023).

In the current scientific literature, supply chain resilience
is defined as a complex and dynamic system. The resilience
of commercial supply chains implies that they possess three
qualities, described as the "triple A", as they are: agile (they
can respond quickly to any changes in demand or supply);
adaptable (they can adapt over time to structural changes
and evolving strategies); aligned (they are aligned with the
interests of all suppliers in the production network, as well
as with a variety of stakeholders, including governments and
non-governmental organizations) (Lee, 2004).

The main characteristics of humanitarian supply chains
that affect their resilience are:

e social impact, the number of lives saved and the
assessment of the level of reduction of suffering;

o the criticality of delivery terms, when time and speed
of delivery become very important;

o the specificity of the cargo and the exact correspondence
of the aid to the real needs of the final recipient (not just
medicine, but specific pharmaceuticals; not just food, but a
calorie-balanced diet). This requires the organization of
monitoring and the establishment of constant feedback with the
affected population to assess the scale of the situation and
identify the specific needs of the population;

e accessibility - direct delivery to the point where the
need arose;

¢ logistical integrity and guaranteeing the preservation
of the quality of the cargo in extreme conditions, for
example, the need to maintain the cold chain of
humanitarian vaccine supplies;

o adherence to the principle of cost-efficiency and
ensuring resilience through cost minimization and
environmental friendliness (reduction of harmful impact on
the environment);

e a cluster approach to the organization and involvement
of various stakeholders (state authorites and local
governments, donors, international organizations, charitable
foundations, volunteer organizations, direct participants in the
process of delivering humanitarian goods - carriers, logistics
operators (forwarders), warehouse complexes), where each
participant knows their role, and decisions are made promptly
on the ground, taking into account the situation and current
needs of the affected population;

¢ high uncertainty and unpredictability of the emergency
occurrence, its scale, consequences and duration;

¢ high level of danger in implementing humanitarian
deliveries, which requires careful identification and risk
management.

Comparing humanitarian and commercial supply chains,
building resilient commercial supply chains involves three
main components: redundancy (maintaining safety stocks
and backup suppliers), flexibility (developing dynamic
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capabilities to quickly adapt and change supply chain
organization in the event of disruptions), and a culture of
responsiveness (adequate training of personnel and
managers, as well as decentralized decision-making to
quickly resolve problems as they arise) (OECD, 2025),
Moreover, for both humanitarian and commercial supply
chains, such components of resilience as the ability to
anticipate risks and adapt to (resist) disruptions are
important, where disruption is viewed as a catalyst for
innovation, allowing us to take a step forward and move to a
qualitatively new level with greater capacity and better
preparedness, rather than just getting out of the crisis.

Yili Deng emphasizes the vulnerabilities of supply chains
and defines their resilience as the ability to respond to
emerging disruptions, emphasizing adaptability and
flexibility to reduce risks associated with unforeseen events
(Deng, 2023).

In the study (Guo et al., 2025), the resilience of supply
chains is defined as their ability to mitigate, respond to, and
recover from risks that cause mismatches between demand
and supply. Therefore, a supply chain is more resilient if the
probability of mismatches is lower, the duration is shorter, or
the state after recovery is better.

As noted in the paper (Slobodzianyk, & Chornopyska,
2024). Supply chain resilience is determined by the
efficiency of information exchange, the speed of decision-
making, the development of partnerships between the state
and the private sector, the involvement of local operators,
the integration of new technologies, as well as flexibility in
reviewing partnership relations.

Supply chain resilience is the ability to effectively cope
with external and internal challenges, maintaining the
continuity of operations and minimizing the negative
consequences of possible risks, ensuring the continuity and
efficiency of supply in conditions of stress, crisis, unforeseen
circumstances, by developing and implementing risk
management strategies, diversifying suppliers, creating
reserve stocks, and developing business contingency plans
(Sushchenko, 2024).

For the resilience of humanitarian supply chains in
conditions of uncertainty, the following three components
are important:

1) strategic pre-positioning and the use of a network of
global and regional hubs. The availability of alternative
suppliers is important in terms of avoiding dependence on a
single supplier in the event of the closure of one border
crossing point or port;

2) radical flexibility and the ability to instantly change the
mode of transportation. In some cases, it is advisable to
localize and involve local suppliers instead of waiting for long
international shipments, which makes the humanitarian
supply chain less vulnerable;

3) a cluster culture of response, where each organization
and institution has its own role, but decisions on the ground
are made quickly, based on real needs and challenges.
Building resilience in the humanitarian supply chain through
strategic redundancy, localization and cluster coordination
allows it to remain effective even when traditional systems fail.

The economic component of commercial supply chain
resilience involves ensuring profitability despite disruptions,
uncertainties and risks. In the context of humanitarian supply
chains, profitability is transformed into the concept of cost-
effectiveness and social return on investment. The
economic component of humanitarian supply chain
resilience includes: compliance with the principle of cost-
effectiveness and ensuring resilience through cost
minimization; financial flexibility and the ability to redirect
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funds from one type of assistance to another in the face of
changing situations. In the process of assessing economic
resilience, the following parameters are assessed: the
degree of fulfillment of the request; safety and accuracy of
cargo delivery, and delivery speed.The study took into
account such resilience indicators as: mission success rate,
time-to-recovery service, route availability score. In
conditions of military aggression, a resilient indicator is
greater than 70-80%, depending on the criticality of the
cargo. From the viewpoint of socio-economic parameters, it
is important to consider the aid accessibility index and the
cost per life saved.

For example, from the perspective of the traditional
approach to minimizing costs, the delivery of humanitarian
cargo by UAV is more expensive than one truck round, but
during the transportation of humanitarian cargo, the truck can
be blown up by a mine, get stuck due to the destruction of
infrastructure for hours/days/weeks, so the "cost of waiting"
and the risks of cargo loss make drones more economically
advantageous in conditions of uncertainty. Not to mention the
fact that the timely delivery of such humanitarian cargo as
blood by drone can help save a person's life.

The economic resilience of the humanitarian supply chain
is determined through preventive measures and an analysis
of the "cost of inaction", since investing in preparation (in
particular, warehouse infrastructure and personnel) allows for
significant savings during emergency response.

There are significant differences between the formation
of routes for commercial cargo transportation by unmanned
aerial systems and the delivery of humanitarian cargo.
Namely, when forming routes for commercial cargo
transportation by unmanned aerial systems, it is necessary
to take into account the criteria for minimizing delivery time
or minimizing economic costs for performing the
transportation task, which includes taking into account the
costs of paying service personnel (UAV operators), the cost
of consumables for drones and fuel, the cost of using ground
flight support equipment, depreciation, personnel training
costs, costs for construction and maintenance of basing
systems, and other (Bondar, 2022).

At the same time, it should be noted that when it comes
to humanitarian deliveries to dangerous areas (combat
zones and frontline areas), the criteria should also be the
effectiveness of transportation (fulfilling the target task of
providing those in need with humanitarian assistance) and
the safety of transportation (preventing damage and
destruction of drones and cargo due to terrorist attacks,
which is critically important in the case of organizing cyclical
deliveries to the same destinations). In this case, it is
necessary to develop alternative routes with different
intervals and frequency of shipments, which will reduce the
risk of vandalism and ensure a higher level of the logistics
chain performance.

When making decisions on the organization of cargo
transportation by traditional modes of transport, the
parameters of the transport system, the parameters of the
participants in the transport process, the parameters of the
cargo and the parameters of the vehicles are taken into
account (Kush, & Skrypin, 2016). In our opinion, for
unmanned vehicles, it is also necessary to take into account
the parameters of the control system and the parameters of
the external environment. Figure 2 presents a model of
organizing cargo delivery by unmanned aerial systems. It
shows how, based on the above parameters, decisions are
developed regarding the choice of the type and model of the
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UAV, transport packaging, cargo securing system to the
drone, delivery route, navigation system, drone cargo
dropping system, and the issue of selecting appropriate
personnel (the UAV operator who controls the device; the
technical engineer whose duties include maintenance,
repair, and configuration of the devices; a specialist in
processing data from drones). In turn, the decisions taken
ensure the effectiveness and economic resilience of the
humanitarian supply chain, which are assessed by a system
of logistical and socio-economic parameters, parameters of
operational resilience, flexibility and adaptability of delivery
(in particular, financial and time costs for changing the
logistical delivery method, the availability of backup
systems, like spare drones, alternative communication
channels, backup take-off points, etc.).

When organizing cargo delivery in conditions of military
aggression, the most difficult task is to choose a UAV that
will take into account security risks as much as possible. In
our opinion, when choosing a UAV, first of all, it is important
to assess the payload of the drone based on the weight of
the cargo that will need to be transported. On the other hand,
the larger the payload, the larger the size of the drone, and
the more noticeable it will be. Here, it is also necessary to
take into account the distances that the drone must
overcome, and assess possible obstacles and risks.

Second, it is necessary to study the different types of
UAVs available. Each type of drone has its own unique
capabilities and features, so understanding the differences
between them and determining the type and model of UAV
that is most suitable for implementing a particular cargo
delivery task will be key. Third, in conditions of high
uncertainty and danger, it is necessary to consider the safety
features of the selected UAV model, including: obstacle
avoidance functions, automatic flight paths and automatic
landing capabilities. These features will help increase the
safety of the cargo and reduce the risk of its damage or loss.

Fourth, the cost of the drone should be taken into account,
comparing types and models of drones according to the ratio
"drone price - drone functions and capabilities". When
assessing the costs of operating a drone, it is necessary to take
into account the cost of maintenance and repair, as well as the
probability of losing the drone while performing tasks. Fifth, the
choice of UAV for delivering humanitarian aid cargo in
conditions of military aggression depends on the distance to the
epicenter of hostilities and the task being performed, in
particular, for emergency delivery to "zero", when the cargo is
delivered directly to the trenches; for tactical delivery to
positions (5-10 km, the so-called "gray zone"); for logistics
support (15-20 km from the front line).

Delivery of goods by drones is a complex technological
process, which represents the sequential execution of the
following operations (Fig. 3):

1. Receiving an order for the delivery of goods, which
indicates the coordinates of the delivery point and the type
of humanitarian cargo (food, water, blood, medical
supplies), as well as the priority and urgency of the cargo,
temperature regime.

2. Packing the ordered goods at the fulfillment
warehouse in a special moisture-proof and shock-resistant
container so that it can be securely attached to the drone
and ensure the safety of the cargo during delivery. In the
case of the delivery of goods under temperature conditions,
it is necessary to comply with the conditions of the cold
chain, ensuring the use of refrigeration equipment. This
operation also involves calculating the center of mass to
ensure flight stability in windy weather.
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FACTORS INFLUENCING THE ORGANIZATION OF HUMANITARIAN CARGO DELIVERY BY UNMANNED AERIAL SYSTEMS
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Fig. 2. Model for organizing the humanitarian cargo delivery by unmanned aerial systems to war zones
Source: developed by authors.

3. Attaching (fastening) the packaged goods to the
drone using special systems (rigid fastening or mechanical
grips, electromagnets, standard containers for placing
cargo, a winch with a motorized reel, suspension on a
cable). In this case, it is necessary to check the reliability of
the locks in conditions of vibration and overloads when
maneuvering the drone with the cargo, and also take into
account the aerodynamic resistance of the container.

ISSN 1728-3817

4. Pre-flight inspection, including checking the battery
charge (fuel), communication, and testing the mechanism
for unhooking the load from the drone.

5. Drone takeoff, which includes starting the engines,
vertical movement and reaching cruising altitude.

6. Transporting cargo by drone to its destination using
GPS navigation to plot the route and built-in cameras and
sonar (LIDAR, ultrasonic sensors) to avoid obstacles during
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the flight. The operator monitors telemetry (charge, speed,
wind) in real time.

7. Arrival of the drone with the cargo at the destination.
Here, it is important to assess, first of all, the wind gusts near
the ground, the absence of people and animals directly in
the area of potential cargo dropping.

8. Identification of the exact destination by scanning a QR
code, with which customers mark a safe place (customers can
use a specially marked mat) for landing the cargo.

9. Dropping cargo by drone to a location specified by
customers. In conditions of high risk, preference is given to

dropping cargo from a low altitude, without landing the
drone. This minimizes the time spent in a vulnerable state.
10. Returning the drone to the warehouse. When
performing this operation, it should be taken into account
that the drone without cargo becomes lighter, which
changes its sailing ability and reaction to the wind.
Accordingly, the return route can be adjusted to a higher
echelon to save battery power (fuel), if it is safe from the
point of view of air defense and electronic warfare. The route
should also be changed in case of detection of shelling.

Packing the Attaching the
Receiving an ordered goods packaged Pre-flight
order in the goods to the inspection
warehouse drone

Returning the
drone to the
warehouse

Dropping the
cargo by drone

Identifying the
exact delivery
location

Arrival of the
drone with the
cargo at the
destination

Transporting
the cargo by
drone

Fig. 3. Drone cargo delivery technology
Source: developed by authors.

It should be noted that dropping cargo by drone is one of
the rather complex operations. Currently, various dropping
systems are used:

1) mechanical, which are used when dropping cargo
weighing up to 5 kg. These include devices with latches
controlled by a servo motor, latches with a magnetic lock,
and parachute systems;

2) electronic, like servo drives and magnets integrated
with navigation, as well as systems controlled via radio
signal or Bluetooth;

3) pneumatic and hydraulic systems, which are used for
heavy cargo and provide for the possibility of both
simultaneous dropping of the entire cargo and phased,
when the cargo is dropped in different places when
transporting along delivery routes (Drone cargo drop
systems, 2024).

The choice of cargo dropping system is influenced by the
type and weight of cargo, weather conditions and altitude. In
particular, parachute systems are used when dropping
cargo from high altitudes (100+ m), as well as fragile cargo.

In order to transform the delivery of humanitarian cargo
by drones into a controlled system, a process model has
been developed. The process model for the delivery of
humanitarian aid cargo by unmanned aerial systems to
combat zones, presented in Fig. 4, is based on the above-
mentioned parameters of the delivery organization and
technological operations.

The process model presented in Fig. 4 is a fundamental
tool for effective management of the humanitarian supply
chain at the stage of delivery of the "last mile" by unmanned
aerial vehicles to war zones and ensuring its economic
resilience in conditions of military aggression, since:

e it describes in detail a clear sequence of all possible
operations related to the transportation of goods by
unmanned aerial vehicles in critical emergencies, starting
from the moment of receipt of the order to the moment of
delivery of the goods to the end consumer;

o it reflects the risks that may arise at each technological
stage of delivery of goods to high-risk areas, and also
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contains alternative solutions to minimize risks and ensure
flexibility and adaptability of delivery;

e it allows you to identify "bottlenecks" in delivery and
take preventive measures to eliminate them, ensuring
reliability and speed of delivery;

e it standardizes and ensures the reproducibility of the
entire process of using UAVs for cargo delivery, which in
conditions of great danger allows both experienced UAV
operators and beginners to complete the task. This is
important for ensuring the effectiveness and continuity of
delivery;

o it reflects the area of responsibility of all participants;

e it accelerates the training time of UAV operators in real
conditions of military threats.

Discussion and conclusions

As can be concluded from the study, the use of unmanned
aerial systems for the delivery of humanitarian cargo is an
effective solution, especially in conditions of military
aggression, in dangerous (crisis) situations, when a rapid
response is required in conditions of destroyed infrastructure
and lack of human, material and technical resources to save
people's lives, support and have a positive social,
environmental and economic impact on the affected
population. The integration of UAVs into humanitarian supply
chains is especially effective at the stage of "last mile" delivery
— the final stage of the logistics process, when humanitarian
cargo is delivered to the direct recipient.

The developed conceptual model of organizing the
delivery of humanitarian cargo by unmanned aerial systems
to combat zones allows taking into account the main factors
of influence of both the external environment and internal
factors that affect the choice of the type of UAV and
determine the delivery technology. Based on the analysis of
the influence factors, the decision-making process is carried
out on the organization of the delivery of humanitarian cargo
by UAVs. The criteria defined in the model allow assessing
the cost-efficiency and resilience of the humanitarian cargo
supply chain based on mission performance.
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Fig. 4. Process model for delivering humanitarian cargo by unmanned aerial systems to war zones
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The detailing of the technology for delivering
humanitarian cargo by drones allowed us to identify
"bottlenecks" and risks that may arise in the process of
fulfilling the target task, which is important for prompt
response and elimination of dangers during the mission. The
experience of using UAVs to deliver humanitarian cargo in
Ukraine can be further used in other combat zones or
dangerous (crisis) situations for the timely provision of the
affected population and saving people's lives.

The developed algorithmic model of the process of
delivering humanitarian aid by unmanned aerial systems in
conditions of military aggression, based on the parameters
of the delivery organization and technological operations
described in the paper, allows us to standardize the delivery
process in the future, develop appropriate procedures for
controlling this process at all stages and avoid human errors
that may be critical in conditions of military aggression or
disaster. Visualization of the process allows us to quickly
identify "bottlenecks" where the greatest delays or risks may
occur in order to take corrective measures to avoid or reduce
the negative impact.

In practice, the use of the proposed model can become an
effective tool for designing a safe and cost-effective logistics
supply chain for humanitarian cargo for the affected
population. This experience can be scaled up by other
countries. The prospects for further development are to
assess the economic and social efficiency of integrating UAVs
into the supply chain for delivering humanitarian cargo
compared to traditional transport and technological schemes.
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BUKOPUCTAHHA BAC AN 3ABE3MNEYEHHSA EKOHOMIYHOI CTIMKOCTI F'YMAHITAPHUX NAHLIOrB
NOCTAYAHHA B YMOBAX BINCbKOBOI ArPECIT POCIi MPOTU YKPATHU

B ¢ Ty n. AkmyanbHicmb 0ocnidxeHHs1 nonsi2ae 8 HeobxiOHocmi aHanizy 3acmocyeaHHs1 6e3ninomHux agiayiliHux cucmem (BAC) e opzaHizauyii
2yMaHimapHo20 naHyro2a nocmayaHHsi Ons 36epexeHHs1 Xummsi ma HadaHHs1 donomMoau nocmpaxa9oasioMy HacesleHHI0 8 yMoeax 2yMaHimapHoi
Kkpu3u. Po6oma npucesiyeHa po3e ‘a3aHHI0 makux 3agdaHb: Aoc1ioumu cymHicmb ma OCHOBHI XxapaKmepucmuKu eKOHOMIYHOI cmilikocmi 2ymMaHima-
PHO20 flaHyo2a nocmayaHHsi; eusieumu moxnueocmi iHmezpayii BIJ1A y eymaHimapHi naHyroau nocmayaHHsi; o6rpyHmysamu npouyedypy npud-
HamMms piweHHs1 ujo0o eubopy BI/1A; demanizyeamu mexHosio2i4yHuli npoyec docmaeku eaHmaxie OpoHamu. Aemopu eucyearomb maky 2inome3sy:
eKOHoMiYHa cmilikicmb 2yMaHimapHuUXx aHyro2ie nocmayvyaHHsi 8 yMoeax 80€EHHO20 cmaHy 8 YKpaiHu Moxe 6ymu cymmeeo nocusieHa 3a paxyHoK
iHmezpayii 6e3ninomrux asiayilinux cucmem Ha emani "ocmaHHbOI MUsi” 3a yMmoeu Po3po6IIeHHsI: KOHYenmyasnbHoi Modeni op2aHizayii docmaeku
2yMaHimapHuUx eaHmasxie, sska cucmemamusye napamempu cknadoeux mpaHcrnopmHoi cucmemu ma gidobpaxae ixHi 83aeM038'sI3KuU 3 NMPoY,ecom
npuliHaMms piweHHs w000 opaaHi3ayii nepesizHo20 npoyecy, ujo 30Kkpema i susHayae napaMempu oyiHr8aHHS JI02icMUYHO20 NaHyro2a; adanmu-
8HoOI npoyecHoi modeni, sika epaxoesye crneyugiyHi mexHos02i4Hi onepayii i3 mpaHcnopmyeaHHs eaHmaxie BI1J1A, onepayiliHy 2Hy4kicmb i weud-
Kicmb pea2yeaHHs1 Ha KDUMUYHi 3MiHU 8 30Hi KOHGbikmy.

Mema cmammi nonsizae 8 o6r'pyHmyeaHHi meopemu4Hux 3acad ujo0o eKOHOMi4YHOi cmilikocmi 2yMaHimapHo20 NaHyr02a NnocmavaHHs siK iH-
cmpyMeHma peazyeaHHsi Ha 2yMaHimapHy Kpu3y, a mako)x po3pobsieHHs1 KOHyenmyasnbHol ma npoyecHoi Modeseli opaaHisayii docmaeku 2yMaHi-
mapHux eaHmasxie 3a dornomozoro BAC Ha emani "ocmaHHbOI Muni”, sikuli € HaliGinbw eucokoeapmMicCHUM Yepe3 8UCOKi 6e3rmeKoei pusuku y 30Hax
6oliosux dili i Ha NpPughpoHMo8UX MepumMopisix.

Me ToAawn.Y docnidxeHHi sukopucmaHo maki Memoodu: NopieHsAHHS (ONs1 eusiesieHHi 8iOMiHHOCcmel MiX 2yMaHimapHUM i KOMepyiliHUM naH-
yro2amu rnocmavaHHsi), aHanizy i cunme3sy (05151 po3kpummsi cymHocmi ma eue4eHHs ckiadoeux 2yMaHimapHo20 1aHyto2a nocmayaHHs), KOHmeHm-
aHanizy ma 6i6niomempuyHo20 aHani3y (Mpu onpayroeaHHi HayKoeoi limepamypu 3 op2aHi3ayii mocmayvaHHs 2ymaHimapHux eaHmaxie), abcmpak-
mHo-n102iyHUli MemoOd (01151 eusie/IeHHsI KITFOYOB8UX Xapakmepucmuk cmilikocmi naHyro2a nocmayaHHsi), cucmemHuli nidxio (3a po3anady 2ymaHima-
PHO20 NlaHylo2a NocmayaHHs sik ckinadHol cucmemu, wo e3aemModie i3 308HiWHIM cepedosuuieM (KpuzosuMu ymoeamu), i eusHayae ghakmopu, siKi
3abe3neyqyroms io2o0 cmilikicms), y3a2anbHeHHs (ONs1 2pynyeaHHsl YUHHUKI8, W0 ennueatomb Ha iHmezpayito BAC y 2ymaHimapHi naHyro2u nocma-
4YaHHs), MopgbosiozidHull aHani3 (dns o6rpyHmyeaHHsi aubopy BI1/1A). Ansi niomeepoxeHHs 2inome3u 3acmocoeaHo npoyecHul nidxid, uyo doseo-
nuno ¢gpopmanizyeamu npoyec docmaeku 2ymaHimapHux eaHmaxie BI1JIA Ha emani "ocmaHHbOT Muni” 3 Memoro WeudKo20 peazy8aHHs Ha 3MiHU
ma 3abe3neyeHHs1 EKOHOMIYHOI cmilikocmi laHyro2a nocmayaHHsl.

P e3ynbTaTu./JocnidxeHHs noka3ano doyinbHicms iHmezpayii BAC y 2ymaHimapHi naHyro2u nocmayaHHsi Ha emani docmaeku "ocmaHHbOT
muni”. FymaHimapHull naHyro2 nocma4aHHs € CKila0oeoro MexaHi3My ynpaesiHHs1 2yMaHimapHUMU Kpu3amu i sienisie coboro iHmeapoeaHy cucmemy
nnaHyeaHHsi, 3aKyniesi, mpaHcrnopmyeaHHs1 ma po3nodiny 2yMaHimapHUX eaHmaxie Onsi HacesleHHs, Wo nocmpaxdasio ei0 80EHHUX KOHGikmie abo
kamacmpodh. B po6omi po3kpumo oCHO8Hi xapakmepucmuKu 2yMaHimapHo20 JlaHYyro2a rocmayaHHs1 ik ckriadHoi ma OuHamidHoi cucmemu. [nsi cmitikocmi
2yMaHimapHuXx naHyro2ie nocmavaHHsi 8 yMoeax HegU3HayeHocmi, eaxiuei maki mpu cknadosi: cmpamezidHe pe3epeyeaHHsi, paduKanbHa 2HyYKicmb i
KnacmepHa Kynbmypa pea2yeaHHsi. EkoHoMiuyHa ckinadoea cmilikocmi 2yMaHimapHUX slaHyro2ie mocmayaHHs eknto4ac: 0ompuMaHHsi MpuHyuny eghekmue-
Hocmi eumpam i 3a6e3nevyeHHs1 cmilikocmi Yepe3 MiHimMi3ayito eumpam; ¢hiHaHco8y 2Hy4Kicmb i MOXJ/IUGICMb NepeHanpassisimu Kowmu 3 00HO20 eudy
doromozu Ha iHwuli 3a 3MiHuU cumyauii. Y npouyeci ouyiHo8aHHs eKOHOMi4YHOT cmilikocmi ouiHIOOMb Maki napamempu: cmyniHb 8UKOHaHHSI 3as18KU; CXOPOH-
Hicmb i mo4Hicmb docmaeku eaHmaxy, weuokicmb docmaeku, 6esneqyHicms. B po3pobrneHux Modesisix paxo8aHO maki MoKka3HUKU eKOHOMi4HOT cmilikocmi:
nokasHuUK ycrniwHocmi micit, Yac eiOHoeseHHs1 cepsicy, koegiyieHm docmynHocmi mapwpymis. 3 noansdy coyianbHO-eKOHOMIYHUX napaMempie 8aXueo
epaxyeamu iHOekc docmynHocmi dornomoau ma eapmicme 8PsiMoeaHo20 Xummsi.

BusienneHo kpumepii oyiHr08aHHs1 UKOHaHHs1 Micil, 30kpema: coyianbHO-2yMaHimapHull Kpumepil, Kpumepil MiHimMi3ayii Yacy, Kpumepili eKoHo-
MiYHUX eumpam Ha eUKOHaHHs1 3ae0aHHs1 3 docmaeku, pe3y/bmamueHicms i 6e3neyHicmb nepeee3eHHs1 3 ypaxyeaHHsIM rnapamempie Kepyr4oi
cucmemu ma napamempie 308HiWHL020 cepedosuuja. 3anpPornoHo8aHoO KOHUenmyasnsHy MoOesib op2aHi3ayii docmaeku 2ymaHimapHux eaHmasxie,
fKa cucmemMamusye napamempu cki1adoeux MpaHCMopmMHoOI cucmemu, 8usHa4ae napamMempu oyiHI8aHHs1 102iCMUYHO20 NaHyo2a.

B 1 cHoBKM.Po3pobneHa adanmueHa npoyecHa Mmodesib docmaeku 2yMmaHimapHoi dornnomoau BAC y eoeHHull Yyac, sika 6asyembcsi Ha onuca-
Hux e po6bomi napamempax op2aHi3ayii docmaeku ma mexHosi02i4HuUX onepauyisix, 0ac 3mo2y ghopmainizyeamu npoyec docmasku ma lio2o eiomeo-
prosaHicmb, a makox egheKmueHo ynpaensamu pusukamu. Ha npakmuyi eukopucmaHHsi 3anporioHogaHoi Modesii Moxe cmamu egeKmueHUM
iHcmpymeHmMom npoekmyeaHHs1 6e3re4Ho20 i eKOHOMiYHO 06I'PYHIMOBaH020 J102iCMUYHO20 JTaHU02a MocmaYvyaHHsl 2yMaHimapHo20 eaHmaxy onsi
nocmpaxdasno20 HacesleHHs 8 30HU Kpumu4Ho20 6e3nexkoeozo pu3suky. Ljeli doceid moxe 6ymu macwmaboeaHo iHWUMU KpaiHamu.

Kno4yoBi cnoBa:rymaHiTapHi BaHTaxi, NnaHLor NOCTaBOK, EKOHOMiYHa CTilKicTb, 6€3niNoTHUIA NniTanbHUI anapart, 6e3ninoTHa aBiauiiHa
cuctema, eheKTUBHICTb, TPAHCNOPTYBaHHSA, TEXHOOTIs.

ABTOpM 3a8BNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Gpanu y4acTi B po3po6neHHi AocnimKeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNUCaHHi PyKOMUCy; B PiLlLieHHi Mpo nybrnikaLjito pesynbTaTis.
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