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Development of robotic circular reproduction in ensuring
sustainable economic growth

Abstract. To confront global challenges in the field of environmental security, humanity needs reproduction
chains of a new type that correspond to the models of the green economy and the principles of sustainable
development. The most relevant concept that meets these conditions is a circular economy. A new round of
industrial development provides additional opportunities to introduce principles of circular reproduction. The
proliferation of robots and the introduction of artificial intelligence systems will facilitate the implementation
of circular innovations. The purpose of the paper is a study of current trends in the transformation of global
value chains based on the symbiosis of virtual and physical production systems which form new operating
models and contribute to sustainable economic growth. The research methodology includes general
scientific methods of cognition, systemic and situational approaches, methods of structural and functional
analysis, empirical generalization and comparison, as well as tabular and graphical methods of visualization
of statistical and calculated data. The main results of the study are to gain new knowledge about the role
of interaction between digital and physical spaces in ensuring the achievement of goals of sustainable
development and the implementation of principles of circular reproduction. Studying robotic circular
reproduction will increase the relevance of the concepts of a green economy and circular reproduction,
which will promote effective implementation of the above concepts in the Russian Federation.
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P0o3BUTOK pOOOTU30BaHOIO LUPKYJISIPHOIO BiATBOPEHHS

B 3a6e3ne4YyeHHi CTanoro 3pocTtaHHA eKOHOMIKHN

AHoTauiqa. Ona npotugji rnobanbHUM BukivkaM y cdepi ekonoriyHoi 6e3nekn noacTBy HeoOXiaHi
BiATBOPIOBASIbHI JIAHLIIOXKM HOBOIO TUMY, WO BiANOBIAAIOTE MOAENSAM «3€JIeHOI» eKOHOMIKU N MpuHuunam
CTanoro pos3BuTKy. Hanmbinblu akTyanbHOK KOHLEMLE, SKa BigNOBIAAE UMM YMOBaM, € LMPKYISpHa
€KOHOMiKa. HOBUIA BUTOK iHOYCTpiasibHOro pO3BUTKY 3abe3nedye LOAATKOBI MOXIVMBOCTI AJ151 BMIPOBAAXKEHHS
NPUHUMNIB LMPKYISIPHOMO BiATBOPEHHS. MowmnpeHHs poboTiB i BNPOBaAKEHHS CUCTEM LUTYYHOrO iHTENEKTY
OynyTb CNpuUaTY peanilauii iIHHOBAaL,i LMPKYSIPHOIO XapakTepy.

MeToto cTaTTi € AOCNIAXEHHS Cy4YaCHUX TeHAEHUIin B obnacTi nepeTBOPEHHsI rnobafibHUX NaHLIOXKIB
CTBOPEHHS LiHHOCTi Ha OCHOBI CMMOBi03y BipTyasibHUX i QI3NYHUX CUCTEM BUPOOHMLITBA, SKNIN HGOPMYE HOBI
onepauinHi Mmoaeni Ta Cnpuse CTanomMy EKOHOMIYHOMY 3POCTaHHIO.

MeToponorist 4ocnio)XeHHs Bk/toYae B cebe 3arasibHOHayKOBi METOAM MNiBHAHHS, CUCTEMHWNIA, CUTYaLINHWIA
nigxoam, MeToam CTPYKTYPHO-®YHKLIOHANBbHOIO aHanidy, eMnipuyHoro ysarasibHEHHSI N MOPIBHAHHS, a
TakoX TabnunyHi 1 rpadiyHi npuinoMm Bidyanizauii CTaTUCTUYHUX | PO3PaxXYHKOBUX AAHUX.

OCHOBHI pe3ynbTatn AO0CAIOXEHHS MNOAAraloTb B OTPUMAaHHI HOBUX 3HaHb MNPO pPOSb B3aEMOAii
umdpoBoro Ta Gi3MYHOro NPOCTopIB y 3abe3neyveHHi JOCArHEHHS Linel cTanoro po3BuTky 1 peanizauii
NPUHLUMNIB LMPKYJSPHOIO BiATBOPEHHS. BMBYEHHS 40CBIAY 3aCTOCYBAHHS TEXHOOTI pOOOTU30BAHOIO
LMPKYNSAPHOIO BiATBOPEHHS A03BOJSIUTL NIABULLNTN aKTyaNbHICTb KOHLEMNUi «3eNeHOoi» eKOHOMIKN 1
LMPKYNSLLINHOIO BIATBOPEHHS Ta afanTyBaTu iXx 40 ePeKTUBHOIO BNPOBaAXEHHS HA TepUTOpPIi POCINCbKOi
depnepauii.

Knio4oBi cnoBa: uvpkynsipHa €ekoHOMika; iHaoycTpia 4.0; undpoBa ekoHOMIKa; UUPPOBI TEXHONOTI;
po00TM3aL,is; LUTYYHUI IHTENEKT; LMPKYNSPHI 6i3HeC-MoaenNi; CTanmii PO3BUTOK.
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Pa3BuTtne po60TU3MPOBAHHOIO LUPKYNSIPHOIro BOCNPOU3BOACTBA

B o6ecneyYyeHnn ycToOM4YMBOro pocta 3KOHOMUKN

AHHOTauma. [Ing npoTMBOCTOAHMA rnodanbHbiM Bbi30BaM B cdepe IKonormyeckom 6e30nacHoOCTU
4yenoBe4yeCTBY HEOOXOANMBI BOCNPOU3BOACTBEHHbIE LLEMOYKN HOBOIO TUMa, COOTBETCTBYIOLIME MOLENSAM
«3eJIeHOM» 3KOHOMWKM W MPUHLMIAM YCTOMYMBOIO pasButus. Haubonee axTyanbHOM KOHUENUuen,
OTBEYaloWeENn 3TUM YCNOBUSAM, SBASETCS UMPKYIsSpHas 3KOHOMMKA. HOBbIA BUTOK MHAOYCTPUANbHOMO
pa3BuTus obecneynBaeT AOMOJHUTENIbHbIE BO3MOXHOCTW ANS BHEAPEHUS MPUHUUMOB LUPKYASPHOIo
BOCNpou3BoACcTBa. PacnpocTpaHeHmne pob0oToOB U BHEAPEHME CUCTEM MCKYCCTBEHHOIO MHTENNeKTa 6yayT
CcnocobCTBOBATHL peannsauym MHHOBaLMIA LMPKYISIPHOIO Xapaktepa.

Llenbio cTaTbm ABNSIETCS CCNeA0BaHNE COBPEMEHHbIX TEHAEHUMI B 061acTy Npeobpa3oBaHns rMobasbHbIX
Lenoyek co3naHns LLlEHHOCTM Ha OCHOBe cuMMOMO3a BUPTYaslbHbIX U GU3NYECKUX CUCTEM MPOU3BOACTBA,
(hOPMMPYIOLLIEr0 HOBbLIE OMEPALMOHHBbIE MOAENN U CNOCOOCTBYIOLLENO YCTOMYMBOMY 3KOHOMUYECKOMY
pocCTy.

MeToponornss uccnenoBaHus Bko4aeT B cebsa obuieHayyHble MeTodbl MO3HaHUS, CUCTEMHLIA U
CUTYaUMOHHBI NoAXoAbl, MeTOAbl CTPYKTYPHO-OYHKUMOHAIbHOIO aHann3a, 3Mnmpuyeckoro o600LLeHns,
CpaBHEHMUS, a Takxke TabnuyHble U rpadudeckne nNpuemMsl BU3yanndaumm CTaTtUCTUHECKMX U PACHETHbIX
OaHHbIX.

OCHOBHbIe pe3ybTaTbl UCCNe0BaHNS COCTOST B MOSTYYEHUN HOBbIX 3HAHWI O PO TMOKOro B3aNMOLENCTBUS
undpoBoro 1 GpU3MYECKOro NPOCTPaHCTB B 0OeCnevYeHnn OOCTUXEHUS LEeNel YCTOMYMBOrO pas3BuTus U
peanusaum NPUHLMNOB LMPKYASPHOro BoOcCnpom3BoacTtea. M3ydyeHme onbita NPUMEHEHUS TEXHONOMNMA
pPOOOTU3NPOBAHHOIO LIMPKYASIPHOMO BOCMPOM3BOACTBA MO3BOSIUT MOBLICUTL aKTyasIbHOCTb  KOHLEMNUMIA
«3e/IEHON» 3KOHOMUKN U UUPKYNSUMOHHOMO BOCMPOM3BOACTBA UM afanTupoBatb UX K 3POPEKTUBHOMY
BHeapeHuto Ha Tepputopum Poccuiickoii depepaumn.

KnioueBbie cnoBa: LypKynapHas 9KOHOMUKA; nHAYCTpua 4.0; umdpoBas SKOHOMUKA; LMDPOBbIE TEXHONOMU;
pPO60TU3aLMS; UCKYCCTBEHHbIV MHTENNEKT; LMPKYNSAPHbIE BU3HEC MOAENN; YCTONYMBOE PA3BUTHE.
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1. Introduction

In order to face up to the global challenges in the field of environmental safety, humanity needs
a new type of reproduction chains that correspond to the models of the green economy and the
principles of sustainable development. The most relevant concept that meets these conditionsis a
circular economy. Its key feature lies in the multiway use of products based on the secondary use
of wastes or its complete disposal.

A new round of industrial development characterized by digital transformation and the
fourth industrial revolution provides additional opportunities to introduce the principles of a
circular economy. A special place in this process is occupied by the spread of robots and the
introduction of artificial intelligence systems that contribute to the implementation of circu-
lar innovations. Robotic production chains will make it possible to achieve the stated goals to
maximum effect. During the fourth industrial revolution, in addition to automatic and adaptive
industrial robots, the third-generation robots with artificial intelligence are being introduced.
They are fully integrated into the global Internet of Things, which helps to strengthen control
over production processes in terms of minimizing the consumption of primary raw materials
and increasing the volume of processed resources. This approach will significantly decrease
the generation of wastes which are eventually sent to landfills and will reduce the area of dis-
posal sites and unauthorized landfills. Ideally, the consequence of using robots with artificial
intelligence and increased digitalization of reproduction processes will be the closure of the
production cycle and absolutely non-waste production, contributing to the achievement of
sustainable development.

2. Brief Literature Review

At present, a large number of works by both domestic and foreign researchers are devoted to
the development of conceptual foundations of robotic circular reproduction. Features of repro-
duction processes have been considered by O. A. Lamovtseva (2010). The relationship between
the implementation of the circular economy principles and the achievement of sustainable de-
velopment goals has been revealed in the works by N. V. Pakhomova, K. K. Rikhter, M. A. Vetro-
va and D. Gerasimenko (2017). The importance of transition to a circular economy has been dis-
cussed by V. D. Alexandrova (2017). The significance of digital transformation of the economy to
introduce principles of circular production in terms of production processes based on artificial in-
telligence has been revealed by V. V. Mylnik and A.V. Mylnik (2014). The evolution of the theory of
circular reproduction and closed supply chain has been reflected in the works by J. Guide and
L. Wassenhove (2009). The world experience in implementing the principles of circular reproduc-
tion has been considered in the works by foreign authors such as F. Preston and J. Lehne (2017),
G. Hervey (2018), D. Benton and J. Hazel (2019), R. Sarc et al. (2019) as well as, J. O. Strandhagen
et al. (2019).

Meanwhile, the issues of implementing the principles of robotic circular reproduction in en-
suring the achievement of sustainable development have not been fully covered by either the re-
searchers listed above or any other authors and, therefore, need additional scientific research.

3. Purpose

The purpose of the paper is to study current trends in the transformation of global value chains
based on the symbiosis of virtual and physical production systems, which forms new operational
models thus contributing to sustainable economic growth.

4. Methodology

To achieve the goal of the present study, general scientific methods of cognition, systemic
and situational approaches, methods of structural and functional analysis, empirical generaliza-
tion and comparison, as well as tabular and graphical methods of visualization of statistical data
have been used.

5. Results

Interest in the implementation of circular business models is related to the deteriorating en-
vironmental situation, as well as to the idea of abandoning the linear economy based on output
growth with unlimited use of natural resources. (Matviychuk-Soskina et al., 2019). The active use of
the linear model has led to large-scale environmental problems, including the depletion of natural
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resources, emission of pollutants, greenhouse gases, growth of refuse and wastes, as well as to
inefficient management of them. In this connection, the transformation of the national economic
system in terms of increasing its sustainability, achieving climate goals and preserving natural re-
sources is a high-priority task in making management decisions (Kolmykova, 2019).

The implementation of principles of circular reproduction will provide for the value of products,
materials and resources to be maintained for as long as possible, returning those to the manufac-
turing cycle at the end of their use and minimizing generation of wastes. These principles should
be implemented from the very beginning of the product life cycle, as its mental design and new
production processes can help save resources, avoid inefficient waste management, and create
new business opportunities.

The ratio and structure of the advantages and possible risks related to a circular economy are
different for each specific territory, which makes it necessary to differentiate the ways of its intro-
duction in countries and regions with different levels of development. Moreover, the specific fea-
tures of socio-economic priorities and the responsibility of social environmental have a significant
impact on these processes. Countries with a robust economy, advanced technologies and pro-
duction practices have a greater potential for the introduction a circular economy. However, it is
here that there is an increased risk of the nominal use of circular models in order to gain additional
access to markets and guarantee the preservation of countries’ positions. Developing countries
with a lower standard of living are able to apply the principles of circular reproduction as reasona-
bly as possible. For example, the presence of circular models in the manufacturing activity of de-
veloping countries is mostly associated with the sorting and reuse of waste, which makes it pos-
sible to obtain the so-called «growth points» for the sustainable development of the territory, con-
tributing to the promotion of various forms of innovation by the business community, government
and other stakeholders (House, 2017).

In the associations of countries, in particular in the European Union, each country also has its
own peculiarities of implementing the principles of robotic circular reproduction. For example,
in Germany, which has a strong industrial economy, the basis of circular reproduction is formed
through material flow and the availability of materials; in the Netherlands - through innovations
in materials and business models (Sachek, 2018). Finland is the first country to introduce a na-
tional roadmap for the transition to the circular economy (Finnish road map to a circular economy
2016-2025). It is natural that it is large European countries, such as the United Kingdom, Germa-
ny and France that take the leading positions in assessing the development of robotic circular re-
production, having a higher volume of investments, patents and jobs in the circular sectors of the
economy. For example, it is Germany that ranks first in the number of patents related to the circu-
lar economy, being significantly ahead of France, which is in the second position (1,260 patents
against 542). Also, Germany and the United Kingdom are leaders in circular investments, in many
respects surpassing other European countries (Shershunovich, 2018).

A continued trend of large amounts of waste generation in Western and Northern European
countries affects the decline of positions of countries such as Sweden, the Netherlands and
Denmark in the circular economy ranking. Even a sufficiently high level of the development of
waste recycling industry and financing of environmental innovations cannot change the situa-
tion for the better. The largest amount of municipal waste per capita per year is generated in
Denmark - 777 kg/person; the smallest in Romania - 261 kg/person. The Netherlands is the
leader in the level of food waste generation (541 kg/person). The lowest value is recorded in Slo-
venia (72 kg/person). The countries of Central and Eastern Europe show the lowest level of con-
sume and food wastes generation (Hervey, 2018).

The effective application of principles of circular reproduction is characteristic of Asian coun-
tries. For example, in Japan, the law on promoting the efficient use of resources was adopted
in 2000 (Ministry of Economy, Trade and Industry of Japan, 2000). Currently, Japan’s recycling
rates speak for themselves: the country recycles 98% of all metals. Based on the disposal laws,
the vast majority of electric and electronic products are recycled with the recovery of up to 90%
of the materials suitable for further use. Many of them return to the production of similar types
of products, which meets the principles of circular reproduction. In the context of the industrial
ecology program, the circular economy in China is beginning to develop (Benton & Hazel, 2015).
Today, China has a well-formed legislative framework for the circular economy, and the concepts
of environmental design and expanded responsibility of manufacturers are widely used, which
together indicates significant progress in solving this issue (UNEP, 2016).
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The process of social reproduction integrates individual reproduction processes at the level
of specific companies and industries. The introduction of the circular reproduction principles
at this level is based on the implementation of innovative business models. Such models pro-
mote the use of fewer materials and resources, extending life of existing products, and com-
pleting the product life cycle by recycling and benefiting from the remaining value of products
and materials.

In particular, circular business models that ensure sustainable economic growth include:

1. Circular deliveries: limited resources are replaced with fully renewable sources. In the world
practice, car manufacturing and the energy industry are the leaders in this sphere. The model is
based on labour-intensive and long-term scientific research and development aimed at finding
sources of providing production processes with fully recyclable or biodegradable resources. In
Russian regions, circular deliveries, in addition to the car and energy industries, can be applied
in agriculture, food production and production of packaging materials.

2. Resources recovery: use of technology innovations for recovery and reuse of resources. Its im-
plementation is most relevant at enterprises that produce large volumes of by-products and
have the ability to effectively recover and recycle waste.

3. Platforms for the exchange and shared use. The model is based on the sharing or exchange
of assets or products. It has an increased potential for implementation within the framework of
business partnerships, allows participants to interact in order to distribute fixed costs and ge-
nerate additional profits from joint operation, which increases the overall efficiency of business
as awhole.

4. Extension of the product life cycle: a model that allows companies to extend the life cycle of
their products through repairs, upgrades, renovations or refurbishments. The remanufactu-
ring industry can be formed within the Russian car industry, production of large appliances, the
aerospace industry and the military industrial sector which have the potential capacity to re-
store products based on primary production.

5. Product as a service: a model in which customers use products through a «rent» on the pay-
as-you-go basis. It serves as an alternative to buying a product through a rental or a leasing
agreement. If implemented, the manufacturer, who retains ownership of all materials and
equipment, has an incentive to create a product with a long life cycle, optimized for reuse or
disposal of its individual parts at the end of its service life. This business model can be applied
in the segment of leasing of large-tonnage and small-tonnage machines or agricultural ma-
chinery, since instead of buying an expensive product, it is more profitable for the consumer to
purchase a package of services (Pakhomova et al., 2017).

It should be noted that new technologies inherent in Industry 4.0 and the digital economy are
essential to the implementation of these business models. These include platform solutions, Big
Data, the Internet of Things, robots and artificial intelligence systems. Robotics technologies have
already been introduced in many areas of human activity. Robots are actively used to meet peo-
ple’s household and social needs, to automate production processes, to provide prompt and safe
assistance during emergencies, etc. Most often, the introduction of robotics in the reproduc-
tion process is related to its optimization, which makes it possible to reduce costs and duration
of the production cycle, improve product quality, eliminate the factor of human error, and more
(Kolmykova & Merzlyakova, 2019).

According to the definition of the International Federation of Robotics, a robot is a working
mechanism that is programmed along several axes with some degree of autonomy and is able to
move within a certain environment, performing assigned tasks (IFR World Robotics). Traditionally,
robotics is divided into the industry robotics designed to perform industrial automation tasks, and
the service robotics that fulfils useful functions for people and equipment.

The technological vector set by the fourth industrial revolution lies in the transition to ful-
ly automated production with the introduction of digital technologies and self-organizing cyber-
physical systems. Autonomous industrial robots, which are a cost-effective alternative to human la-
bour, are an important part of them and are used in an ever-expanding list of industries. Robots are
most actively used in the car industry (about 33% of the total number of installed robotic systems),
electrical engineering and electronics (32%), metalworking and mechanical engineering (12%),
plastics and chemical products (6%), food and beverages (2%) (ABI Research, 2020).

At the end of 2019, there are 2.7 million robots in the world, which is 12% higher than in 2018.
It is expected that in the period from 2020 to 2022, about 2 million units of industrial robots will be
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installed at factories around the world. New technological trends and market development will al-
low companies that are actively introducing robots to respond quickly to changing requirements.
The dynamics of sales of industrial robots worldwide is positive (Figure 1). Sales growth in 2019
was 15%, as compared to 10% in 2018. IFR World Robotics estimates that the overall industrial ro-
bot market has a favourable outlook with expected growth by 14% and 13% in 2020 and 2021, re-
spectively. This dynamics is also due to the global economic crisis associated with the COVID-19
pandemic that will stimulate digitalization and create additional opportunities for the growth of ro-
botics around the world (IFR World Robotics, 2020).

The geographical aspect of the development of the industry robotics market is shown in
Figure 2. The Asian market is still the largest and fastest growing robotics market in the world.
Its growth in 2018 was about 18%, which is primarily due to the rapid development of the Chi-
nese economy. The North and South American market is the next largest. The European market

Figure 1:
Dynamics of sales of industrial robots in the world
in 2009-2021 with forecast data (FD), thousand units
Source: IFR World Robotics (2020)

Figure 2:
Dynamics of sales of industrial robots in enlarged regions
in 2016-2021 with regard to forecast data (FD), thousand units
Source: IFR World Robotics (2020)
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occupies a slightly smaller volume. However, it surpasses the US market in terms of growth rates.
In 2019, the sales gain of industrial robots in Europe exceeded 11%, while in America the figure is
less than 6%. It should be noted that more than 70% of global sales are accounted for by 5 coun-
tries, namely China, Japan, the Republic of Korea, the US and Germany. At the same time, China
is a confident market leader. At present, every third industrial robot in the world is sold in China. In
addition to that, the country occupies a leading position in the number of installed and operating
robots, and also demonstrates a high density of robotics (97 robots per 10,000 engaged in indus-
tries) (IFR World Robotics, 2020).

The service sector robotics covers a wider range of applications, most of which have unique
designs and varying degrees of automation. Unlike the industrial robots, the service sector ro-
botics is more diverse. According to IFR World Robotics estimates, at the end of 2019, about 890
companies were producing service robots or were engaged in commercial research in this field.
Sales of professional service robots are growing. In 2019, the professional service robots market
grew by 32% (from USD 8.5 to USD 11.2 billion). The COVID-19 pandemic has not had a nega-
tive impact on the markets of most types of service robots. On the contrary, it has increased the
market for robotic disinfectants and created additional demand for robotic logistics solutions in
warehouses, factories and home delivery. The turnover of medical robotics in 2019 increased
by 28%, which is 47% of the total turnover of professional service robots. This was mainly rela-
ted to robotic surgical systems which are the most expensive type of service robots. Robotic so-
lutions are widely used in logistics, showing high growth of potential. Logistics robots make up
43% of the total number of professional service robots. In 2019, the number of robots sold in-
creased by 42%, and the turnover - by 110%. Sales of professional and personal service robots
will continue to grow, according to an IFR World Robotics forecast. If at the end of 2019 there
were 173 thousand units, then by 2023, the number of professional service robots will increase
to 537 thousand units. Similar trends are expected in the sector of personal service robots. For
example, the number of robotic devices for solving home and household tasks in 2019-2023
will increase from 18.6 to 48.6 million units, and service robots in the entertainment sector from
4.6 to 6.7 million units (IFR World Robotics, 2020).

Thus, the scale and speed of robotics spread is great, as well as the possibilities of its appli-
cation to achieve the main goal of the circular economy which lies in the most efficient and com-
prehensive use of resources. Digital technologies play an essential role and are already active-
ly used to improve solutions in the field of circular reproduction and overcome existing problems
in this area (Bressanelli et al., 2018) For example, the circular business model mentioned above
is a promising one. It is based on the sharing and leasing of products instead of selling and is
implemented with the help of digital technologies (platform solutions, professional service ro-
bots, etc.) (Bocken et al., 2016). Moreover, digital technologies can be integrated into existing
business models to increase the visual aspects and descriptiveness of production results using
robotic sensors that provide information about assets, their location, condition and availability
(Antikainen et al., 2018). As a result, manufacturers will be able to track, analyze, control and op-
timize product characteristics throughout the entire service life, collecting information about the
use of materials and components, which will increase the efficiency of reverse logistics and give
goods, their materials and components a second life (Salmela & Happonen, 2009).

Artificial intelligence and robotic solutions provide automatic and remote monitoring of produc-
tion process efficiency. The technologies improve the mass analysis of information about the pro-
cesses of production, use and disposal of products. Furthermore, the introduction of digital tech-
nologies reduces waste, extends the life of products and minimizes transaction costs, which in-
creases the efficiency of production processes in general and accelerates the formation of circular
business models (Ghoreishi & Happonen, 2020). The convergence of circular economy business
models and Industry 4.0 technologies increases the level of sustainability, giving business a new
perspective on production and consumption and providing additional incentives for companies.

6. Conclusions

Digital economy and Industry 4.0 technologies are among the key solutions in accelerating the
transition to the circular reproduction and increasing the sustainability of economic growth. At the
same time, the robotic circular reproduction is a new, promising and rapidly developing area that
attracts a lot of attention from businesses, governments and researchers. The problems of circu-
lar ecosystems, searching for the place and role of robotics and artificial intelligence at different
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stages of circular reproduction with regard to the industry specifics should be covered in future
scientific research. In addition to that, a clear plan to introduce the robotic circular production prin-
ciples is needed, including key events, their deadlines, responsible performers and coordinators.

Taking into account the world experience in the application of robotic circular reproduction
technology, we can already identify three key areas in terms of the introduction of these principles
on the territory of the Russian Federation:

+ improving processes of secondary use of products, component restoring and recycling of ma-
terials based on the introduction of robots and artificial intelligence systems that close the pro-
duction cycle and perfect the infrastructure of reverse logistics;

+ expansion of innovative circular business models with the use of robotics and artificial intelli-
gence in terms of collecting and managing information in real time, taking into account histori-
cal data about users and products;

- designing and developing products, components and materials that comply with the principles
of a circular economy.

The consequences of such transformations determine tangible benefits for society and busi-
nesses. In particular, they consist in optimizing waste management; reducing air, soil and water
pollution; introducing more innovative and efficient ways of production and consumption; pro-
tecting businesses from resource shortages, volatile prices, etc. Thus, the introduction and fur-
ther development of robotic circular reproduction will make the national economy more stable and
competitive.
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