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Abstract. This study focuses on optimizing the process of defining responsibility zones within 
the context of leasing for small aviation using an Enterprise Asset Management (EAM) system. 
The management of responsibility zones is crucial in the leasing process of small aviation, and 
the application of EAM systems enhances efficiency. The paper examines the complexities 
involved in determining responsibility zones and proposes an innovative conceptual model that 
leverages EAM technology. The model facilitates the accurate allocation of responsibilities, 
streamlines leasing operations, and contributes to the overall efficiency of the small aviation 
leasing industry. The practical significance of this research lies in its potential to enhance 
the precision and effectiveness of responsibility zone determination, ultimately benefiting the 
management of small aviation leasing operations.
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Аннотация. Данное исследование посвящено исследованию оптимизации процесса 
определения зон ответственности в рамках лизинга для малой авиации с использованием 
системы управления активами предприятия (EAM). Управление зонами ответственно-
сти имеет решающее значение в процессе лизинга для малой авиации, и применение 
EAM-систем повышает его эффективность. Актуальность данного исследования заключа-
ется в возможности повысить точность и эффективность определения зон ответственно-
сти, что в конечном итоге благоприятно скажется на управлении лизинговыми операци-
ями малой авиации. В статье рассматриваются сложности, связанные с определением зон 
ответственности, и предлагается инновационная концептуальная модель, использующая 
технологию EAM. Модель способствует точному распределению обязанностей, оптими-
зирует лизинговые операции и повышает общую эффективность лизинговой отрасли ма-
лой авиации.
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Introduction
In the modern world, the development of the aviation industry is becoming a key factor for 

ensuring global economic integration and socio-cultural development. An important compo-
nent of this industry is small aviation, which has significant advantages in mobility and com-
munication, providing transportation of passengers and cargo to remote regions with limited 
access. There is a great potential for the development of small aviation in Russia, which is 
the only means of transport accessibility in most parts of the country and in many regions is 
the dominant component of the transportation system. Nevertheless, there are only 3.1 small 
aircraft per 100 thousand people, which indicates a low level of development of this industry 
(Petrenko, 2016; Prosvirina, 2020; Sokolov, 2007). The results of the analysis of the state of 
civil aviation in Russia and the prospects for the development of air transportation emphasize 
the need to find technical and financial solutions to meet the needs of operators and aircraft 
manufacturers. Aircraft fleet renewal requires significant investments, and leasing is the most 
promising form of investment activity for civil aviation. Foreign statistics shows that more than 
half of aircraft in the world are acquired through leasing transactions.

The development of leasing operations in the Russian market began since the inclusion of 
the term "Leasing" in the Civil Code of the Russian Federation in 1995. The law "On Finan-
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cial Lease (Leasing)" in the edition of 04.11.2014 N 164-FZ regulates this sphere, considering 
changes and additions since its adoption in October 1998 (Federal Law of October 29, 1998). 
This law provides a definition of the term "leasing" as a set of economic and legal relations aris-
ing under a leasing agreement, which includes the acquisition of the leasing object. The leasing 
agreement, in turn, is an agreement under which the lessor undertakes to purchase property 
from the seller and provide it to the lessee for temporary possession and use for a fee.

To date, the concept of "Aviation leasing" is widespread, which is a specific type of leasing, 
where the objects are aircraft together with the relevant infrastructure and equipment. The main 
principles of aviation leasing organization include urgency, payment, and cost-effectiveness. 
Based on these principles it is possible to formulate the essence of aviation leasing as a complex 
economic and legal relations between three main subjects: lessor, lessee, and seller (Kabirov, 
2017; Efimov, 2010; Dun, 2012). Within the framework of such relations the investing leasing 
company acquires a certain aircraft or other aviation property from a particular manufacturer 
and provides this property for temporary possession and use to the lessee for regular leasing 
payments. At the same time, such a scheme provides an opportunity for commercial flights and 
provides for the transfer of ownership in the future.

Comparing aircraft leasing with other delivery schemes, the following advantages can be 
emphasized (Baeva and Ismagilova, 2023; Buryatin, 2019; Dobrovolsky, 2011):

1. A flexible payment scheme in which the bulk of the payments can be deferred to a later 
period. This is especially relevant for aircraft which, after a long period of use on route net-
works, begin to bring more significant profit;

2. Absence of the aircraft on the airline's balance sheet, which excludes an increase in its 
assets and exempts it from paying property tax;

3. Exposure of aircraft, acting as objects of leasing, to accelerated depreciation.
To solve this problem, it is proposed to investigate the potential of applying advanced En-

terprise Asset Management (EAM) technology in small aviation. EAM systems, with their high 
efficiency, can significantly contribute to improving the transparency, control, and coordination 
of asset management processes, including aircraft and related equipment. By systematically 
analyzing data on the condition, maintenance and operation of aircraft, EAM systems not only 
provide more accurate information on the current condition of assets and their technical read-
iness, but also have the potential to be a powerful tool for analyzing incidents, identifying root 
causes, and determining responsible parties.

Materials and Methods
Digital transformation and the introduction of the latest technologies have become an im-

portant factor in today's aviation industry, including small aviation. As part of the drive to 
optimize asset management processes and improve aircraft lifecycle efficiency, aviation com-
panies are increasingly turning their attention to CALS (Continuous Acquisition and Lifecycle 
Support) technologies. CALS technology is a concept and methodology for product lifecycle 
management, including the phases of development, production, operation and maintenance 
(Sazonov et al., 2018). In small aviation CALS-technologies are of special importance, as they 
allow to optimize asset management, perform operational control over aircraft condition and 
improve coordination of work of all links of the production process. At the same time, CALS 
technologies provide a unified information environment for collecting, storing and analyzing 
data on aircraft operation and maintenance (Zaitsev, 2022). This integration of data from var-
ious life-cycle participants creates a single information resource available to all stakeholders. 
This provides transparency and accuracy of data, which can simplify the process of determining 
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responsibility when incidents or accidents occur. 
One of the representatives of CALS-technologies in the field of asset management is 

EAM-systems. EAM focuses on the effective management of enterprise assets throughout their 
life cycle, including equipment, machinery, vehicles and other physical assets. It is a complex 
integrated software specifically designed for the management of physical assets of enterprises, 
allowing to automate maintenance and repair (MRO) processes, modernize the processes of 
repair and maintenance management of equipment to improve their efficiency, as well as inte-
grating all participants of the life cycle within a single information field. EAM is a continuation 
and development of the Asset Management concept, which was introduced by international 
standards of ISO 55000 series (ISO 55000:2014). The system helps to increase the efficiency 
of processes, reduce the probability of downtime and maintain maximum availability of equip-
ment, which ultimately reduces the cost of its operation and increases the profitability of the 
enterprise. 

EAM provides a wide range of tools for equipment and infrastructure management, includ-
ing (Antonenko, 2015; SMB-Test, nd.):

1. Inventory and spare parts management. EAM allows to optimize inventory and spare parts 
management, minimizing the costs of their storage and acquisition. The system helps determine 
optimal inventory levels based on equipment utilization and forecasting;

2. Technical Data Management. EAM allows you to store and manage all necessary in-
formation on equipment specifications, including operating instructions, technical drawings, 
schematics, etc.;

3. Preventive maintenance and repair management. With EAM you can create and plan 
preventive maintenance and repairs of equipment based on its technical condition, as well as 
monitor their fulfillment;

4. Monitoring and evaluation of equipment technical condition. EAM allows you to collect 
and analyze data on the condition of equipment, which allows you to determine the need for 
preventive maintenance and repair;

5. Application of technology of technical condition forecasting. On the basis of data analysis 
the system allows to plan maintenance of units and equipment in advance;

6. Spare parts and materials order management. With the help of EAM it is possible to create 
and track orders for spare parts and materials, as well as to control their fulfillment;

7. Documentation Management. EAM allows you to store and manage all necessary doc-
umentation related to equipment and infrastructure, including quality certificates, warranties, 
etc.;

8. Analytics and Reporting. EAM allows you to analyze data on equipment and infrastruc-
ture usage, evaluate their efficiency and identify areas for improvement. The system also pro-
vides extensive reporting and dashboarding capabilities;

9. Efficient management of assets and maintenance processes with a single hub for asset and 
equipment information.

Before analyzing the application of EAM technologies to the task of defining areas of re-
sponsibility, specialized software modules and system features that optimize multiple phases of 
the aircraft life cycle should be studied.

First, EAM provides a system for aircraft condition analytics and event forecasting that takes 
as input data from aircraft sensors based on IoT technologies, as well as business data contain-
ing information on operating modes and maintenance activities (Ivanov et al., 2018; Stepanova, 
2014). Collecting and combining such a wide layer of data in a single information environment 
allows analysis in new and more detailed sections of information, realizing Condition Based 
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Maintenance (CBM) and Predictive Maintenance (PdM) strategies.
CBM, or Condition Based Maintenance, allows maintenance of equipment based on its ac-

tual condition and performs work only when there are certain signs of malfunction or wear of 
on-board equipment (Rodionov and Kalinina, 2014). In turn, PdM, or predictive maintenance 
method, uses data analysis to predict the need for maintenance or parts replacement before clear 
signs of failure occur. In this way, the operator can supplement traditional preventive mainte-
nance and condition-based inspections with more accurate and effective strategies that can be 
used to inform Maintenance Programs and Plans.

EAM also includes an Asset Strategy and Performance Management solution that provides 
specialized tools that support all types of analysis in use - RCA, RCM, FMEA and PM Review 
(SAP, nd). The specialized tools in EAM are highly accurate and focused on specific tasks. For 
data analysis, the system provides quality and reliable information because data is collected and 
analyzed automatically. The high reliability of the tools is also due to the use of new aircraft con-
dition analytics technology, which provides valuable information for further analysis of system 
reliability and finding the causes of failures. Moreover, the system allows for the integration of 
analytical results with other modules, which facilitates equipment management and reduces de-
cision-making time. The software module also allows you to create effective reliability-oriented 
Maintenance Programs and Plans based on the analysis performed by the tools (Sharafeev and 
Ermolenko, 2013). This approach ensures continuous monitoring and continuous improvement 
of the Maintenance Program, allowing you to balance maintenance costs against risks. Thus, it 
is possible to achieve a more efficient use of resources and reduce the probability of breakdowns 
and costly repairs.

As part of the system, a joint asset management service has been implemented, providing the 
possibility of information exchange between the operator and the equipment manufacturer with-
in a single network channel, which allows them to have access to a "single version of the truth", 
i.e., to a common database with information on assets. This simplifies the process of interaction 
and collaboration between the operator and manufacturer and ensures harmonized processes 
across a single business network. As a result, the operator and manufacturer can exchange infor-
mation on asset condition, failures, spare parts and maintenance recommendations more quickly 
and accurately. This approach increases the efficiency of work, reduces the time for information 
retrieval and transfer, and improves the quality of aircraft repair and maintenance.

Integration of EAM-system with ERP allows planning of MRO, equipment, and repair crews 
to perform the planned work. All information flows are synchronized between the systems, which 
allows to improve the efficiency of aircraft repair and maintenance management, reduce down-
time, increase aircraft availability, and optimize the level of resources and stocks in warehouses 
required for aircraft maintenance. A set of procedures implemented with the help of EAM allows 
to build a process in full compliance with the concept of integrated logistics support, allowing 
to improve the efficiency and optimization of MRO processes, as well as to increase the level of 
transparency and coordination of all stakeholders.

Results and Discussion
As mentioned earlier, EAM is a set of technologies that collect, store and analyze data from 

all participants in the aircraft lifecycle. These technologies are mainly used to optimize asset 
management and provide better control over maintenance and operations processes (Ilin et al., 
2017; Kuzmenko, 2018). However, the potential of EAM can also be applied to analyze the 
determination of liability for incidents and accidents in small aviation. Focusing on the issue 
of liability, it is worth noting that the delineation of liability for various events and incidents 
between life-cycle participants is based on unique contractual provisions. These provisions are 
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developed by experts individually for each leasing company and there may be many variants of 
liability delimitation. Therefore, this paper will not focus on examples of specific delineations, 
as the primary and most difficult task is to establish the causes of incidents, after which iden-
tifying the responsible party is a relatively trivial task. Instead, the focus will be on analyzing 
the potential of applying EAM systems to situations that are of concern to leasing companies 
due to the difficulty of determining root causes and gathering evidence, namely, parts failures 
and airplane crashes.

Airplane crashes, in addition to the tragic consequences for people, also have huge financial 
implications. The loss of aircraft, passengers and cargo is accompanied by significant costs for 
compensation, investigations and possible lawsuits. Part failures also pose a significant threat 
to flight safety and efficiency (Makhotkin, 2008; Martirosyan and Pavlyuk, 2018). Despite 
rigorous technical inspections and maintenance, even the smallest defects can lead to serious 
consequences and costly repairs. Considering the above situations, it is necessary to highlight 
the main causes of their occurrence in order to further explore the possibilities of their identi-
fication based on the components of EAM systems.

Aircraft crashes occur due to diverse reasons, such as:
1) Technical Failures: One of the main factors causing airplane crashes is technical failures 

of aircraft or aircraft components. Malfunctions in engines, control systems, fuel systems, and 
other critical components can lead to loss of control of the airplane and crash;

2) Manufacturing Defects: Defects discovered during the manufacturing of aircraft or air-
craft parts can lead to serious consequences during operation. Problems with materials, assem-
bly, or quality can lead to unexpected failures;

3) Improper operation: Piloting errors and improper handling of aircraft is another common 
cause of airplane crashes. Incorrect maneuvers, improper takeoff and landing procedures, and 
failure to follow safety protocols can cause serious incidents;

4) Weather: Extreme weather conditions such as high winds, thunderstorms, icing, and poor 
visibility can severely impact flight safety. Uncontrolled changes in weather can cause piloting 
difficulties and lead to airplane crashes.

Parts failure:
1) Manufacturing defects: Defects that occur during the manufacturing of parts or equip-

ment can be a source of unpredictable failures during operation. Poor quality materials or as-
sembly can lead to serious consequences;

2) Wear and Aging: Constant use and operation of aircraft causes parts to wear and tear. 
Over time, defects and damage can occur that can cause breakdowns;

3) Failure to keep up with maintenance: Failure to perform regular maintenance and repairs 
can lead to degradation of parts and equipment. The need for replacement or repair can occur 
suddenly, increasing the risk of accidents;

4) Maintenance error: Improper maintenance and repair can also lead to parts failure. Im-
proper installation or adjustment of parts can lead to defects and additional problems;

5) Exposure to external factors: Aircraft can be exposed to various external factors such as 
weather conditions, mechanical damage, and others. These factors can cause parts and equip-
ment failure, even during normal operation.

In order to better understand the relationship between the incident that occurred and vari-
ous factors, and to prevent similar incidents in the future, companies need to conduct detailed 
analysis using a variety of methods and available data (James and Lee, 2004). In this context, 
EAM systems have significant potential for structuring and analyzing aircraft information. The 
set of tools used in such systems allows for a deeper understanding and analysis of the events 
and possible causes that influenced the development of the incident (see table 1).
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Table 1. The capabilities of EAM systems and their 
potential application for incident root cause analysis

Analysis tools Application potential

Base of analytics of the 
state of AF components

An aircraft component condition analytics database can be consulted to 
analyze the incident that occurred. This database may contain historical data 
on the condition of parts and components, showing signs of degradation or 
anomalies that may have led to the incident. Using this data, it is possible 

to determine if there were any warning signals of a possible failure.

Collection of maintenance 
and operational data

Information on routine maintenance, parts replacement and operating conditions helps 
to understand what actions were taken prior to the incident and under what operating 
conditions. This data may indicate inadequate maintenance, missed inspections, failure 

to observe weather conditions or other factors that may have affected flight safety.

Collecting data from 
component manufacturers

In the event of an incident, access to parts data from component manufacturers can be 
quickly established. This data may include documentation, technical specifications, operating 

recommendations, and other details. Analysis of this data can identify possible scenarios 
related to component defects or events that may have contributed to the incident that 

occurred. Additionally, this analysis can lead to the identification of causal factors such as 
manufacturing defects or defects that may have been inherent in a particular batch of parts.

Information on RCM 
analysis results and 

developed Maintenance 
Programs

The results of the reliability analysis as well as the MRO program can be valuable in 
analyzing incidents that have occurred. By correlating the data from the RCM analysis 
with the actual incident events, it can be determined whether the risks and potential 

causes of failure have been addressed in the applicable Maintenance Program.

Digital twin
Using a digital twin of aircraft and components, a virtual simulation of an incident can 

be conducted. This will help to understand what parameters and scenarios could have led 
to the incident and what changes in conditions could have prevented it from occurring.

After identifying the main factors contributing to incidents and determining the available 
analysis tools within EAM systems, it is important to correlate them (see table 2 and table 3). 
In the case of leasing companies focused on the provision of aircraft for operation, this system-
atization may have important practical applications.

Table 2. A comparison of the causes of airplane crashes and potential root cause analysis tools

Possible causes Analysis tools Rationale for use of the tool

Technical faults

Aircraft component 
condition analytics 

database

Analyzing historical data on the condition of parts and 
assemblies can identify signs of degradation or anomalies 

that may have contributed to technical failures.

Collection of maintenance 
and operational data

Information on maintenance performed and parts replaced may indicate 
failure to perform regular maintenance or insufficient attention to the 

condition of components, which may have led to technical faults.

Data collection from 
component manufacturers

Analyzing parts data and specifications from manufacturers 
allows you to identify defects or inconsistencies that 

may have caused technical malfunctions.

Information on RCM 
analysis results and 

developed Maintenance 
Programs

Analysis of unaccounted risks or inaccuracies in the 
design of the Maintenance Program may explain the 

cause of the technical failure of the equipment.

Manufacturing 
defects

Data collection from 
component manufacturers

Manufacturing performance and component inspection data can 
reveal the presence of defects made at the manufacturing stage.

Base of analytics of the 
state of AF components

Analysis of historical data on the condition of parts and 
units allows to identify signs of early degradation of elements 

earlier than the manufacturer's stated period of time.
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Possible causes Analysis tools Rationale for use of the tool

Improper use

Base of analytics of the 
state of AF components

Historical data on operating modes can help identify 
non-standard utilization scenarios that may have led 

to improper operation and airplane crashes.

Collection of maintenance 
and operational data

Identification of discrepancies in the validity of data on maintenance 
performed and operating modes may signal the cause of an airplane crash.

Weather 
conditions

Base of analytics of the 
state of AF components

Data on component response to extreme weather conditions 
can help identify which components suffered degradation due 

to weather factors that may have led to the airplane crash.

Collection of maintenance 
and operational data

Data on aircraft operating modes and conditions can help 
identify situations in which aircraft crashes have occurred 

due to operation in hazardous weather conditions.

Digital twin
Virtual simulation of flight scenarios in different weather conditions 
allows us to determine which parameters could have influenced the 

occurrence of an airplane crash in extreme weather conditions.

Table 3. Comparison of causes of aircraft parts failures and potential root cause analysis tools

Possible causes Analysis tools Rationale for use of the tool

Manufacturing 
defects

Data collection from 
component manufacturers

Part documentation and performance data can reveal defects 
or inconsistencies that were inherent in the parts at the 

manufacturing stage and may have caused a defect.

Base of analytics of the 
state of AF components

Analysis of historical data on the condition of parts and 
units allows to identify signs of early degradation of elements 

earlier than the manufacturer's declared period.

Wear and aging

Base of analytics of the 
state of AF components

Historical data on the condition of parts can reveal the extent of wear and 
degradation, which can be the cause of failures due to aging components.

Collection of maintenance 
and operational data

Data on regular replacement and maintenance of parts can indicate the 
extent of wear and areas requiring special attention. Lack of replacements 
can lead to unacceptable wear and ageing, increasing the risk of failure.

Failure to 
comply with 
maintenance 

schedules

Collection of maintenance 
and operational data

Failure to meet maintenance schedules can lead to component 
degradation and increase the likelihood of failure. Analyzing 
maintenance and replacement data can help you determine if 

failure to meet maintenance schedules was the cause of failures.

Service error

Base of analytics of the 
state of AF components

Historical data on the condition of parts and assemblies can 
reveal inconsistencies and defects that may have occurred 

due to errors in previous maintenance or repairs.

Collection of maintenance 
and operational data

Missing maintenance records or improperly performed maintenance 
can lead to defects and part failures. Analyzing maintenance records 

can reveal errors and inconsistencies that caused the failure.

Impact of 
external factors

Base of analytics of the 
state of AF components

Data on how parts react to external factors, such as mechanical 
damage or weather conditions, can reveal which components 

have been affected and may have caused failure.

Digital twin
Virtual simulations of the effects of various external factors 
on components provide insight into what exposure scenarios 

may have caused parts and equipment failures.

The application of the presented methodology for analyzing incidents and aircraft break-
downs using EAM-systems tools opens up significant prospects for improving safety and re-
liability in the aviation industry. The integration of data on component status, maintenance, 
reliability analysis and other aspects into a single information space facilitates a deeper and 
more systematic analysis of the events that occurred. This approach not only identifies the spe-
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cific causes of incidents, but also the context and interrelationships between the various factors.
Moreover, the use of this methodology can have a significant impact on determining the 

degree of responsibility for incidents and breakdowns. A systematic analysis based on objective 
data helps to better identify those responsible for the events that occurred, helping to prevent 
unfounded accusations and provide an objective evidence base.

Conclusion
This paper presented a methodology for analyzing aircraft incidents and breakdowns, taking 

into account the active use of EAM-systems tools. Analyzing the main causes of aircraft acci-
dents and parts defects, an approach was developed focused on systematization and analysis of 
data received from various participants of the aircraft life cycle. The merging of this informa-
tion into a single information platform enables systematic and in-depth analysis of the events 
that occurred. This new perspective of data utilization allows the identification of not only the 
surface causes, but also the root causes of incidents, contributing to a more complete under-
standing of the context and dynamics of events.

Of particular note is the ability of this methodology to have a significant impact on the 
process of identifying responsible parties for incidents and defects. A more accurate and objec-
tive analysis based on concrete data serves as a safeguard against unfounded accusations and 
provides an objective basis for identifying actual responsibility. These measures contribute to a 
more balanced and fair mechanism for determining the guilty parties.

Thus, the use of the proposed incident analysis methodology with the integration of EAM 
systems opens new horizons for improving the efficiency and confidence of leasing companies 
in small aviation. This approach facilitates more in-depth and detailed analysis of events, accu-
rate determination of actual responsibility and, as a result, contributes to further improvement 
of the small aircraft operation system.
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