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Abstract: The aviation industry faces the difficult task of maintaining and further increasing the population air mobility at the
present stage of domestic air transport and country economy development. It is fixed in the Comprehensive Program for Russian
Federation Aviation Industry Development until 2030 (as amended by Decree of Russian Federation Government No. 1102-r dated
May 4, 2024). There is an urgent need to develop and introduce domestic production components into aircraft type design in the
context of the cessation of interaction between Russian aviation enterprises and foreign suppliers of goods and services. These
actions make it possible to ensure industrial technological sovereignty and further operation of aviation equipment with the required
levels of reliability and safety. The article presents a flowchart of this process developed by the authors. The flowchart considers
possible types of import substitution of components. The authors performed a comparative analysis of the forecast of fleet
retirement and commissioning of newly developed aviation equipment based on the available statistical data on the operation of
short-haul aircraft. The need for the development of sectoral corrective measures is shown based on its results. This fact confirms
the relevance of the chosen research area. The process of integration of Russian-made components into the aircraft structure is
considered from the point of view of program management in the publication. The authors describe the basic principles and
methods of prioritizing projects using the example of 10 components. This considers the total budget of the program, as well as its
resource intensity. The optimization task is formulated in the publication based on the results of the work performed. This
publication is the main one for the further development of an algorithm that will allow solving priority tasks of continued
airworthiness of both the fleet in operation and newly developed aircraft.
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DopMyJHPOBKA 321244 ONTUMHU3AIMH B PAMKAaX peaju3anuu
TEXHOJOTM4YeCKOr0 CyBEePeHUTETA ABUALIMOHHOMN 0TPaC/Iu
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AHHOTaIII/IHZ Ha COBPECMCHHOM 3Tall€ pa3BUTUA OTCYCCTBCHHOI'O BO3AYIIHOI'O TPpaHCIIOPTa U 9KOHOMUKH CTPaHbI B LICJIOM IIEPE]

ABHALIOHHOW OTpPAacibi0 CTOWT HENpocTas 3ajada MOUIEP)KaHWS M JAIBHEHIIEro pocTa aBUaMOOHMIIBHOCTH HaceleHWs.. JTO
3adukcupoBano B KomiuiekcHOH mporpamMme pasBUTHsI aBHALMOHHOW otpaciu Poccuiickoit ®enepamm mo 2030 rona
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(B penaxuu pacniopspkenus paBurenscta Poccutickoit ®eneparm ot 4 mast 2024 roga Ne 1102-p). B yenoBusax npekparienust
B3aUMOJICHCTBUSL POCCUMCKUX aBUALMOHHBIX NPEINIPUATHN C MHOCTPAHHBIMM KOMIIAHMSMH — IIOCTABILMKAMU TOBAPOB U YCIIYT
CYILIECTBYET OCTpasi HEOOXOMMOCTb Pa3pabOTKU M BHEAPEHHUS B THIIOBYIO KOHCTPYKIMIO BO3AYIIHBIX CYIIOB KOMIUICKTYIOIHX
M3/ICNINH  OTEYECTBEHHOTO MPOW3BOJACTBA. JlaHHBIC MEPONPHATHS IO3BOJISIOT OOECIICUUTh OTPACICBOM TEXHOJIOTHMYCCKUI
CYBEPECHHTET U NAJIBHEHIITYIO JKCILTyaTAIWI0 aBUAIMOHHON TEXHHUKU C TPpeOyeMBIMU YPOBHIMH HAJICKHOCTH M OE30MACHOCTH.
B myOnmukarmu  mpencrapiaeHa  pa3pa0OTaHHAas aBTOpaMd OJIOK-CXeMa JIAHHOTO TIPOIlecca € YYETOM BO3MOXKHBIX THIIOB
HMMITOPTO3aMEIICHUST KOMIUICKTYIOIMX W3nenuii. Ha OCHOBaHMM JOCTYIHBIX CTATHCTUYECKUX JAaHHBIX OKCILTyaTalluh
ONMIKHEMArCTPAIBbHBIX BO3AYIIHEIX CYZOB aBTOPAMH BBHIIONHEH CPaBHHUTEIBHBIN aHAI3 TMPOTHO3a BBHIOBITHS (pi10Ta M BBOZA B
SKCIUTyaTallii0 BHOBb pa3padaTbiBacMOi aBHAIIMOHHOW TEXHUKH. 10 ero pesymprataMm IoKa3zaHa HEOOXOAMMOCTH pa3padOTKU
OTpacJIeBBIX KOPPEKTUPYIOMINX MepOIpusTHi. JlaHHBI (pakT MOATBEPKIAET aKTyaIbHOCTh 00JIACTH BRIOPAHHOTO MCCIICIOBAHIIS.
[poriecc BHeApeHHST KOMIUIEKTYIOIIMX H3IEIHHA POCCHIMCKOTO TPOM3BOICTBA B THIOBYIO KOHCTPYKLHIO 3KCIUIyaTHPYEMOT'O
BO3/YIIHOTO Cy/IHA PACCMAaTPUBACTCS B IMyOIMKAIIMN C TOYKH 3PEHMS MPOrPaMMHOTO YIIPaBICHUS. ABTOPBI IPUBOMAT ONMCAHNE
OCHOBHBIX IPHHIIMIIOB M METOIWK MPHOPUTH3ALINN IIPOEKTOB Ha mprMepe 10 koMImekTyronwx u3nenuid. I1pu 3ToM yunTeIBaercst
CyMMapHbBIi OIO/KET MpOrpaMMBI, a TaKKe ee pecypcoeMKocThb. [lo pesynbraraM BBIIOJHEHHBIX pabOT B ITyONHMKAIMn
dopMmynupyercs 3amada ontuMu3aly. JlaHHAs IyOJMKAIMs SIBJSETCS OCHOBOHM JUIsl JMalbHEHMIEH pa3padOTKU alrophTMa,
KOTOPBIY MO3BOJIUT PEIaTh MPHOPUTETHBIC 33/1aull ITOICPIKAHUS JICTHOW TOTHOCTH KaK HaXOJAIIErOCs B SKCILTyaTaIMu (IioTa,
TaK U BHOBb pa3padaThIBACMOI aBUAIIMOHHON TEXHHUKH.

KnrodeBsble c10Ba: SKCIUTyaTalus BO3AYLIHbIX CY0B, aBUALMs, KOMIUIEKTYIOIIEE U3/ENHe, IPOEKT, IPOrpaMma, INITAaHUPOBAHMHE,
HPUOPUTU3ALVS.

Jna umrupoBanmsi: boapoa WM.E., Toctes A.B., ®@aitaOypr I'.JI. ®opmymupoBka 3agadll ONTHMH3AIMHA B paMKax
peaH3aiy TEXHOJIOTHIECKOTO CYBEpeHHUTETa aBHAIIMOHHOW oTpaciu // Hayamsrit Bectauk MI'TY T'A. 2025. T. 28, Ne 1.
C. 8-19. DOI: 10.26467/2079-0619-2025-28-1-8-19

Introduction dix 2 for Comprehensive Program for Russian
Federation Aviation Industry Development
(as amended by Decree of Russian Federation
Government No. 1102-r dated May 4, 2024).

Russian manufacturers are currently facing
the urgent challenge of developing the mecha-
nisms providing the ongoing aircraft operation
by the domestic airlines and maintaining high
flight safety level [1, 2]. Measures on foreign
aircraft maintenance on the territory of the Rus-
sian Federation along with their certain type de-
sign modification and substitute domestic do-
mestically produced components implication,
which are going or have already gone through
testing for new domestic production aircraft un-
der development, were initiated [3].

Transport connexity of the country is the pri-
mary objective of its aircraft field. Sanctions im-
posed by foreign companies in February 2022 have
drastically changed its development environment
and priorities. Interaction in terms of aircraft com-
ponents supply and maintenance was ceased.

Immediate governmental support measures
have allowed to preserve the aircraft fleet and
infrastructure. Comprehensive Program for
Russian Federation Aviation Industry Devel-
opment until 2030 objective is to ensure the air
transport connexity of the regions, mobility of
the citizens and the necessary flight safety lev-
el, along with technological sovereignty within
the air transportation industry. The number of
aircraft necessary for fleet update and replen-  Research methods and methodology
ishment, the optimal classification, supply

scopes and periods are chosen, periods of do- Making a list of priority components [4, 5] is
mestic production components production are a primary objective in corrective actions pro-
scheduled, full range of domestic aircraft  jects. Trade-off fleet retirement analysis is con-
maintenance is formed and sanctions negative  ducted for aircraft in operation on condition of
effects are reduced, including foreign made air- taking or not taking the above mentioned
craft supply, maintenance and leasing in order measures. Accuracy and basing on real statistics,
to preserve air service competitive market. not on forecasts or assumptions [6] are principal

Figure 1 shows the forecast data on domestic benefits of this technique.
production aircraft supply according to Appen-
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Fig. 1. Supply forecast of domestic aircraft
(headlines downwards: Appendix 2 for Comprehensive Program for Russian Federation Aviation Industry Development
(as amended by Decree of Russian Federation Government No. 1102-r dated May 4, 2024). Supply forecast of domestic
production aircraft arranged by the years.
Table header, left to right: aircraft type, seat capacity (by number of people), 2022-2030, a total of units. Aircraft,
downwards: SSJ-NEW, Yakovlev MC-21-310, Ilyushin I1-114-300, Tupolev Tu-214, Ilyushin-96-300, TVRS-44
Ladoga, UZGA LMS-901 Baikal Total

There is a number of aircraft in operation by
years provided not taking any measures in terms
of component technological sovereignty shown
in continuous line in Figure 2. At the same time
the dashed diagram area shows the aircraft num-
ber in case of domestic production components
application. Graph in Figure 3 shows that these
measures are mostly efficient up to 2029, as the
retirement due to lifetime is the reason of further
decrease in number of aircraft in operation.

The monthly schedule of putting new Rus-
sian-made aircraft into operation is unknown.
We assume that they are transferred to airlines
annually in December. Thus, the schedules for
the retirement of the aircraft fleet and the ones
newly developed and put into operation appear
like shown in Figure 4.

Trade-off analysis shows that even if new
aircraft are put into operation, their retirement is
so quick that the total number of aircraft in oper-
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ation is significantly reduced. Under these cir-
cumstances, transition to cannibalism is natural
one or more units of equipment are selected in
order to ensure spare parts for its remaining
units [7].

When performing the analysis in this study,
the possibility of cannibalization, as well as re-
pair or maintenance of foreign components at a
Russian industry enterprise, is not taken into ac-
count. Each component is considered inde-
pendently, assuming that components do not in-
fluence each other.

All of the above proves the need to build a
global mathematical model and then form a
mathematical optimization problem based on it.
At the same time, it is quite difficult to give an
exhaustive representation of it taking into ac-
count all existing internal connections of objects,
as well as the impact of external factors. Based
on [8], in such a case, it is usually necessary to



Tom 28, Ne 01, 2025 HayuyHbiit BectHuk MITY TA
Vol. 28, No. 01, 2025 Civil Aviation High Technologies

wr. f
23. 140

o B s B B
AR TS
ARAIRIRIRIRN

, real

year

FZAWUcnpaeHble BC —BbibbITHE No KA

Aircraft in operation Retirement due to components lack

Fig. 2. Aircraft fleet retirement schedule considering the retirement due to components lack
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Fig. 3. Aircraft fleet retirement schedule considering the retirement due to lifetime
identify and take into account only the most im- well as the subsequent solution of the problem,

portant aspects of the object under study in order while unaccounted factors should not signifi-
to make its mathematical description possible, as cantly affect the final result of optimization.
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Fig. 5. Process of technological sovereignty ensuring flowchart
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This study presents a flowchart developed
by the authors for the process of ensuring tech-
nological sovereignty, where the input is the
emerging need for import substitution of com-
ponents on the aircraft in operation. This dia-
gram is used to detail the process and also dis-
plays the sequence of operations required to be
performed.

Figure 5 shows that in order to introduce an
alternative domestic product into a standard air-
craft design, it is necessary to perform a se-
quence of actions typical for the process ap-
proach [9].

Thus, it is advisable to consider the activities
to ensure the technological sovereignty of the
aircraft fleet in operation as a set of projects. In
this case, each of the changes introduced into the
standard aircraft design can be taken as a sepa-
rate project [10]. At the same time, they all com-
pete for both financial and organizational re-
sources of the aircraft developer, industry pro-
duction enterprises and certification centers.
Consequently, the introduction of domestic pro-
duction components into the standard aircraft
design is a program, the management of which
allows for the maximum effect of the import
phase-out process [11].

To ensure the most efficient operation of air-
craft, it is necessary that their number in the fleet
were as large as possible [12]. This paper does
not consider the process of putting new aircraft
into operation, as it does not depend on ensuring
the technological sovereignty of the industry. It
is believed that it does not have a significant im-
pact on the disposal of aircraft currently in oper-
ation.

Achieving the maximum possible number of
aircraft in the fleet is possible in the event of the
implementation of the projects of the highest
priority [13]. This problem is solved in within
the framework of program management [14].

It is known that the highest priority is given
to those projects that have a greater effect and
lower costs [15]. At the same time, to ensure
technological sovereignty, it is necessary to im-
plement projects in parallel [16].

In this study, the absence of synergy is as-
sumed: the influence of the effect of previously
completed projects of the program on subsequent

13
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projects. At the same time, the effect of complet-
ed projects does not increase the budget of the
program as a whole [17].

Taking V; as the priority of the i-th project,
the total priority of a program that includes n
projects can be written as

SUM = V]P] + V2P2 + ...+ VnPnJ (1)
where the variables P; take the value 1 if the pro-
ject is implemented, and the value 0 if the pro-
ject is postponed.

For further formulation of the optimization
problem, SUM is taken as the objective function.
Thus, the optimization problem in implementing
technological sovereignty of the aviation indus-
try can be formulated as follows.

SUM — max. 2)

The constraints in this case are:

— the total budget of the implemented pro-
jects for the introduction of domestic production
components into the type design of aircraft in
operation, in this program:

C]P] + C2P2 + ...t CnPn <C; (3)
— program resource intensity:
L,P,+L,P,+...+L,P,< L. 4)

The program for ensuring technological sov-
ereignty of the aviation industry assumes a
phased implementation [18]. In this case, the
launch of at least one project in terms of intro-
ducing Russian made components into a stand-
ard aircraft design, subject to sufficient budget
and resources, partially restored after the com-
pletion of a previously launched project, is the
next stage of the program. In this case, the re-
strictions on C; and L;, given above, change at
each subsequent stage.

For the subsequent formation of a list of pri-
ority components, it is necessary to take into ac-
count data in the form of the number of foreign-
made components remaining in warehouses, as
well as data on their reliability and assessment of
their failures in operation. At the same time, the
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process of import substitution of components
should ensure the safe operation of aviation
equipment with a given level of flight regularity.

The required parameter V;, which allows to
form and sort the list of the most critical compo-
nents, is calculated as follows:

vi=(1-2). (5)

Ui

Here T; is the period of time during which it is
necessary to ensure the operation of the aircraft
due to the components stock available in the
warehouse. As shown above in Figure 3, these
measures will be effective within the next
72 months. Therefore, within the framework of
this study, we take the value of 7; equal to
72 months. Also here is S; the remainder of ser-
viceable components in warehouses, U; is the
current components consumption in operation
per unit of time.

The parameter U; is determined based on the
number of components of one type installed on
the aircraft, the planned fleet of aircraft and its
planned flight time, as well as the statistics of
failures and reliability indicators of components
(MTBUR):

_ i P Fi

I MTBUR; (6)

Here n; is the number of certain type compo-
nents installed on one aircraft, P; is the planned
number of aircraft in the operating fleet (accord-
ing to the 2023 data presented in Figure 2, this
parameter takes the value of 149), F; is the flight
hours per aircraft, MTBUR; is the Mean Time
Between Unscheduled Removals.

Vol. 28, No. 01, 2025

Research results

The list of 987 components, mostly influenc-
ing further aircraft fleet operation was formed
and prioritized according to the trade-off analy-
sis conducted. The necessary solutions on each
component were classified in accordance with
the process block scheme in Figure 5 in the fol-
lowing way:

o foreign-made components replacement
for the equivalent certified domestic production
one without any extra development necessity;

o foreign-made components replacement
for the equivalent certified domestic production
one with the necessity of aircraft structure de-
velopment;

o a brand-new Russian-made component
development with its implementation into the
aircraft structure.

987 projects by the number of selected and
prioritized components were considered within
the program of aviation technological sovereign-
ty. The results of the research are presented be-
low 1in ten entries.

Table 1 shows that sensor with the parameter
V = 71 months is the most crucial in terms of
technological sovereignty ensuring. In other
words, in given period of 72 months stocking
with current aircraft fleet flight experience will
be enough for 1 month.

Project resource intensity, duration and cost
directly depends on technical solution according
to block-scheme of technological sovereignty
ensuring process. Table 2 data are received for
the 10 components considered.

The following optimization restrictions are
adopted in this research:

o the project summary budget C is
1000000 rub.;

o program resource intensity L is 100%.

First-stage restrictions according to project
priority:

87823-1+0+0+0+0+131594-1+0+0+ 7663731+ 0=<1000000; (7
15%-1+0+0+0+0+20%-1+0+0+60%-1+0=<100%. ®)

Project delivery stages may be presented by
Gant diagram [19].

Project delivery in 12 months is shown in
Figure 6. It is shown that resource release takes



Tom 28, Ne 01, 2025

HayuyHbiit BectHuk MITY TA

Vol. 28, No. 01, 2025

Civil Aviation High Technologies

Table 1
Components prioritized list
S, Quantity per | Component con- v
Ne Name stock balance, | MTBUR aircraft, sumption, mm; th
ea (each) ea (each) ea (each)/month
1 Sensor 2 11077 1 2.06 71.0
2 Valve 4 12 378 2 3.68 70.9
3 Pump 5 49 071 3 1.39 68.4
4 Gate 9 32714 2 1.39 65.5
5 Board 7 22 900 1 0.99 65.0
6 Antenna 76 11 644 3 5.87 59.0
7 Alarm system 21 127 221 5 0.90 48.5
8 Fan 8 149 902 2 0.30 45.7
9 Module 26 26 378 1 0.86 41.9
10 Computer 13 57249 1 0.40 39.3
Table 2
Technical solutions
Duration Resource Price per
Ne Name Technical solution type > | intensity, | Price, rub. | 1 month,
month o
Yo rub.
1 | Sensor Without any extra development 2 15 175 645 87 823
2 | Valve Without any extra development 2 15 202 587 101 294
3 | Pump Extra development 6 20 675 999 112667
4 | Gate Extra development 6 20 543 897 90 650
5 | Board Extra development 6 20 890 654 148 442
6 | Antenna Extra development 6 20 789 566 131 594
7 | Alarm system | Extra development 6 20 1 065 066 177 511
8 | Fan Extra development 6 20 589 678 98 280
9 | Module Development of'a brand-new 36 60 27589432 | 766373
component
10 | Computer Development of a brand-new 36 60 31654389 | 879289
component
1 Jlatunk
2 3acioHKa
3 Hacoc
4 Knanan
5 MynsT
6 AHTEHHA
7 Curnanusarop
8 BenTuisrop
9 Briox
10 Kowmnslorep

Fig. 6. Implementation stage within program framework (downwards: sensor, valve, pump, gate, board, antenna, alarm
system, fan, module, computer; Table header, left to right: months from 1 to 12)

place after each project maturation. At the same
time the budget for the period is saved for the
next stage [20]. This allows to start the further

project delivery in accordance with their priority
on the second stage of the program [21].
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Results discussion and conclusion

Research showed that aviation industry tech-
nological sovereignty ensuring in terms of com-
ponents is relevant nowadays. It is necessary to
reduce aircraft retirement due to lack of compo-
nents, by using their maximum number in opera-
tion.

To achieve this goal, the authors proposed to
use the basic principles of software control. With
their help, the optimization problem was formu-
lated in the work. Calculations performed on the
example of 10 components showed a satisfactory
result. In further research, to solve the problem
with modern software, it is proposed to build an
algorithm.

The results of this work can be used by both
design bureau employees and maintenance and
repair organizations to create an effective strate-
gy for continued airworthiness of the fleet. They
allow you to form plans for the development of
components, their purchases and deliveries, tak-
ing into account the needs of operating organiza-
tions.
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