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bstract: This paper analyses the technological adaptation of the

Russian military aviation industry under sanctions, with particular
reference to combat aircraft, helicopters, and unmanned aerial vehicles.
The aim of the research is to determine the extent to which sanctions-re-
lated restrictions, the disruption of external technological ties, and the
demands of a protracted war have affected the development capabili-
ties, production priorities, and operational role of this sector. The meth-
ods applied are content analysis, the comparative method, and descrip-
tive-structural analysis of available scholarly and professional literature,
sectoral reports, and statistical data. The research results show that
sanctions have not led to the paralysis of the Russian aviation industry,
but they have significantly constrained its technologically most complex
programmes and increased the importance of intermediary procurement
of critical components. At the same time, the analysis shows that the
sector has developed various mechanisms of adaptation, including im-
port substitution, cooperation with partner states, and the reorganization
of production channels. The analysis indicates that adaptation has been
selective: in the combat aircraft sector, the emphasis has shifted toward
modernization and serial production of proven platforms, while more dy-
namic results have been achieved in the segment of helicopters and
especially unmanned aerial vehicles. The paper concludes that, after
2022, the Russian military aviation industry has not become technologi-
cally sovereign, but it has become more operationally resilient, confirm-
ing that its adaptation is based more on pragmatic adjustment than on
even technological progress.
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Introduction

In contemporary armed conflicts, the aviation industry represents one of the tech-
nologically most complex and strategically most sensitive segments of defence
production. Its significance derives not only from the production of combat and trans-
port aircraft, helicopters, and unmanned aerial vehicles, but also from the fact that
this sector directly reflects the level of a state’s technological development, industrial
integration, and resilience under conditions of external constraints. Therefore, the de-
velopment of the Russian military aviation industry after 2014, and especially after
2022, represents an important indicator not only of broader changes in the structure
of the Russian defence economy, but also of the actual reach of its technological and
production adaptation under the conditions of a protracted war.

The research problem of this paper arises from the question of the extent to which
the Russian military aviation industry has managed to adapt to sanctions, the dis-
ruption of external technological ties, and the demands of a protracted war. For the
Russian military-industrial complex, sanctions have represented not only financial and
trade pressure, but also a profound technological challenge, since they have limited
access to semiconductors, precision devices, electronic components, and other key
elements of production, while the termination of cooperation with Ukrainian enterpris-
es, particularly in the segments of engines and aviation components, further affected
areas in which inherited post-Soviet interdependence had existed (Connolly, 2018;

Boulegue, 2025).

The subject of this paper is the technological adaptation of the Russian military
aviation industry under sanctions, with particular reference to combat aircraft, helicop-
ters, and unmanned aerial vehicles. The aim of the paper is to analyse how sanctions,
the disruption of external technological ties, and the transition to the logic of a war
economy have affected the development capabilities, production priorities, and op-
erational role of this sector. At the centre of the analysis is the question of the extent
to which the development of the Russian military aviation industry after 2022 has
been able to respond simultaneously to sanctions-related restrictions, technological
deficits, and the growing demands of protracted warfare. The paper is based on a
qualitative analysis of available professional and scholarly literature, an analysis of
secondary statistical and sectoral data, and a comparative examination of develop-
ment and production trends within different segments of the Russian aviation industry.

The paper is structured into several sections. After the introduction, the second
section examines sanctions pressure, the disruption of external ties, and the techno-
logical dependence of the Russian aviation industry. The third section analyses the
place of this sector within the broader framework of the Russian war economy and the
shift in production priorities after 2022. The fourth section examines the development
of combat aircraft under the conditions of sanctions and war, while the fifth section
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is devoted to helicopters and unmanned aerial vehicles as segments of accelerated
adaptation. The conclusion synthesizes the main findings on the scope and limitations
of the technological adaptation of the Russian military aviation industry.

Sanctions Pressure and the Technological
Dependence of the Russian Aviation Industry

Sanctions targeting the Russian defence sector did not begin in 2022, but after the
events of 2014, when Western states began systematically restricting Russia’s access
to military technologies, finance, and dual-use goods. In a broader theoretical sense,
sanctions are most commonly viewed in the literature as an instrument of economic
statecraft, that is, as a means by which states seek, through economic pressure, to
influence the behaviour of another state, limit its capacities, or increase the cost of
certain foreign-policy and security decisions. Their effects, however, depend not only
on the scope and consistency of external pressure, but also on the internal structure
of the targeted economy, the degree of its dependence, its institutional capacity for
adaptation, and its ability to find alternative supply channels. Starting from this under-
standing of sanctions, this paper does not analyse sanctions as a general phenome-
non, but focuses instead on how specific restrictions have affected the technological

adaptation of the Russian military aviation industry.

Unlike the energy sector, where the initial measures were directed more toward
certain high-technology segments, restrictions in the field of defence were broader in
scope. They covered not only finished systems and equipment, but also components,
electronics, specialized materials, and production equipment, thereby gradually be-
ginning to affect the technological foundations of the Russian military-industrial com-

plex itself (Connolly, 2018; Connolly & Boulégue, 2018).

Within this framework, the aviation industry occupied a particularly sensitive po-
sition. It is one of the technologically most complex segments of defence production,
dependent on high-precision machining, complex engines, advanced electronics,
navigation and communication systems, as well as stable and deeply integrated sup-
ply chains. For this reason, limited access to foreign semiconductors, machinery, and
critical components was not merely a procurement problem, but also a constraint on
technological progress, the pace of modernization, and the reliability of final platforms
(Boulégue, 2025).

An additional burden for this sector was the termination of cooperation with
Ukraine. The inherited industrial interconnectedness from the Soviet period meant
that, in certain segments, Russia did not possess a fully integrated domestic produc-
tion cycle. Ukrainian helicopter engines, as well as certain aircraft components and
related subsystems, were particularly important. The disruption of these ties showed
that the problem facing the Russian aviation industry was not only limited access to
Western technologies, but also the breakdown of post-Soviet industrial integration on
which certain critical segments of production had relied (Connolly, 2018).
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A new and much more severe shock followed after 2022, when the United States
and its allies expanded export controls to cover a wide range of critical components
required for the production of weapons and military equipment. As the CNA report
Crafting the Russian War Economy (2024) shows, the Russian defence industry was
caught off guard both by the scope of the new restrictions and by the fact that they
entered into force at a moment of sharply rising demand for armaments, caused by
heavy losses and the need to replenish stocks. Under such conditions, the problem
was no longer merely the long-term slowdown of modernization, but the preservation
of the very production endurance of sectors dependent on microprocessors, machine
tools, and other inputs that are difficult to replace. For the aviation industry, as a sector
that combines high technological complexity with direct wartime requirements, this
meant entering a new phase of adaptation under significantly more difficult conditions
than those that followed 2014.

In response to these pressures, the Russian state had already accelerated its
policy of import substitution, production localization, and the search for alternative
suppliers after 2014. After 2022, however, this process had to be expanded to in-
clude additional compensatory mechanisms. According to CNA (2024), the Russian
defence industry relied on three key strategies: import substitution, imports through
third countries, and foreign cooperation with friendly states. Under the new sanctions
regime, it was no longer sufficient merely to develop domestic substitutes for formerly
imported components; it was also necessary to secure alternative supply channels
for those subsystems that could not be localized quickly or to an adequate standard.
This is precisely why sanctions functioned not only as an external constraint, but also
as a test of the Russian industry’s internal capacity to translate a political priority into
sustainable production capacity.

Although these strategies produced certain results, their effects were not equal
across all segments. The literature rightly notes that the Russian defence industry,
despite its capacity for adaptation, continues to display limitations in moderniza-
tion, access to components, and the rapid scaling of its most complex programmes
(Boulégue, 2025). By the early 2020s, Russia had succeeded in developing certain
mechanisms of resilience, but not in fully eliminating technological weaknesses in the
aviation industry. After 2022, it became clear that these mechanisms were sufficient
for the partial stabilization and reorganization of production, but not for the complete
removal of structural dependencies, which would become most clearly visible in the
differing pace of adaptation across individual segments of the aviation industry.

Transformation of the Russian Aviation Industry
under the Conditions of a War Economy

The beginning of large-scale military operations in Ukraine in February 2022
marked a turning point for the Russian defence industry, including its aviation seg-
ment. The previous model, in which the emphasis had been on gradual moderniza-
tion, technological improvement, and the preservation of export competitiveness, had
to be adapted to the conditions of a protracted war. Instead of development primarily
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oriented toward the introduction of new generations of complex platforms, the prior-
ities became continuity of production, replacement of losses, repair and overhaul,
accelerated delivery, and the adaptation of existing systems to the immediate opera-
tional needs of the front. In this way, the aviation industry also shifted from the logic of
peacetime modernization to the logic of a war economy.

This transformation did not mean the complete abandonment of technological am-
bitions, but it did change their place in the hierarchy of priorities. As Cooper (2024)
shows, after 2022 the Russian military-industrial complex significantly expanded
production in those segments directly connected with the ongoing war effort, while
technologically more demanding and longer-term programmes suffered greater de-
lays and constraints. In the case of the aviation industry, this meant that mature and
operationally proven platforms, as well as systems that could be produced, repaired,
and introduced into service relatively quickly, gained greater importance, while the
most complex programmes retained high symbolic and strategic significance, but with
slower dynamics. This shift was not only a consequence of sanctions, but also a ra-
tional response to the needs of a war in which quantity, delivery speed, and technical
sustainability often took precedence over technological sophistication.

At the institutional level, the transition to a war economy entailed stronger ad-
ministrative direction of production, the prioritization of military contracts, and more
intensive use of existing industrial capacities. Analyses devoted to wartime produc-
tion, budgetary priorities, and the broader macroeconomic framework show that after
2022 Russia increased budgetary allocations, extended working hours in key produc-
tion sectors, and accelerated the mobilization of resources in areas connected with
wartime production (Cooper, 2024; Luzin & Prokopenko, 2023; Buklemishev, 2024a,
2024b; Cooper, 2025b). Such changes were not limited to the aviation sector, but
encompassed the broader industrial framework necessary for the long-term conduct

of war.

Industrial production data confirm this tendency. According to Rosstat data, after
2022 accelerated growth was recorded in several branches that directly or indirectly
supported the war effort, including electronics, electrical equipment, and certain seg-
ments of the transport industry (Cooper, 2025a; Luzin & Prokopenko, 2023). In this
context, the industrial production index in the aviation equipment sector increased
from 109.0 in 2022 to 129.5in 2023 and 134.1 in 2024, with 2018 as the base year, in-
dicating a noticeable expansion of production in this segment after the initial disruption
(Cooper, 2025a). Nevertheless, such growth should not be interpreted as evidence of
straightforward quantitative expansion, since the aviation industry, unlike less com-
plex branches, also depended on the ability to preserve, under sanctions, the quality,
functionality, and operational usability of aircraft and their subsystems.

For this reason, part of the adaptation in the aviation industry was directed not
only toward the production of new aircraft, but also toward the expansion of repair,
overhaul, and auxiliary capacities, the stabilization of supply, and the simplification of
certain technological solutions. It is precisely here that the specificity of this sector un-
der the conditions of a war economy becomes visible: while in some branches growth
could be achieved primarily through an increase in production volume, in aviation ad-
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aptation required a more complex alignment of technological constraints, production

capabilities, and the operational needs of the front.

This is why, within the Russian aviation industry itself, different development logics
clearly emerged after 2022. In the field of combat aircraft, the emphasis remained on
the production and modernization of existing, proven platforms, with limited progress
in the most complex new programmes. By contrast, in the helicopter sector and espe-
cially in the segment of unmanned aerial vehicles, adaptation took on a more dynamic
form, because these systems were better suited to the requirements of a protracted
war, faster serial production, and cost rationalization. In this sense, the transition to a
war economy did not produce uniform development in the Russian aviation industry;
rather, it intensified the sector’s internal differentiation. It is precisely in this distinction
between the technologically most complex programmes and the most operationally
adaptable segments that the actual scope of Russian industrial adaptation becomes
most clearly visible.

Combat Aircraft under the Conditions of Sanctions
and War

Combat aircraft represent the technologically most complex segment of the Rus-
sian military aviation industry, as they combine demanding requirements in terms of
engines, avionics, radar, weapons, navigation, and the integration of multiple sub-
systems into a single platform. Precisely for this reason, they most clearly reveal the
actual scope of Russian industrial adaptation under sanctions. Unlike sectors in which
production growth can be achieved more rapidly through the serial expansion of rel-
atively simpler systems, in combat aviation sanctions and technological constraints
directly affect the very core of the production process. Thus, after 2022, this segment
simultaneously displays production continuity, structural limitations, and a selective

capacity for adaptation.

Aggregate data from the Russian Ministry of Defence show that, after 2022, the
aviation segment received higher priority within wartime production. In the category
of “aircraft and helicopters”, delivered units amounted to 143 in 2019, 147 in 2020,
and 151 in 2021, while 257 units were planned for 2022 and 237 were delivered in
2023 (Cooper, 2024). Although these data combine different types of aircraft and do
not allow for a precise distinction between combat aircraft and helicopters, they nev-
ertheless show that the aviation component gained a more significant place within the
Russian war economy after 2022. At the same time, only a more detailed examination
of individual programmes reveals the internal unevenness of this sector and the dif-
ference between more mature, operationally proven platforms and the technologically
most ambitious programmes.

Delivery data for the period 2019-2023 show a gradual increase in combat aircraft
production, with a total of 132 new aircraft delivered during that period. The figure
rose from 20 aircraft in 2019 to 40 in 2023, with a particularly noticeable trend in the
gradual introduction of the fifth-generation Su-57 fighter, from one unit in 2020 to ten
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in 2023 (Cooper, 2024). Although this is an important signal of technological progress,
its role at the front has remained limited. The loss of a fifth-generation aircraft would
represent not only a major financial cost, but also a serious blow to the reputation
of Russian armaments. This means that, despite its high symbolic significance, this
programme cannot serve as the main vehicle of mass adaptation under the conditions

of a protracted war.

The production of proven models, such as the Su-35S and Su-34, continued at a
more stable pace. The Su-35S, as the backbone of Russian fighter aviation, record-
ed continuous deliveries, from 10 units in 2019 to 12 units in 2023. The Su-34 and
its modernized variant, the Su-34M, were also in focus: ten Su-34M aircraft were
delivered in 2022, and a further eight in 2023 (Cooper, 2024). The Su-30SM2 and
MiG-35S/35UB were produced in limited series, while the Yak-130 trainer aircraft con-
tinued to represent an important segment for pilot training. These data indicate that,
under sanctions, Russian industry placed emphasis on platforms that were already
technologically mature, operationally proven, and industrially feasible. Precisely such
platforms better correspond to the logic of a war economy, in which it is crucial to
ensure continuity of deliveries and combat usability, rather than exclusively pursuing
technological sophistication.

Data on the global structure of active combat aviation show that Russian types
still occupy a significant place in the world’s fleets. According to Flight Global (2025),
the Su-27/30/34/35 group accounts for 9% of the global active combat aircraft fleet,
while the MiG-29 accounts for a further 5%, and the Su-24 and Su-25 for 3% each.
This points to the durability of the Soviet-Russian aviation legacy, but at the same time
also to the fact that Russia’s position still relies to a large extent on older-generation
platforms, while the introduction of more technologically advanced models is consid-
erably slower.

As a long-term symbol of Russia’s technological ambitions, the Su-57 remains a
key programme. Its first flight took place as early as 2010, but the first unit was de-
livered only at the end of 2020. This delay points to structural limitations in the indus-
try’s ability to scale technologically advanced platforms under conditions of restricted
access to global supply chains. In May 2025, the Su-57M, an upgraded version in-
corporating new technological solutions, was presented to the public, indicating that,
despite sanctions and limited production capacities, the Russian aviation industry
continues to seek to sustain the development of its most advanced combat platforms
(Army Recognition Group, 2025). Nevertheless, the limited scale of production shows
that such progress remains overshadowed by the gap between technological ambition

and industrial capability.

At the level of the overall aviation fleet, Russia has retained its position as one of
the leading powers. At the beginning of 2022, it had the second-largest military aircraft
fleet in the world, and it retained that position in 2024 with 4,292 aircraft, including
helicopters (Flight Global, 2025). For 2024, it is estimated that between 22 and 28
new aircraft of all types were produced (TCH, 2024), while for 2025 Russian officials
announced that new batches of Su-34 and Su-57 aircraft had already been delivered
to the battlefield, although their exact number was not disclosed. The overall bal-
ance over the three years of war, 2022-2024, amounts to approximately 70-80 new
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aircraft, showing that Russia, despite sanctions, has maintained a stable production
pace and ensured the supply of its air forces. Nevertheless, this pace does not alter
the basic fact that adaptation in the combat aircraft sector relies primarily on the mod-
ernization and serial production of already proven platforms, while the most complex

programmes are advancing much more cautiously.

In the economic logic of the war industry, the combat aircraft sector therefore il-
lustrates two parallel patterns. On the one hand, the limited production of the Su-57
and its modifications serves as a symbolic demonstration of technological capability
and the ambition to retain the status of a high-ranking aviation power. On the other
hand, reliance on proven and operationally more important platforms such as the Su-
35S and Su-34 makes it possible to meet immediate combat needs. This combination
shows that, in the field of combat aircraft, Russian industry has not been paralysed by
sanctions, but neither has it fully overcome their consequences. Its adaptation is real,
but selective: it is directed more toward preserving and gradually expanding existing
capabilities than toward a rapid breakthrough into a new technological generation of

systems.

Helicopters and Unmanned Aerial Vehicles as
Segments of Accelerated Adaptation

The helicopter and unmanned aerial vehicle sector represents the most striking
example of the adaptation of the Russian military aviation industry under the con-
ditions of sanctions and protracted war. Unlike combat aircraft, where technological
complexity, high cost, and slower production cycles impose serious constraints, hel-
icopters and especially unmanned aerial vehicles have enabled a more flexible re-
sponse to the demands of the front. It is precisely in this segment that one can most
clearly see how a war economy favours systems that best combine cost rationality,

serial production, and the immediate operational usability of produced assets.

In recent years, Russia has achieved significant growth in the production of key
combat helicopter models, above all the Ka-52M Alligator and the Mi-28NM Night
Hunter. As technically mature and already operationally proven platforms, these two
models have enabled relatively faster production adaptation than was the case in the
combat aircraft sector. Their advantage lies in reliance on existing platforms, estab-
lished supply chains, and long-standing production experience, which made it pos-
sible under wartime conditions to increase the pace of deliveries without complete
dependence on a new generation of technological solutions. This does not mean that
the helicopter sector was not affected by sanctions, but rather that the gap between
technological constraints and operational requirements was smaller than in the case
of the most complex combat aircraft.

Production of the Ka-52/52M was intensified in order to compensate for operation-
al losses and ensure the maintenance of a stable level of air support for ground forc-
es. According to available data, in August 2021 Russia signed a contract for 15 Ka-
52/52M helicopters, which were delivered in 2022, and for a further 15 during 2023,
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while in the summer of 2022 a new contract was also concluded for an undisclosed
number of aircraft. In July 2023, Defence Minister Sergei Shoigu stated that produc-
tion of the Ka-52 had doubled compared with the previous year, suggesting that the
2023 batch was considerably larger than before (Cooper, 2024). This model acquired
particular importance in the war in Ukraine as a platform for close fire support and
operations against ground targets, which further increased pressure on the industry to
maintain continuity of production and repair.

The Mi-28NM, whose serial production began in 2020, had similar importance
(Grishchenko, 2020). According to earlier plans, 98 units of this model were to be
procured by 2027, while in July 2023 Shoigu stated that its production had tripled com-
pared with the previous year. The data cited by Levichev (2023) indicate that in 2022
the armed forces received a total of 110 helicopters, against a plan of 71, compared
with 48 in 2021, while total deliveries in 2023 may have reached as many as 125 units.
Although these estimates should be interpreted with caution, they nevertheless show
that, after 2022, the helicopter sector experienced a greater increase in production
than the combat aircraft sector, confirming that this segment was better suited to ac-
celerated adaptation under the conditions of a war economy.

Data on the overall fleet are also important for understanding this process. Ac-
cording to Flight Global (2025), the number of active helicopters in the Russian mili-
tary decreased from 952 in 2022 to 841 in 2024. Nevertheless, the fact that the fleet
was maintained at a level above 800 aircraft despite a high rate of losses indicates
that production and repair capacities were able, at least partially, to offset operational
attrition. This confirms that, under wartime conditions, Russian industry had greater
capacity to maintain and expand the production of systems based on mature technical
solutions than was the case with the most advanced combat aviation programmes.

An even more pronounced example of adaptation is provided by the unmanned
aerial vehicle sector. If helicopters demonstrated the ability of Russian industry to
preserve continuity in the production of mature and combat-relevant platforms, then
unmanned aerial vehicles demonstrated its ability, under sanctions, to build a new,
more dynamic, and more cost-rational segment of military production. Drones, in par-
ticular, have become a symbol of the adaptation of the Russian war economy to the
requirements of a protracted war, in which importance is attached not only to the tech-
nologically most advanced systems, but also to those that can be produced in large

numbers, rapidly introduced into service, and relatively easily replaced.

According to CAMTO data, the production of unmanned aerial vehicles in Russia
reached more than 20,000 units in 2023, representing one of the most significant
changes in the structure of Russian wartime production after 2022. The aim here was
not to create, in the short term, the technologically most sophisticated segment of the
military industry, but to ensure a large number of inexpensive and operationally usable
platforms capable of performing reconnaissance and strike missions, as well as artil-

lery fire correction, at significantly lower cost than classical systems.

The institutional framework of this change is also significant. According to War
Wings Daily (2025), Russia allocated around 243 billion roubles to the unmanned
aerial vehicle sector for the period 2022-2025, with a plan to direct an additional 112
billion roubles by 2028. Funding outside the regular military budget indicates that the
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state treated this sector as a distinct development and production priority. According
to the same source, the establishment of 48 research-development and production
centres was also planned, with the goal of producing 180,000 units by 2030. This
shows that unmanned aerial vehicles were not viewed merely as a temporary solution
created under wartime pressure, but as a more lasting element of the new industrial

architecture of the war economy.

The development of this sector, however, was not based exclusively on domestic
capacities. According to CNA (2024), after 2022 the Russian defence industry sought
to mitigate the effects of export controls through three basic strategies: import substi-
tution, parallel imports through third countries, and cooperation with friendly states. It
was precisely in the unmanned aerial vehicle sector that the combination of parallel
imports and foreign cooperation produced the most visible results. In other words, the
success of the drone sector did not stem from the complete overcoming of sanctions,
but from the ability to mitigate their effects through more flexible and less formal sup-
ply channels.

Cooperation with Iran played a particularly important role in this process. As Avda-
liani (2024) notes, Russian-Iranian military cooperation after 2022 was raised to a new
level, and the unmanned aerial vehicle sector became one of its most visible fields.
The use and further adaptation of drones associated with the Iranian Shahed-136
model, which entered Russian service under the designation Geran-2, shows that
Russia sought not only to import ready-made solutions, but also gradually to integrate
them into its own production and operational framework. In this sense, cooperation
with Iran was significant not only as a temporary means of filling a technological gap,
but also as a way to accelerate the expansion of a segment of military production that
gained increasing importance under the conditions of a protracted war. At the same
time, more recent reports indicate that sanctions were not sufficient to completely
sever the channels of Russian-Iranian cooperation in this field, further confirming that
Russian adaptation in the unmanned aerial vehicle sector relied on external partners
as well as on domestic capacities (Soliday, 2025).

At the operational level, the results of such adaptation became visible relatively
quickly. Loitering munitions such as the Lancet-3 enabled precision strikes against
targets at tactical and operational depth, at lower cost than the use of more expensive
missile systems. FPV drones, such as the Privet-82 model, became an economically
rational supplement and, in some cases, even a substitute for traditional artillery and
missile systems. Their value did not lie in technological sophistication, but in the re-
lationship between cost, production speed, and the effects of immediate combat use.
Nevertheless, this model of adaptation also had obvious weaknesses. Production re-
lied to a significant extent on manual assembly, analogue or semi-professional control
systems, and imported components whose supply was not fully stable. This means
that the mass production of unmanned aerial vehicles did not necessarily imply full
technological self-sufficiency.

For precisely this reason, the unmanned aerial vehicle sector best illustrates the
nature of Russian adaptation. On the one hand, it demonstrates the industry’s consid-
erable ability to expand production in a short period of time, incorporate new actors,
rely on civilian and semi-civilian capacities, and develop a large number of operation-
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ally usable systems. On the other hand, this success rests on a compromise resulting
from the acceptance of simplified technical and technological solutions, the presence
of partial technological dependence, and reliance on external procurement channels.
The drone sector is therefore at the same time the most successful example of Rus-
sian wartime adaptation and the clearest indicator of its limits.

A particularly illustrative example of this adaptation is the development of a mobile
launch system for Geran-2 drones. This system, based on a modified KamAZ-6350
truck, shows that Russian industry has not only increased the number of unmanned
aerial vehicles produced, but has also sought to integrate them operationally into
more mobile, flexible, and resilient platforms. The linking of kamikaze drones with
ground-based launch systems points to the gradual institutionalization of unmanned
aerial vehicles and their incorporation into doctrinal norms and principles of use.

The public presentation of the truck-mounted launcher reflects institutional learn-
ing from recent conflicts, especially from the war in Ukraine, in which unmanned aerial
vehicles have acquired an important role in reconnaissance, precision strikes, and
psychological effects. By positioning launch systems closer to the front, Russia seeks
to reduce drone flight time, increase response speed, and complicate enemy counter-
measures. In this sense, the system represents not merely a technical modification of
an existing platform, but also an adaptation of its mode of use to the requirements of
more dynamic and flexible warfare.

Strategically, the development of such systems points to several major character-
istics of Russian military production after 2022. First, it shows that sanctions have not
halted the process of domestic copying, modification, and adaptation of foreign tech-
nologies; rather, they have further stimulated it. Second, the integration of kamikaze
drones into mobile ground platforms demonstrates an effort to incorporate unmanned
systems into a broader operational framework, instead of leaving them as isolated in-
struments of individual strikes. Third, this development reveals an attempt to increase
resilience and autonomy under combat conditions in which fixed launch positions and
slow systems are particularly vulnerable.

This innovation therefore shows how the Russian military-industrial complex con-
tinues to adapt under conditions of constraint, using existing platforms and simplified
unmanned aerial vehicle technologies to create asymmetric capabilities that rationally
combine economic efficiency, operational mobility, and strategic effectiveness. This is
precisely the broader significance of the Geran-2: not only the aircraft itself, but the
fact that it is becoming part of a more mobile, more rapidly adaptable, and more insti-
tutionally organized model of warfare.

For this reason, the helicopter and unmanned aerial vehicle sector as a whole
provides the clearest confirmation that the Russian military aviation industry did not
react uniformly after 2022. While adaptation in the field of combat aircraft was cau-
tious, selective, and conditioned by significant technological constraints, this segment
underwent a noticeably more dynamic reorganization. Helicopters made it possible to
maintain relatively stable air support on the basis of mature industrial solutions, while
unmanned aerial vehicles became the carrier of a new logic of wartime production,
based on mass production, lower cost, and a faster adaptation cycle. It can therefore
be concluded that, within the Russian aviation industry, the highest degree of opera-
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tional and industrial adaptability after 2022 was achieved in systems that were better
suited to the economic and technological logic of a protracted war.

Conclusion

The analysis of the technological adaptation of the Russian military aviation in-
dustry under sanctions shows that its scope cannot be reduced either to the thesis
of industrial collapse or to the thesis of a fully successful replacement of external
dependencies. Sanctions, particularly after 2014 and even more markedly after 2022,
undoubtedly limited access to critical components, slowed the technologically most
complex programmes, and increased the vulnerability of sectors dependent on deeply
integrated production chains. Nevertheless, they did not lead to the paralysis of the
Russian aviation industry. On the contrary, the war in Ukraine has shown that Russia
has managed to preserve production continuity, reorganize priorities, and build adap-
tation mechanisms which, although incomplete, enable the sector to function under
the conditions of a protracted conflict.

The key conclusion is that adaptation was not uniform, but structurally selective.
This unevenness is not accidental; rather, it reflects the logic of the war economy, with
clearly defined focal points and priorities. Instead of even technological progress, the
war and sanctions encouraged the concentration of resources on segments capable
of delivering operational results more rapidly, with an acceptable balance between
cost, speed, production quality, complexity, and combat usability. For this reason, the
most complex programmes, such as advanced new-generation combat aircraft, con-
tinued to exist as important symbols of technological ambition and strategic status, but
did not become the basis of mass wartime adaptation. By contrast, greater progress
was achieved where more stable industrial foundations, shorter production cycles,
and lower levels of technological dependence and vulnerability already existed.

In the combat aircraft sector, this means that Russian industry has not lost the
ability to produce and modernize aircraft, but that its adaptation has remained con-
strained by the need to rely on proven platforms and the gradual upgrading of existing
systems. In other words, in this segment sanctions have not halted development, but
they have changed its character: instead of a rapid technological breakthrough, the
emphasis has shifted toward preserving continuity, industrial feasibility, and sustaina-
bility under the conditions of a protracted war. This shows that, in the field of combat
aviation, Russian adaptation is real but limited; it is capable of sustaining the system,
but not of radically overcoming its structural weaknesses in the short term.

The helicopter sector, and especially the unmanned aerial vehicle sector, has
displayed a different mode of functioning. It is precisely in these segments that it
becomes most evident that the Russian war economy does not operate primarily ac-
cording to the model of technological superiority, but rather according to the model of
selective and pragmatic adaptation. On the one hand, this part of the industry shows
an exceptional ability to expand production in a short period of time, incorporate new
actors, rely on civilian and semi-civilian capacities, and develop a large number of op-
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erationally usable systems. On the other hand, this success rests on a combination of
simplified solutions and reliance on external procurement channels due to partial tech-
nological dependence. For this reason, the unmanned aerial vehicle sector represents
both the most successful example of Russian wartime adaptation and the clearest in-
dicator of its limits. Its effectiveness does not stem from full technological sovereignty,
but from the need that arose and from the achieved ability to circumvent and mitigate
constraints, while adequately compensating for missing techno-economic capabilities.

This is precisely where the broader significance of this research lies. The Russian
example shows that, under the conditions of a protracted war, industrial resilience
does not necessarily require the elimination of all dependencies, but rather the ability
of the system to remain elastic, adapt rapidly, and preserve production in accordance
with combat requirements. However, such adaptation comes at a cost: it often en-
tails postponing more complex development goals, relying on simplified technolog-
ical models, increasing dependence on external intermediary supply channels, and
strengthening the administrative direction of the industrial system. This is why the
results of this paper also point to a broader message for the state system: under
conditions of increased geopolitical uncertainty and technological disruption, the im-
portance of long-term and coordinated state planning grows. This applies not only to
defence planning and the war economy in the narrow sense, but also to the linking of
industrial development, the technological base, spatial development, infrastructure,
personnel policy, and the organization of supply chains. In this sense, the former con-
cept of social planning, regardless of the fact that it belonged to a different system,
recalls the importance of a managerial function capable of preventing the system from
entering an undesirable state and, in the event of disruption, enabling faster and more
organized recovery.

At the same time, the analysis shows that industrial resilience must not be viewed
solely through the ability to produce, but also through its logistical feasibility and long-
term sustainability. This means that both defence and civilian industry, as well as their
products and services, must be considered across the entire life cycle, from peace-
time conditions, through mobilization, to protracted war, while taking into account all
actors, spatial constraints, and channels through which resources move. Multi-option
supply, reliance on multiple sources, shorter and more resilient delivery channels, and
decision-making that is not only technically or strategically desirable but also logisti-
cally justified, feasible, and sustainable in the long term are of particular importance
in this framework. Therefore, the Russian military aviation industry after 2022 can be
understood not as an example of fully restored technological independence, but as
an example of an industry that, under strong pressure, has managed to become more

robust and operationally resilient, albeit with clearly visible limits to such adaptation.
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Summary

his paper analyses the technological adaptation of the Russian military avia-

tion industry under sanctions, with a particular focus on three key segments:
combat aircraft, helicopters, and unmanned aerial vehicles. The aim of the research
is to determine the extent to which sanctions-related restrictions, the disruption of
external technological ties, and the demands of a protracted war have affected the
development capabilities, production priorities, and operational role of this sector. The
analysis is based on available scholarly and professional literature, sectoral reports,
and statistical data, using content analysis, the comparative method, and descrip-
tive-structural analysis.

The paper shows that sanctions have not led to the paralysis of the Russian military
aviation industry, but they have significantly constrained its technologically most com-
plex programmes. This is particularly evident in the combat aircraft sector, where re-
strictions on access to advanced electronics, electronic systems, critical components,
and internationally connected production chains have most strongly affected the most
ambitious programmes. In this context, the Su-57, Su-35S, Su-34M, Su-30SM2, and
MiG-35 are analysed, among others. The research shows that the Su-57 programme
has retained high symbolic and strategic importance, but that its production remains
limited, revealing a gap between technological ambition and industrial capability. By
contrast, proven platforms such as the Su-35S and Su-34/Su-34M have gained great-
er importance, as their serial production has been more realistically adapted to the de-
mands of war. In this segment, adaptation has therefore been real but limited: directed
toward preserving production continuity, modernizing existing systems, and gradually
expanding capabilities, rather than toward a rapid technological breakthrough.
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A different pattern is observed in the helicopter and unmanned aerial vehicle
sectors, where adaptation has been more dynamic and more operationally visible.
Combat helicopters such as the Ka-52M and Mi-28NM show that Russian industry
under sanctions can increase production relatively quickly when it relies on technically
mature platforms, established production channels, and already proven solutions. An
even more pronounced example is the unmanned aerial vehicle sector, which after
2022 became one of the most dynamic parts of Russian military production. Systems
such as the Geran-2, Lancet-3, and various First Person View (FPV) drones are par-
ticularly significant, as their value lies in lower cost, a faster production cycle, and
broad operational usability. It is precisely in this segment that one can most clearly
see how a war economy favours systems capable of rapidly delivering usable results
at the front.

At the same time, the paper shows that this progress is not based on full techno-
logical sovereignty. On the contrary, adaptation has largely rested on a combination of
import substitution, parallel imports through third countries, cooperation with partner
states, and reliance on civilian and semi-civilian capacities. In this sense, Russian
adaptation has not meant the elimination of dependencies, but rather their partial
circumvention, mitigation, and operational adjustment.

The main conclusion of the paper is that the technological adaptation of the Rus-
sian military aviation industry after 2022 has been selective rather than uniform. The
greatest results have been achieved in segments with shorter production cycles, low-
er technological thresholds, and a more favourable relationship between cost and
combat usability, while the most complex programmes have progressed more slowly
and under greater constraints. The paper therefore concludes that the Russian mil-
itary aviation industry has not become technologically sovereign, but it has become
more operationally resilient. Its adaptation rests above all on pragmatic adjustment,
selective reorganization, and the preservation of key capabilities under the conditions
of a protracted war.

Keywords: Russian military aviation industry, sanctions, combat aircraft, helicop-
ters, unmanned aerial vehicles, war economy, import substitution, technological ad-
aptation, operational resilience

© 2026 The Author. Published by Vojno delo (http://www.vojnodelo.mod.gov.rs). This
article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creative//commons.org/licenses/by/4.0/).

(OOl

11/136



