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INNOVATIVE TRAINING COMPLEX WITH ENGINEERING SUPPORT: A NEW
LEVEL OF TECHNICAL EXPLOITATION OF AVIATION

Abstract. This research explores the creation of a novel training complex that includes an
engineering support system specifically designed for the technical management of military and
specialized aviation equipment. The importance of this study stems from the need to improve the
training efficiency of engineering and technical staff, given the growing technical complexity of
aviation equipment and the increasing demands for aviation safety. The main aim of this research
is to develop an adaptive educational platform that integrates digital twins of aviation systems,
fault diagnosis algorithms, and intelligent methods to tailor the educational process. Within this
study, the architecture of a comprehensive engineering support system was devised, which
includes data collection, digital modeling, and analytics. An adaptive learning algorithm has been
introduced, which takes into account the trainee's skill level, experience, and progress in
mastering the material, thereby automatically adjusting the curriculum. The use of virtual
simulators and simulation models enabled the development of a flexible training system that
closely mirrors the actual operating conditions of aviation equipment. To evaluate the proposed
system's effectiveness, experimental testing was carried out, comparing the training results of two
groups of engineering and technical personnel: the experimental group (using adaptive training
with digital models) and the control group (using traditional training methods). The findings
showed that the new training complex reduced response time to emergencies by 22%, lowered the
number of errors by 30%, and improved the accuracy of procedure execution by 18%. The
adaptive training system developed is highly flexible, allowing for customization and integration
with modern predictive diagnostics methods for aircraft malfunctions. Implementing such a
complex in the training of specialists will enhance aviation safety, reliability, and the economic
efficiency of technical aircraft operations.

Keywords: aviation equipment, engineering support, digital twins, adaptive learning,
training complex, fault diagnostics.

Introduction.

Modern aviation, both military and civil, is a complex technical system that requires strict
compliance with the rules and standards of operation, maintenance, and repair developed by
international organizations in aviation security. The main principle in aviation is to reduce the time
aircraft spend on the ground [1]; this factor directly depends on the level of training of service
engineering personnel and ensuring high-quality technical operations. In connection with the
above, the development of training complexes with integrated engineering support systems is an
urgent task to increase the reliability and combat readiness of aviation equipment.

To ensure the reliability of intelligent simulators, imitation of the real operating conditions
of aircrafts is used by implementing modelling technologies, digital twins, and artificial
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intelligence. The introduction of such a simulator will improve the efficiency of training
engineering and technical personnel in the aviation industry through the use of multiscenario
modes, which will allow the simulation of all possible circumstances that may arise during
operation and repair.

Today, simulators for training flight personnel have become widespread in the aviation
industry, having received good reviews from both personnel and regulatory authorities in the
aviation sector, and the potential of simulator complexes for engineering and technical personnel
has not been fully realized [2]. Simultaneously, ensuring a high level of technical maintenance will
improve aviation safety and ensure the long-term operation of the equipment. Therefore, the use
of such a simulator complex with engineering support tools can significantly increase the
effectiveness of training in the educational environment and provide an expansion of training
scenarios for retraining and advanced training of engineering personnel without significant
financial investment from stakeholders.

The scientific novelty of this study lies in the development of a training complex that
combines realistic modelling of the processes of maintenance and operation of aircraft equipment,
intelligent fault diagnostic systems, and automated training tools for engineering and technical
personnel. If we compare the training complex proposed in this study with those that currently
exist, we can highlight the following competitive advantages: the presence of a digital platform
that provides access to regulatory documentation, analytical data on the progress of trainees, and
the availability of fault-finding algorithms.

The purpose of this study is to develop a training complex with an engineering support
system for the technical operation of aircraft for various applications. To achieve this goal,
researchers have set the following number of tasks:

1. Develop an integrated engineering support system architecture that includes digital
models of aircraft and fault-diagnostic algorithms.

2. Develop an algorithm for the adaptive training of engineering and technical personnel
considering aircraft specifications

3. Assess the effectiveness of the developed system and traditional methods for training
aviation specialists.

According to the authors [3], one of the promising areas for the development of such systems
is the use of digital twin technology for aviation equipment, which allows for the simulation of
operational processes and modelling of all types of malfunctions. However, modern literature
focuses on civil aviation, and the adaptation of such systems for military and special equipment
requires significant work on the modification and consideration of the specifics of operation of
such equipment [4].

Another direction that has been actively developed in recent years is the use of automated
maintenance and repair management systems integrated with intelligent algorithms to predict unit
failures [5] and automatic diagnostic processes [6] of aviation equipment. The use of such
integrated methods increases the efficiency of fault detection and generates automatic
recommendations for their elimination.

Another problematic issue is the insufficient material and technical base of educational
institutions in the field of aviation specialist training, which leads to a lack of practical experience
among graduates [7]. The introduction of such simulator complexes into the training process will
improve the level of training of engineering and technical personnel and reduce the likelihood of
errors under real working conditions [8].

Therefore, the development of a simulator complex with an engineering support system is
associated with challenges in the operation and maintenance of aviation equipment [9]. The
introduction of such a complex process of training engineering and technical specialists will ensure
an increase in the level of aviation safety, reliability, and economic efficiency of aviation
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equipment, which in turn will have a positive effect on the combat capability and operational
readiness of aircraft [10].

Materials and methods.
To achieve the project objectives, researchers have developed an integrated system
architecture. Figure 1 illustrates the architecture of the integrated system.
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Figure 1 — Structural diagram of the integrated system architecture

The architecture shown in Figure 1 includes a data collection level (sensors and sensors) and
temperature, pressure, and mixture sensors. The next level is the digital twin level, which is a
simulation model of aviation equipment that includes an object (aircraft) and a tool (deicing
machine). The last is the analytical level, which is necessary to assess the correctness of a trainee's
actions. The anti-icing preparation of an aircraft is one of the important stages in preparation for
departures, because upon reaching certain altitudes, the aircraft encounters extremely low
temperatures, down to -50 -60 degrees. To improve the efficiency of training engineering and
technical personnel, the use of the adaptive learning algorithm shown in Figure 2 was proposed.
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Figure 2 — Block diagram of the adaptive learning algorithm

The block diagram of the adaptive learning algorithm shown in the figure includes five main
stages:

Stage 1. Determine the trainee’s training level conductinging an entrance test to assess the
theoretical knowledge of anti-icing treatment, including regulations, standards, and methods of
treatment, as well as practical skills (experience with equipment, reagents, and heating systems).
Analysis of the presence of experience in this type of service (beginner: up to 1 year, specialist:
from 1 to 5 years, expert: from 5 years). The system created a personal training plan based on the
initial data.

Stage 2. Selection of the training model. Based on the results obtained from testing the
trainee, the system selected an appropriate training model. The developed system includes three
training models: beginner (studying the theoretical course and consolidating the material in basic
practical exercises), specialists (practical exercises in more difficult weather conditions), and
experts (simulation of emergency situations and training of non-standard cases).

Stage 3. Theoretical training. Access of trainees to electronic training materials developed
by international organisations in the field of aviation security, study of interactive cases (incident
analysis and study of the most common errors), and testing on the studied material.

Stage 4. Practical training with virtual modelling elements: Virtual simulator with integrated
digital twins of aircraft (practising basic algorithms for anti-icing treatment and simulating various
weather conditions). Testing professional skills in the control scenarios.
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Stage 5. Evaluation of the effectiveness and adaptation of the training. Final testing.
Evaluation of errors and analysis of error data. Correction of the training plan (study of additional
modules and in-depth training on the simulator).

To evaluate the effectiveness of the developed simulator complex and traditional training
methods, a comparative analysis was used within the framework of the project, within which a
sample consisting of two groups of 14 people was formed, in accordance with the requirements
for training specialists. These groups underwent an entrance test to determine their levels of
knowledge. After completing the theoretical course, an exit test was conducted to assess
knowledge, a practical exam with modelling of various anti-icing training situations. The Student’s
t-test was used to compare the results between the two groups.

Results.

For the developed adaptive learning algorithm, software was developed that includes an
interface written on the PyQt technology stack for graphical representation. Adaptive learning
logic has been implemented, including determining the level of knowledge of the student by
passing a theoretical test, after which a personal learning plan is generated, monitoring the student's
progress, and adjusting the learning plan. The software used is shown in Figure 3.
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Figure 3 — Appearance of the adaptive learning program

The software shown in the figure includes a front-end interface with three buttons. When pressed,
or student goes to a specific subprogram, such as a test base, training materials, and an analytical block.
After completing the theoretical part, the student goes to the practical part; the external program for
completing the practical part is shown in Figure 4.

186



A3aMaTTBIK aBUAIUS aKaJIEMUSCHIHBIH XKaPIIBIChI Ne1(36)2025

Figure 4 — external view of the practical implementation of the simulator

Figure 4 shows the implementation of the practical part of the training complex in the Unreal
Engine software environment. The training complex is a digital model of an aircraft and an anti-
icing machine from a cradle, where the trainee must process the fuselage of the aircraft. Analysis
of the exit test results showed that the results in the experimental group were 18% higher than
those in the control group. The practical exam showed that trainees in the experimental group
responded 22% faster to emergency situations, and when analysing the implementation of anti-
icing protection procedures, it was found that the experimental group made 30% fewer mistakes.

Conclusion and discussion.

The development of the training complex made it possible to create an innovative platform
for training engineering and technical personnel in aviation enterprises. The study conducted
within the framework of this study confirmed the hypothesis regarding the effectiveness of virtual
reality. The inclusion of intelligent technologies in the training process provides a better
understanding of theoretical knowledge, improves practical skills, and allows the simulation of a
large number of non-standard situations.

An important advantage of the developed training complex is the flexibility and ability to
personalise the training process for each student. Owing to the use of adaptive training algorithms,
the system automatically adjusts the curriculum, considering the level of knowledge, experience,
and dynamics of mastering the material. These algorithms help minimise knowledge gaps, increase
the effectiveness of training, and provide higher-quality training of specialists.

The use of digital twin technology allows the simulation of various operating conditions and
malfunctions, which allows not only training personnel but also the development of modern
aircraft maintenance strategies. As a result, this training complex can be used not only for
educational purposes, but also for improving the skills of employees. Despite the high efficiency
of this training complex, its implementation under real operating conditions is associated with
significant investment costs in the technical equipment of training centres. In addition, during
implementation, the following factors must be considered: availability of equipment in the market,
ability to provide technical support for digital twins, and intelligent systems. In addition, it is
necessary to develop standards and guidelines for the use of the training complex, which must be
approved by regulatory authorities in the aviation and military industries. Thus, the development
and implementation of such training complexes opens new prospects for the training of
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engineering and technical personnel. The inclusion of digital technologies in the process of training
specialists will ensure an increase in the level of aviation personnel training, which, in turn, directly
affects the safety and reliability of the operation of aviation equipment. Further developments in
this project are related to the implementation of augmented reality technologies and machine-
learning algorithms.
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WHHOBAIIMOHHBIA YYEFHO-TPEHUPOBOYHBIN KOMILJIEKC C
WHXEHEPHBIM OBECIIEYEHUEM: HOBbII YPOBEHb TEXHUYECKOM
IKCIIVIYATAIIUUN ABUALIUU

Annomayun. Omo uccinedosanue NOCEAUWEHO CO30AHUIO HOBO20 YUEOHO20 KOMMIEKCd,
KOMOPblil 8KIIOUAEm 6 CeOsl CUCIEMY UHICEHEPHO20 0Decnedenus, CReyudibHo paspabomaHnHyio
O MeXHU4ecKo2o YNpaeieHus 60eHHOU U CHeyuaiu3upoO8aHHOU ABUAYUOHHOU MEXHUKOU.
Baosicnocms  0amnozo  uccnedogsanus  00ycnognieHa  HeoOX0OUMOCMbIO — NOGbLULEHUs
appexmusnocmu nOO20MOBKU UHHCEHEPHO-MEXHULECKO20 NePCOHANd, VUUMbIBAs PACMYW)Io
MEXHUYECKVIO CILOJCHOCMb ABUAYUOHHOU MEXHUKU U pacmyuwjue mpeOo8aHus K A8UAYUOHHOU
bezonacnocmu. OCHOBHOU Yenbl0 OAHHO20 UCCIe008AHUS SAGIAeMCs paspadomKka adanmueHol
00pazosamenvHol NAAM@opmuvl, KOmopas o00veduHsiem yupposvie aHaI0cU ABUAYUOHHBIX
cucmem, aneopummvl OUASHOCMUKY HEUCNPABHOCMel U UHMENIeKmYalbHble Memoovl OJisl
aoanmayuu yuebHo2o npoyecca. B pamxax smoco uccredoeanus Owviia pazpabomara
aApXuUmeKmypa KOMNIEKCHOU CUCTNEeMbl UHHICEHEPHOU NOO0OePHCKU, KOMOpds 6KaouYaem cOop
OaHHbIX, YUPPOBOe MOOenuposanue u anaiumuxy. bvin eHeOpen adanmuemnvlii arcopumm
00yYeHUs, KOMOPBLIL YYUMbleaem YPOo8eHb K8AIUGuUKayuu 00yuaemozo, e2o Onvlm u npocpecc 6
OCB0CHUU MAMepuand, mem CambiM aA8MOMAMUYECKU KOPPEeKmupys Y4eOHYIO Npocpammy.
Hcnonv3oeanue  8UPMYaibHbIX — MPeHANCEPO8 U  UMUMAYUOHHBIX — MOOeiel  NO360IUNO0
paspabomamv 2uOKYI0 cucmemy 0OyYeHUsl, KOMOpas MOYHO OMpaxdcaem peanbHvle YCI06Us.
IKCHIYAMAYUU ABUAYUOHHOU MeXHUKU. /[l oyeHKU dheKmusHocmu npeodioHceHHOl CUCmembl
ObLIO NPOBEOCHO IKCNEPUMEHMANbHOE MeCmMUposanue, 6 Xooe KOMopo2o CPAGHUBANUCDH
pesyivmamol 00y4eHUs: 08YX SPYNN UHIHCEHEPHO-MEXHUYECKO20 NEPCOHANA: IKCHEPUMEHMATIbHO
2pynnul (C UCNONb308AHUEM AOANMUBHO20 0D0YVUEHUS C UCNONb308AHUEM YUDPO8bIX Moldenell) u
KOHMPOIbHOU 2PYNNbl (C UCNONb308AHUEM MPAOUYUOHHBIX Memo008 obyuenus). Pezynomamoi
NOKA3AAU, YMO HOBbIU Y4eOHbll KOMNJIEKC COKPAMUL 8PeMs Peasuposanus Ha Ype36blualiHble
cumyayuu Ha 22%, cHuzun koauvecmseo owubox Ha 30% u nogvicun MoyHOCMb GbINOJIHEHUs
npoyedyp Ha 18%. Paspabomannas adanmueuas cucmema 0OyYeHUs OMAUYAEMCs 8bICOKOU
2UOKOCMbIO U NO360.J15em A0Anmupo8amy ee K COBPEMEHHbIM Memo0am NPOSHO3HOU OUACHOCMUKU
HeucnpasHocmetl 8030YUHBIX CY008. Buedpenue makozo komniekca 6 no020mosKy Cneyuarucmos
NOBbICUM  ABUAYUOHHYIO 0OE30NACHOCMb, HAOEHCHOCHb U IKOHOMUYECKYIO IDdekmusHocms
MEXHUYECKOU IKCHIYAMAayuu 8030YUHbIX CYO08.

Knwouesvie cnosa: asuayuonnoe o060pyoosanue, umdiceHepHoe obecneueHue, yu@pposvie
OBOUHUKU, A0ANMUBHOE 0OVUeHUe, MPEHUPOBOUHBLI KOMNILEKC, OUACHOCMUKA HeUCNPABHOCMEN.

HWHKEHEPJIIK KAMTAMACBI3 ETIVI'EH UTHHOBALIMSJIBIK OKY
KEHIEHI: ABUAIIUSHBI TEXHUKAJIBIK ITAUJTAJTAHY IBIH ’KAHA JEHI'EUI

Anoamna. Byn 3epmmey ackepu dHcoHe MAMAHOAHOBIPLLIZAH ABUAYUATLIK MEXHUKAHbI
MEXHUKANIK 6ACKapy Yulii apHaiibl d3ipJeHeeH UHICEHePIK KOLOAY HCYUeCiH KaMmMUmvlt JHCana
OKY KeuleHiH Kypyowvl 3epmmelioi. Byn zepmmeyoiny Manbl30bL1bl2bl aBUAYUATBIK MEXHUKAHbIY
MEXHUKANbIK — KYpOeniniciHiy — apmyblH  JiCoHe  ABUAYUANILIK — KAYINCI30ikKe — KOUbLIAMbIH
MAnanmapovly apmybvlH eckepe OMmblpblN, UHHCEHEPLIK-MEXHUKAILIK Kaopaapobl OaspiayObiH
MuiMOinicin apmmuipy KadcemminicineH myblHOauObl. Byn 3epmmeyodiy neeizei maxcamoi-
asuayusanblK Jicylenepliy yu@pivlk e2izoepin, akayiapovl OUACHOCMUKAAY Al2OPUMMOepPIH
JiCOHe OKY npoyecin Oetlimoeyoiy uHmen1ekmyaiosvl a0icmepin Oipikmipemin adanmuemi 0inim
bepy nnamghopmacwin azipaey. Ocvl 3epmmey aiacblHOA OepeKmepoi IHCUHAYObL, YUDPILIK
MO0envboeyoi JHcoHe AHANUMUKAHbL KAMMUMbBIH KeuWeHOl UHICeHEePNIK Koioay JHCyUuecitiy
apxumexkmypacvl  23ipaendi. Teiyoaywwvinbly — OINIKMINIK — OeHeeliin, madxcipubecin  dcaHe
Mamepuanovl meneepyoezi yicepiMin ecKepemiH, COl apKblLibl OKY JHCOCHAPLIH A8MOMAMNIbL
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mypoe pemmetimin OetliMOeslemin OKblmy aneopummi eneizinoi. Bupmyanovl mpenasicepiap men
MoOenvboey MOOeNbOepiH KONOAHY A8UAYUALbIK MEXHUKAHBIY HAKMblL HCYMBLC HCAROAUNAPBIH 02l
Kepcememin UuKemMoi OKbIMY JCYUeCiH dcacayea MYMKIHOIK Oepli. YCulHbLI2aH JiCYlUeHiy
MuiMoinicin  06a2anay YuwiiH UHICEHePIK-MEeXHUKAILIK NePCOHANObIH €Ki  MOObIHbIY — OKY
HIMUICENEPIH CANbICMbIPA OMBIPLIN, IKCNEPUMEHMMIK mecminey HCypei3inoi: IKCnepumMeHmmik
mon (Yughpavik Mooenboepmer adanmusmi oKbimyovl KOJIOAHA OMbIPbIN) HCoHe O6AKbLIAY moObl
(Oacmypai oxbimy a0icmepin Konoana omwipsin).). Homuocenep kepcemkenoetl, scana oKy Keuleri
memeHnutle Hca20aunapovl xeow yaxkeimsih 22% - 2a Kvickapmmsl, Kamenep canvin 30% - 2a
asaummsl JHCoHe Npoyedypanapobl opviHoay oOandicin 18% - ea scaxcapmmuvl. O3ipieHeeH
aoanmuemi OKblmy JiCyleci oicozapvl ukemoilikke ue, Oy aye KeMelepiHiy aKaylapbliH
OUACHOCMUKANAYObIY  3aMAHAYU  OO0MNHCAMObL  20icmepiMer meHweyee Jicane Oipikmipyee
MYMKIHOIK Oepedi. Mamarnoapovl 0aapaayoa MYHOAU KeueHOi eHeizy asuayusiblk Kayincizoikmi,
CEHIMOLNIKMI JcaHe dye KeMelepPiHiy MeXHUKAIbIK ONepayusiiapblHblH IKOHOMUKALbIK MUIMOLIICIH
apmmusipaobi.

Tyitinoi cozoep: asuayusnblk MeXHUKA, UHHCEHEPIIK KAMMAMACH3 emy, yu@gprvlk ezizoep,
aoanmusmi OKblmy, 0Ky KeuleHi, akaynapovl OUAeHOCMUKALAY.
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