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PEAJIM3ALINA KOHKYPEHTHBIX IPEMUMYILIECTB
MNPEANPUATUAMU POCCUMCKOI'O BIIK 3A CUET
MNPUMEHEHUA KOMIIO3UIINOHHBIX MATEPHUAJIOB

Jlapun Cepreii HukonaeBu4

KaHAUAAT TEXHUYECKUX HAYK,

BEIYLIMI HAYYHBIN COTPYIHUK
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Hay4HBIN COTPYIHUK

Coxos10B Hukousai AjleKCaHApoOBUY
KaHIUJAT (PU3UKO-MATEMATUUECKUX HAYK,
BEAYIINN HaYYHBIA COTPYAHUK
[{eHTpanbHbI 5SKOHOMHKO-MATEMATUIECKU I
unctutytT PAH

AHHOTANUsA. AKTYaJbHOCTh JAHHOM CTaTbH OINpPEAEIsAeTCS HEOOXOIUMOCThIO
noucka 3(P(EKTUBHBIX HAIMPABICHUN MOJEPHU3AIMU POCCUHUCKOM SKOHOMHUKHU B
YCIIOBUSAX HETaTHMBHOIO BIIMSHMSI CAaHKUMOHHBIX OrpaHuueHuid. OIHMM H3 TaKUX
HaIlpaBJIECHUI MOKET CTaTh pacIIMpEHrEe MAacITa00B U 00J1acTel MPUMEHEHNS HOBBIX
KOMITO3UIIMOHHBIX MarepuanoB. OHO [OJDKHO CTaTh OJHUM M3 CYIIECTBEHHBIX
KOHKYPEHTHBIX IMPEUMYIECTB, KOTOPbIE MOTYT OBITh C YCIHEXOM pEaM30BaHbl B
CTpaTerusx HMMIopTo3amenieHus: npeanpustusimu poccurickoro BIIK. Tem Goiee,
YTO ISl MPOW3BOACTBA COBPEMEHHOW BOCHHOW TEXHUKH W CUCTEM BOOPYNKEHHU
TpeOyrOTCSl MaTepuajbl C HOBBIMH XapaKTepUCTHKaMH, KOTOpble paHee Obuin
HEJIOCTYTIHBI.

OcHOBHasT 1enb [JAHHOTO MCCIENOBAaHUS 3aKIOYaeTCs B  BBISIBICHUU
COBPEMEHHBIX KOHKYPEHTHBIX NPEUMYLIECTB npeanpustui poccuiickoro BIIK, B
YaCTHOCTH, 3a CYET pacllupeHus MacmTaboB U chep NpUMEHEHHS HOBBIX
KOMIIO3ULIMOHHBIX MaTE€pUAJIOB.

B crathbe 000CHOBaHO, UTO Ha COBPEMEHHOM 3Talle MOJAEPHU3AUN YKOHOMHUKHU
Poccun npuMeHeHHME HOBBIX KOMIIO3MIIMOHHBIX MaTEpHalioB  CIIOCOOCTBYET
MHTEHCU((DUKAIIUU MPOU3BOJICTBA BRICOKOTEXHOJOTUYHON U HAYKOEMKOM MPOIYKIIUH.
birarogapst HanMYMIO SKCTPEMAJIBHBIX CBOMCTB M KAYECTBEHHO HOBBIX XAPAKTEPUCTUK
KOMITO3ULIMOHHBIE MATEPHAIIBI YXKE CEMYAC UCIIOIB3YIOTCS MHOTUMH MPEANPUATAIMHA
poccuiickoro BIIK.
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Nmeromeecs: otcraBanne Poccuu oT pa3BUTHIX CTpaH B YacTH HCIIOJIb30BAHUS
KOMIIO3HUIIMOHHBIX MAaTEPHaJIOB MOXKET OBITh JIOCTATOYHO OBICTPO KOMIIEHCHPOBAHO.
JInst 9TOrO ClieAyeT WHTEHCHUBHO pa3BHBATh HMX IPOU3BOACTBO C IOCIEAYIOLINIM
UCTIOJIB30BAHUEM ISl CO3/IaHUS HOBBIX OOpa3lOB BOCHHOW TEXHUKA W CUCTEM
BOOpY>kKeHUH. [Ipy 3TOM OCHOBHBIE XapaKTEPUCTHKH MPOU3BOIAMMBIX YK€ CETOIHS
00pa3IoB BOOPYKEHUI 3HAUUTEIHHO OIEPEkKAIOT 3apyOeKHbIE aHAJIOTH.

KnawueBble ciaoBa:  CTpaTeruu  UMIOPTO3aMEIICHUS,  CAHKIIMOHHBIE
OrpaHUYCHUS, HETaTUBHOE BIIUSIHUE, KOHKYPEHTHBIC IPEeUMYIIECTBA,
KOMITO3UITUOHHBIE MaTePHAIBL.

REALIZATION OF THE RUSSIAN MILITARY-INDUSTRIAL
COMPLEX ENTERPRISES COMPETITIVE ADVANTAGES
THROUGH THE APPLICATION OF COMPOSITE MATERIALS

Larin Sergey Nikolaevich
Ermakova Yasmina Maratovna
Sokolov Nikolai Alexandrovich

Abstract: The relevance of this article determined by the necessity to find
effective ways to modernize the Russian economy in the face of the negative impact
of sanctions restrictions. One of these areas may be the intensive growth and
increasing scope of new composite materials. It will become one of the significant
competitive advantages, which successfully implemented in the strategies of import
substitution by enterprises of the Russian military-industrial complex (MIC).
Moreover, the production of modern military equipment and weapons systems
requires materials with new characteristics that were previously unavailable.

The main purpose of this study is to identify the modern competitive
advantages of Russian military-industrial complex enterprises, in particular, by
intensive growth and increasing scope of new composite materials.

The article substantiates that at the present stage of modernization of the
Russian economy, the usage of new composite materials contributes to the
intensification of the production of high-tech and science-intensive products. Due to
the presence of extreme properties and qualitatively new characteristics, composite
materials already used by many enterprises of the Russian MIC.

The existing gap between Russia and developed countries in terms of the usage
of composite materials is possible to compensate. For this, their production should
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intensively developed subsequent use to create new types of military equipment and
weapons systems. The main characteristics of weapons produced today are already
significantly ahead of their foreign counterparts.

Key words: Import substitution strategies, sanctions restrictions, detrimental
effect, competitive advantages, composite materials.

Introduction

For the first time, composite materials began to use in ancient Egypt. It was
there that primitive builders came up with the idea of adding straw to clay bricks so
that they would not crack when fired in the sun and become more durable. More than
one millennium has passed and it is already difficult to find such a branch of
industrial production all over the world in which composite materials would not be
used one way or another. Thus, at present, the leading branches of industrial
production in the USA and Europe are actively using composite materials. If we
compare the share of consumption of these materials in foreign production with the
share of their consumption in the leading sectors of the Russian economy, then it will
be 20 and 10 times higher, respectively. In the Russian economy, the leader in the
usage of composite materials is the aircraft industry, where the share of their use
reaches 15%, but in the shipbuilding industry, the share of use does not exceed 2%.
Of course, in order to reduce the negative impact of sanctions restrictions, Russia
should develop research and development (R&D) at a faster pace with a view to their
subsequent implementation for the development of high-tech industries of its
economy. As known, the military-industrial complex (MIC) always considered as one
of the leading drivers for the modernization and development of the Russian
economy and its industrial production, including the use of new composite materials.
Due to fundamentally new characteristics, these materials used at most industry
enterprises of the Russian military-industrial complex. The main areas of their use are
ensuring the personal safety of military personnel through the production of
protective ammunition (bulletproof vests), as well as in the areas of tank building,
naval shipbuilding, rocket building, aircraft building and many others. Therefore, we
can state with full confidence that the expansion of the scale and scope of new
composite materials is one of the significant competitive advantages of Russian MIC.
Modern features of these processes disclosed in this article.

Purpose of the study

The main purpose of this study is to identify the modern competitive
advantages of Russian military-industrial complex enterprises by intensive growth
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and increasing scope of new composite materials. They can successfully implemented
In import substitution strategies. The Russian MIC has always considered as one of
the leading drivers for the modernization and development of the economy of our
country. Therefore, it seems that the successful implementation of new competitive
advantages in the import substitution strategies of military-industrial complex
enterprises would significantly reduce the negative impact of sanctions restrictions on
the economic development of Russia.

Materials and methods of research

The implementation of sectoral import substitution strategies at the present
stage of Russia's economic development contributes to an intensive transition to the
production of high-tech and science-intensive products. Its basis should be the active
introduction of innovative technologies, improving the quality of products,
modernizing all sectors of the economy. It is no coincidence that the Ministry of
Industry and Trade of Russia approved 2,200 technological areas for the development
of the domestic economy in the industry plans for import substitution, which
determine measures to stimulate industries and leading enterprises participating in the
implementation of these programs [1].

However, to date, there are still negative factors in Russia that impede the
stable growth of production of industrial enterprises of the Russian economy. Among
them, it is necessary to highlight the limited funding of R&D aimed at obtaining
materials with fundamentally new characteristics. It entails the preservation of the
technological backlog of Russian manufacturers of new generation composite
materials. Therefore, a large number of domestic enterprises forced to purchase the
necessary raw materials for the production of composite materials (resins and fibers)
abroad. New characteristics of composite materials created by using several
constituent components. The basis of these materials formed by a matrix of metal,
polymer or ceramic, which additionally reinforced with fillers from different types of
fibers, crystals and particles [2].

Developed system of tenders for such purchases remains a negative factor. On
the one hand, it clearly spells out all the structural materials for the purchase.
However, on the other hand, it completely lacks the necessary flexibility in choosing
alternative solutions. In addition, the enterprises lack qualified specialists with the
necessary professional competencies, knowledge and experience in the production of
composite materials. Manufacturers of composite materials and large industry
enterprises do not interact effectively enough that could identify those industry
productions. Although they could receive an additional impetus for their development
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by replacing traditional materials with composite. Another difficult problem is the
lack of effective technical regulation mechanisms, Russian standards for the
production of composite materials, as well as methods for testing them. So, for
example, only in 2015 in Russia was introduced GOST for fiberglass fabric.

At the same time, now there are all conditions for the development of the
production of composite materials. Moreover, the situation in this area is gradually
improving. In many ways, these conditions provided by the scientific groundwork
that has been preserved at the enterprises of the military-industrial complex, the
continued need to implement sectoral strategies for import substitution and increase
the efficiency of interaction between enterprises producing composite materials with
large consumer enterprises.

As you know, the practice of using composite materials today covers many
industries. They used in the construction industry, in the production of armored glass,
medical prostheses, bases for electronic circuit boards, etc. Qualitatively new
characteristics of composite materials allow them to be successfully usable in the
aviation, auto, ship and rocket industries for the production of military and civilian
products. Elements of instruments and equipment made of composite materials using
for operation in aggressive environments and at high temperatures, namely: in
spacecraft, at nuclear power plants, in the production of military equipment and
weapons systems.

The main types of composite materials include:

— metal-composite materials based on non-ferrous metals (copper, aluminum,
nickel, etc.);

— ceramic composite materials that are produced by pressure sintering of
ceramic mass with the addition of fibers with the required characteristics;

— organoplastics with organic fibers of both natural and artificial origin,
which, in terms of weight characteristics, are significantly superior to products made
of glass and carbon fiber;

— textolites, the basis for the production of which is a polymer matrix, and as
a filler, fabrics of various nature are used.

However, polymer-composite materials (PCM) are the most widely
represented. Various polymeric substances are used as a filler in PCM, which open up
wide opportunities for their use in various industries, both for civilian purposes, for
example, in dentistry, and for military purposes, for example, in the production of
battle tanks, ships, aircraft, other equipment and systems weapons. Modern practice
shows that PCMs are most effectively using in high-tech industries. Thus, engineers
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cannot create a modern aircraft without the use of PCM, while the share of PCM in
advanced aircraft models is more than 60%. The main feature of PCM is the
possibility of obtaining a certain set of characteristics by combining various matrices
and their reinforcing elements. In other words, today it is possible to produce PCM
with predetermined properties for their use in specific sectors of the economy [2].

For the production of PCM and products from them, there are two methods
today. The first one is vacuum infusion technology. It allows you to produce products
of a sufficiently large size. However, a significant disadvantage of this technology is
the high cost of the used materials. Another method for the production of PCM -
RTM, on the contrary, has limited application in the production of oversized
products. For this reason, it is using for the production of medium-sized products,
from which the entire structure is assembled. The usage of PCM for the production of
large structures combines several technological processes. At the beginning of
production, conventional and structural materials supplied in a certain sequence. In
the course of production, they converted into PCM using one or another technology
and used to assemble a specific product.

Results and discussion

Because of the studies, the features of the usage of PCM in various sectors of
the Russian military-industrial complex revealed. In some of them, the share of
foreign components and equipment manufactured using PCM exceeded 90% in 2016

Today, PCM is the basis for the development and creation of devices with
enhanced stealth properties, which include unmanned aerial vehicles (UAVS). The
use of PCM in UAV structural parts makes it much more difficult to detect them at
medium and long distances.

A number of enterprises of the Rostec Corporation are currently mass-
producing products from PCM for the Angara and Proton launch vehicles. Now, up to
40% of parts for such products made based on PCM, which contributed to a reduction
in the weight of the launch vehicles themselves by 12%. Almost all elements of the
sound-absorbing panels of aircraft engines of PAK DA, PAK FA and IL-112 aircraft
produced at domestic enterprises using modern PCM. This made it possible to reduce
the weight of aircraft without equipment by 20-30%, shorten the time and
significantly reduce the total cost of manufacturing these aircraft as finished military-
technical products within the framework of the state defense order and the
implementation of industry-specific import substitution programs [3].

Today, the share of PCM application in the aircraft industry continues to grow
steadily. If in the 80s of the last century the share of products from PCM was 10-15%
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of the weight of the aircraft, then in modern long-haul aircraft it exceeds 60%. PCM
used to manufacture the structures of the center section, fuselage, wing and tail unit.
For the newest Russian aircraft MS-21 at the AeroComposite plant in Ulyanovsk,
mass production of a wing structure made of PCM launched. In the aircraft industry,
R&D carried out to develop the latest technologies for the production of light radar-
absorbing PCMs based on nanocarbon compounds.

Thanks to the successful application of PCM in the aircraft industry, Russia is
among the world's leading countries in the production of modern military aircraft. For
example, on the T-50 multifunctional fighter of the fifth generation (PAK FA), the
fuselage is completely made of modern radar-absorbing PCM, and the share of PCM
Is almost 25% of the total weight of the aircraft, excluding ammunition. In addition,
due to the use of PCM, the total number of parts used to assemble the aircraft
significantly reduced. Similar radar-absorbing PCMs used in the production of the
fuselages of the MiG-29K/KUB and MiG-35 fighters. MIG Corporation launched a
special production of high-strength carbon fiber parts, which uses materials of only
Russian origin, including carbon fiber thread [4].

A number of enterprises produces various types of PCM for the needs of the
branches of the Russian military-industrial complex. PCMs incorporate polymer
fibers with fibrillar structures of different properties and functional purpose, the
presence of which provides the most optimal combination of the duration of
interaction with the damaging element and the rate of absorption of its damaging
energy. The combination of these factors, in turn, makes it possible to obtain
sufficiently high rates of anti-shock and anti-fragmentation protection for military
personnel equipped with modern bulletproof vests. An important circumstance in this
case is their relatively low weight compared to previously used samples.

Today, various types of armor protection made from PCM have appeared and
successfully used. These include hybrid interlayer polymer-metal and polymer-
ceramic materials, from which combined armor protection formed instead of the
usual one, as well as modern nanopolymer and electroactive polymer materials.
Having high shock-resistant and low weight characteristics, PCM widely used in the
construction of outer skin and superstructures of warships. So, for example, in
Russian corvettes of the "Guarding™ type, the superstructure is completely made of
lightweight PCM.

After the 80s of the last century, the use of armor protection from PCM for
various purposes has become a generally recognized trend in the development of
world tank building. Usage of armor protection from PCM not only made it possible
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to replace traditional armor made of durable steel, but also significantly increased the
protection of the tank and its crew from shells of cumulative, kinetic and other
pUrposes.

In the production of military helicopters, the protection of the cockpit in the
firing sector of 360 degrees provided by ceramic-plastic armor. This effect achieved
through the joint use of this type of armor protection in the “protector” shield of the
cabin itself and the armoring of the crew seat backs. At present, in the production of
modern helicopters, both individual hull elements and the entire hull structure made
from PCM. As individual elements, we can note the production of all-composite
carbon fiber blades for Mi-38, Mi-35M, Mi-28NM helicopters. The use of such
propeller blades made combat helicopters more reliable by increasing the strength of
the blades and increasing their engine life, which, in turn, led to an increase in their
cruising and maximum speed by 10-15% [4].

The fifth generation of Russian submarines will have many elements from
PCM. Such elements include a multilayer composite hull, control rudders (bow and
stern), stabilizers, enclosing structures of the cabin, propeller blades, main engine
shafts, etc. The launch of the production of these products began after 2020, when the
production of all fourth generation submarines was completed.

Today, it is becoming commonplace for the Russian Navy to have an
increasing number of warships, the hulls of which are completely made of PCM.
The first unique minesweeper "Alexander Obukhov" with a total displacement of 890
tons accepted into the Russian Navy in 2016. Its body is 61 meters long and 10
meters wide. The main feature of the hull of this ship is that it is completely made of
PCM in the form of monolithic fiberglass. The use of this material made it possible to
increase the strength of the hull of this ship compared to the hulls of other ships made
from conventional materials. In addition to increasing the strength of the hulls of
naval ships, the use of PCM in the shipbuilding industry provides a significant
reduction in their total mass. This circumstance contributes to an increase not only in
the speed of movement by 10-20% without any modernization of the engines of the
running units, but also in the mass of the payload in the form of additional units of
military equipment and sets for weapons systems [4].

Among other developments of the shipbuilding industry as part of the
implementation of import substitution programs, we should highlight the completion
of the construction of a series of ships of project 12700 "Alexandrite". Also, export
deliveries of a series of warships and ships that ensure their operation, the hulls of
which are made of PCM, for the Navy of Kazakhstan and Turkmenistan were
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implemented. Shipbuilders planned for the coming years to set the task of expanding
the geography of export deliveries. We should also notice the successful development
of radar-absorbing PCMs, which used for the production of corvettes of projects
20380 and 20385. In addition to these developments, R&D is currently being carried
out at industry enterprises of the defense industry, such as the Sredne-Nevsky
Shipbuilding Plant, Steklonit, the Research Institute of Polymers, Dugalak,
Elektroizolit and a number of others to develop fiberglass, metal foams, binder vinyl
ester resins, which previously only purchased by import [4].

Other enterprises have successfully mastered the production of consoles from
PCM for small and medium-sized ships, introduced technologies for the production
of three-layer panels from PCM for the manufacture of sections of bulkheads, decks
and superstructures of surface ships. The development of a technology for the
production of ship hull elements from PCM is nearing completion. In 2017,
producers created a catalog of products that are advisable to produce from PCM for
the shipbuilding industry, and the production of pilot batches of such products
introduced at the enterprises of the United Shipbuilding Corporation. Obtained results
gave a new impetus to the use of modern PCM in Russian shipbuilding.

Conclusion

The results obtained in the course of the study allow us to formulate the
following conclusions.

1. For the production of PCM, the implementation of industry-specific import
substitution programs in the Russian military-industrial complex is more relevant
than ever. First of all, because there is an active development and introduction into
production of modern PCM and technologies for their manufacture and use. Thus, not
only the competitive advantages of the Russian military-industrial complex in the
production of the latest models of military equipment and weapons realized, but also
the prerequisites created for the successful use of the latest PCM in civilian
industries.

2. The Federal Program "Development of the military-industrial complex™
establishes a requirement for a gradual increase in the volume of production of
civilian products at industry enterprises of the military-industrial complex. Thus, the
share of these products should increase by 1.5-2.0 times by 2025 [5]. Accordingly,
we should expect an increase in the share of PCM used for its production. This
circumstance allows us to be quite optimistic about the prospects for the development
and implementation of import substitution programs in the Russian military-industrial
complex.
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3. Today, the leading enterprises of various sectors of the military-industrial
complex have a significant number of projects, the implementation of which will lead
to additional growth in the market and the business of suppliers. However, the
successful implementation of these and other projects depends on the implementation
of a consistent and balanced state industrial policy in the field of finance, planning of
the state defense order and balanced protectionism of all interested participants, from
government agencies to specific manufacturers of various types and types of military
equipment and weapons.
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