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Belarus in the Context of Global Nanotechnology Market
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Nanotechnology is an influential tool for solving global problems and a key component of sustainable development strategies
for countries. Scientists consider nanotechnology to be the technology of the future, noting its limitless possibilities and the uniqueness
of the created nanocoatings, materials and structures. Nanotechnology is widely represented in all industries, including biotechnology,
drug delivery, wound healing, tissue engineering, microelectronics, environmental protection, energy harvesting and storage
and others.

Currently, the development of the nanoindustry is recognized as a key factor in increasing the country’s competitiveness
in the international arena. In this regard, it is relevant to analyze the global nanotechnology market, areas of their commercialization,
as well as to determine the place and role of the Republic of Belarus in the nanoindustry.

The purpose of the study is to analyze and evaluate the development of the nanotechnology sphere in the Republic of Belarus,
identify its main problems and features, development trends, and create recommendations for its improvement.

Material and methods. For the article a comprehensive strategy of searching for statistical data and literature
on the research topic was used through various online resources including Google Scholar, Web of Science, Springer, websites
of foreign and national nanotechnology organizations. The author used general scientific and special methods: comparison, analysis
and synthesis and graphical models.

Findings and their discussion. The study showed that global investments in nanotechnology market in 2020 was $1.76 billion
and is projected to reach $33.63 billion by 2030, registering a compound annual growth rate of 36.4% from 2021 to 2030. It s expected
that The Europe Nanotechnology Market would grow for 32.0% CAGR from 2023 to 2030.

An analysis of the largest players in the global nanotechnology market showed that on average, investment in developments ranges
from $250,000 to $30 billion, depending on the size of the company and the number of developments. The largest number of nanosector
companies are concentrated in the United States, United Kingdom, France, Japan and India, with the main areas of investment
in nanotechnology being the production of carbon and graphene nanotubes.

The Belarusian nanotechnology market is currently at the initial stage of its development and has a number of problems.
1t is characterized by a small number of nanotechnology developments, the prevalence of technologies, product ideas and prototypes
over ready-made versions of serial production, predominantly state financing, closed information on the size, directions and participants
in the financing of nanoprojects, underdeveloped communication between the main agents of commercialization of nanotechnology.

Conclusion. Based on the conducted research, the main problems and features of the development of the nanotechnology sphere
in the Republic of Belarus were identified. A number of recommendations were proposed to strengthen the ties between the main
agents of the nanotechnology market, as well as to create a favorable information, investment and production climate for the further
development of nanotechnology in the country.

Key words: nanoindustry, nanotechnology, nanoproducts, nanosector, nanotechnolohy market, commercialization
of nanotechnology.

Benapycb B KOHTEKCTe rn106asibHOro pbiHKa HAHOTEXHOJIOrUiA

Ademnpgosa M.A.
YupexgaeHune o6pa3oBaHna «BUTebCKni rocyaapCTBEHHbIN TEXHONOrMYECKN YHUBEPCUTET»

Harnomexnonoeuu A61510Mcs 1UAMENLHbIM UHCHPYMEHIMOM peuleHus 2100a1bHbIX NPODIeM U KII0UeblM KOMNOHEHMOM cmpame-
2ull YCmMou4ugo20 pazeumus Cmpan. Yuenvie cuumaiom HAHOMeXHOI02uU mexHonozueti 0yoyuezo, ommeuasn ee He3epanuynvle 603-
MOJNCHOCIU U YHUKATBHOCMb CO30A8AEMbIX HAHONOKPLIMUL, Mamepuanos u cmpykmyp. Hanomexunonoeuu wiupoxo npedcmagienvl
60 6CEX OMPACTAX NPOMBIULIEHHOCHU, 8KIIOUASL OUOMEXHON02UU, DOCMABKY NeKAPCME, NeYeHUs PAH, MKAHE8YI0 UHMHCEHePUIo,
MUKPOIIEKMPOHUKY, 3Auunty oKpysxcaiowjeli cpeowl, cOop u Xxpanenue suepeuu u opyaue.

B nacmoswee epems pazeumue cghepvl HAHOUHOYCIMPULU NPUSHAHHO KIIOUEBbIM (DAKMOPOM NOBIUEHUS KOHKYPEHMOCHOCOOHOCIU
CMpanvl Ha MeHCOYHAPOOHOU apeHe, 8 C:A3U ¢ YeM AKMYATbHbIM AETIAEMCA AHAIU3 2100ATbHO20 PLIHKA HAHOMEXHONO02UI, HANPABIeHUl
Ux Kommepyuanuzayuy, a maxxice onpeoenenue mecma u poau Pecnybauku Benapycs na mupogotl apene 6 Konmekcme uHOyCMpuai-
3ayuu HaHOMexXHONO2Ull.

Lenb uccnedosanus — ananus u oyeHka pazeumus cepvl Hanomexuonoauti 6 Pecnybnuke benapycs, evisenenue ee 0CHO8HbIX NPo-
O1em u ocobennocmell, meHOEHYUll pazeumiisl, paspadomra peKomeHOayuil no ee YayuueHuo.

Mamepuan u memoowl. [Ipu nanucanuu cmamvy UCHOAL306ANACH KOMILEKCHAA CIMpame2us NOUCKA CIAamucmuyeckux OaHHbIX U
JUmepamypul N0 BONPOCAM UCCLE008ANUSL Yepe3 pasiuiHble oHaAatn-ucmoynuku, exaodas Google Scholar, Web of Science, Springer,
caiimol 3apy0extCcHbIX U HAYUOHAILHBIX HAHOMEXHON0SUUECKUX OpeaHu3ayuil. ABMopom npuUMeHAIUCs 00UWeHay Hble U CneyudIbHble
Memoobl: CpasHeHue, AHANU3 U CUHME3, CIMAMUCIUYECKUL U SPAPUYECKUl.

Pezynomamut u ux oocyycoenue. Vccieoosanue nokazano, 4mo mMuposvie uHeeCmuyuu 8 pulHoxk Hanomexuonoauti ¢ 2020 200y
cocmasuau 1,76 mapo donnapoe CLLA u, no npoenosam, docmuerym 33,63 mapo oonnapos CLUA k 2030 200y, umo coomeemcmesyem
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COBOKYNHOMY 200060MYy memny pocma 6 36,4% 6 nepuoo ¢ 2021 no 2030 200. Oacudaemcsi, umo e8poneticKull pblHOK HAHOMEXHOL02ULL
oyoem pacmu Ha 32,0% 6 200 6 nepuoo ¢ 2023 no 2030 200.

IIpogedennviii ananus naubonee Kpynuvix UePOKO8 HA 210OANLHOM PbIHKe HAHOMEXHONO2ULl NOKA3A, YMO 6 CPeOHeM pasmepul
uneecmuyuii 6 paspabomru eapvupyromes om 250 moic. 0onn. 0o 30 6unn. 0onn. 6 3a8UCUMOCIU OM pazmepa KOMNAHUY U YUCTA HA-
npaenenutl pazpabomok. Haubonvuiee uucno komnanuii Hanocekmopa cocpeoomouero ¢ CILIA, Benuxobpumanuu, @panyuu, Anonuu
u Unouu, npu smom ocHosHbIMU chepami UHBECMUPOBAHUSL 8 HAHOMEXHON02UU AGNSAIOMCI NPOUZBOOCMEBO YeNePOOHbIX U 2PAPEHOBbIX
HAHOBONOKOH, NPOU3BOOCHIBO BOOHBIX U BO30VUIHBIX (PUTLINPOS U CENnapamopos, HaHONOIYNPOBOOHUKOS, CO30AHUEe PAPMAYE6MUYECKUX
HaHOMamepuanos u HaHONEKAPCMe, NPOU3B00CMBO MEOUYUHCKUX U OUOMEOUYUHCKUX HAHOMAMEPUALO8, HAHOBONOKOH U HAHONOKPbI-
muil, co30anue dHepeoIPHeKMusHbIX HAHOMAMEPUAI08. YCmManosIeHo, 4mo 6e1opyccKull PolHOK HAHOMEXHON02UL 8 HACMOAWUL MO-
MEHM HAX0OUMCs HA HAYATLHOM dMane c60e20 pa3gumus u umeem pso ocobennocmeti u npoonem. J{iisa ne2o Xapakmepho neboabuLoe
KOMUYeCme0M HAHOMEXHONO2UUHBIX pA3pabomok, npeeaiuposanue mexuoio2utl, uoeti npooyKma u OnbImHbIX 00pa3yo8 Haod 20Mmo-
BbIMU 6APUAHMAMU CEPULIHO20 NPOU3BOOCIBA, NPEUMYWECMBEHHO 20CY0aPCMEEHHOe PUHAHCUPOBANUE, 3AKPLIMOCHb UHGOpMayUU
0 pasmepax, HanpagIeHUsax u YuacmHuKkax QUHAHCUPOBAHUs HAHONPOEKMO8, MALOPA3BUMOCHTb CEA3U MENCOY OCHOBHBIMU A2EHMAMU
KOMMepYUanu3ayu HaHOmexHoa02ui.

3axntouenue. Ha ocnosanuu npogedennozo ucciedosanus 6bisigielbl OCHOGHbIe NPodIemMbl U 0COOEHHOCIU pa3sumus cgepul
nanomexnonozuil 8 Pecnybnuxe benapycw, npednodicen pso pekomenoayuii 0is YKpenieHus Céa3ell Meicoy 0CHOGHbIMU A2eHMAMU PblH-
KA HAHOMEXHONO2Ull, A MaKdice co30anusi O1a2ONPUAMHO20 UHPOPMAYUOHHO20, UHBECTIUYUOHHO2O U NPOU3BOOCIBEHHO20 KAUMAMA
07151 danvhetiue2o pazeumus HAHOMEXHOI02UIL 8 CIMpaHe.

Knrouesvie cnosa: nanoundycmpus, HanoOMexHono2uu, HAaHONPOOYKMbl, HAHOCEKMOP, PbIHOK HAHOMEXHONO2UIl, KOMMePYUAnUu3a-

yust HAHOMEXHON02UU.

A high level of economic development is possible
with sustainable scientific and technological progress,
which is related to such industries as agriculture,
healthcare, food production, energy, etc. Differences
in technological capabilities underlie differences
in economic development across regions and
countries. Governments around the world spend vast
sums to support research and development to create
technological competitiveness. The conventional view
of technological change is of long-term technological
cycles, each arising from a revolutionary new
scientific advance. Nanotechnology has now become
an influential tool for solving global problems and
a component of sustainable development strategies
for countries.

By creating nanoscale objects, materials
and structures, scientists have made it possible
to find new opportunities for the development
of various industries and fields of knowledge [1].
The nanoindustry is one of the priority areas
of economic development in countries, which
proves the relevance of research on this topic.
Nowadays, scientists consider nanotechnology
to be the technology of the future, noting its limitless
possibilities and the uniqueness of the created
nanocoatings, materials and structures [2; 3].

A new scientific field of science in the form
of nanotechnology was created because it was
observed that materials, products, and devices
developed from nanoscale particles almost always
exhibit properties different from those of large-
scale bulk materials [2; 4; 5]. Nanofibrous materials
are known to be of great significance for a variety
of applications including biotechnology, drug

delivery, wound healing, tissue engineering,
microelectronics, environmental protection, energy
harvesting and storage and other applications [6].

An important aspect of the development
of nanotechnology and its industrialization
is the need for commercialization of technologies
[7; 8]. The nanoindustry offers a wide range
of advantages of the proposed products and
technologies for improving various spheres
of life of the population — economic, social,
environmental, etc., but only if these developments
are commercialized and deployed at a large scale,
taking into consideration the intellectual property
protection, finding target markets and financial
resources.

The purpose of the article is to analyze and
evaluate the development of the nanotechnology
sphere in the Republic of Belarus, identify its
main problems and features, development trends
and develop recommendations for its improvement.

Material and methods. For the article
a comprehensive strategy of searching for statistical
data and literature on the research topic was used
through various online resources including Google
Scholar, Web of Science, Springer, websites
of foreign and national = nanotechnology
organizations. The author used general scientific and
special methods: comparison, analysis and synthesis
and graphical models.

Findings and their discussion. The analysis
of the Global Nanotechnology Market size [9] states
that global investments in nanotechnology market
in 2020 was $1.76 billion and is projected to reach $33.63
billion by 2030, registering a compound annual growth
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rate (CAGR) of 36.4% from 2021 to 2030. It’s expected
that The Europe Nanotechnology Market would grow
for 32.0% CAGR from 2023 to 2030 (figure 1).
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Figure 1 — Nanotechnology services global market
report 2024
Footnote. [9].

Statistical data, collected by [9] shows
the increasement of spendings on nanotechnology
market, especially in the segment of healthcare.
In the United Kingdom total current healthcare
expenditures in the in 2020 amounted to £257.6
billion, or £3,840 per person. The increased

investment in healthcare has created opportunities
to develop innovative nanotechnology-based
solutions to improve patient care, diagnostics,
and treatment. The Germany market dominated
the Europe Nanotechnology Market, By Country in 2022,
and would continue to be a dominant market till 2030;
thereby, achieving a market value of $2,014.4 million by
2030. The UK market is experiencing a CAGR of 30.9%
from 2023 to 2030. The France market would exhibit
a CAGR of 33% from 2023 to 2030 [9].

Developing countries are still lagging behind
because they are unable to match the industrial
progress of the previous decade, primarily due
to the lack of accumulated financial, industrial
and scientific-methodological assets. However,
experts from the scientific communities of both
developed and developing countries recognize
the fact that nanotechnology will become the next
step in the technological generation [10].

The Europe Nanotechnology Market Size,
Share & Industry Trends Analysis Report 2023—
2030 [9] presents the list of the main commercial
global organizations involved in the development
and commercialization of nanotechnology. We have
collected information on the types of nanotechnology
projects and innovations they invest, as well as the size
of these investments (table 1).

Table 1 — Commercialized nanotechnology innovations by global companies, 2024

Ne Company

Nanotechnology innovations

Money spent, 2024

1. AdvanceTEC LLC (USA)

graphene.

Carbon nanotube and graphene production.
Smart glass with liquid nanocrystals.
Innovative batteries with carbon nanotubes and

Glass nanofibers (Kevlar) and carbon nanofibers.
Unbreakable glass with graphene.

Solar cell panels with carbon nanotubes and graphene.
Bulletproof glass without lamination.

Self-healing glass.

Batteries that don’t require recharging for five years

$70 millions

2. | Abbie Gregg Inc. (USA)

Nanosemiconductor production.
Nano- and microelectronics production.
Airflow nanofilters

$30 billions

3. BREC Solutions Limited
(UK, France, Poland)

Nanobubbles

Nano advisory sensors.

Nanomaterials and supplier selection.

Hydrogen Storage materials.

Thermal analysis nanodevices.

Green chemistry nanotechnologies.

Natural nanomaterials for pharma and cosmetics.

No open information

4. Cambridge Innovation
Consulting Limited (UK, USA)

Nanomaterials for seed treatments.
Nano-cellulose-based synthetic leather

$250 million
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Ike Scientific Corporation
(USA)

Nanoherbicides and nanofertilizers.
Temperature-responsive and enzyme-degradable
nanoparticles for localization of diseased tissues.
Hernia nanomeshes.

Lensless imaging nanodevices

No open information

Innovationsgesellscaft mbH
(Switzerland)

Piezoelectric nanoparticles for polyfluorinated alkyl
breakage.

Nanostructures for bendable screen production.
Cinnamon-based nanokiller antimicrobial technology

No open information

Intelligent Enclosures Inc.
(USA)

Micro- and nanoelectronic devices.
Airflow nanofilters.
Nanosemiconductors

$250 thousands

Kilopico LLC (Iran)

Energy saving nanodevices

$8 million

NanotechPlus LLC (USA)

Nanopharmaceuticals.
Nanomaterials for energy storage.
Nanomaterials for transportation.
Nanomaterials for construction.
Marine nanomaterials.

Aerospace nanomaterials.
Nanocoating.

Nanosensors.

Nanooptics

No open information

10.

Porter Wright Morris &
Arthur LLP (USA)

Production of nanoscale materials: quantum dots,
nanoscale silver, silver ions, nanoscale gold,
carbon nanotubes, fullerenes, nanofibers, graphene,
nanocomposites, nanoalloys, nanoscale titanium,
nanoscale zinc, nanoscale aluminum, cerium oxide,
iron oxide.

Nanoscale electronic devices.

Nanoemulsions for medicine.

Nanodrugs.

Medical devices with nanoscale features

No open information

11.

Research Facilities Design
Inc. (USA)

Nanobiomedecine.
Cleanroom nanoequipment.
Nanotechnologies in agriculture

$210 millions

12.

Yole Developpement SA
(France)

Nanosemiconductors

$25 millions

13.

Nanonics Imaging Ltd.
(Israel)

Lensed and tapered nanofibers.
Nanolithography.

Carbon nanotubes.

Graphene.

Photonics.
Nanosemiconductors

No open information

14.

DuPont de Nemours Inc.
(USA,  Australia, China,
Hong Kong, India, Indonesia,
Japan, South Korea, Malaysia,
Phillipines, Taiwan, Thailand,
Vietnam, Belgium, Czech
Republic, France, Germany,
Greece, Hungary, Ireland,
Italy, Luxembourg, Pakistan,
Poland, Saudi Arabia, Spain,
Switzerland, = Turkey, UK,
Egypt, Kenya, Morocco, South
Africa, Brazil, Costa rica)

Nanofilters.

Nanosepatators.

Nanotechnologies for advanced construction.
Nanotechnologies for energy efficiency.
Nano-multi-materials.
Nanobiopharmaceuticals

$12.1 billions
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Ltd., (USA, Japan, India)

Hydroxide-derived Cu nanoelectrocatalysts.

15. | Arkema S.A. (France, Carbon nanotubes. 12 billion euro
Algeria, Spain, Brazil, Thermoplastic nanocomposites.
Mumbai, Saudi Arabia, Technical fluids.
Malaysia, South Korea, Specialty nanoscale polyamides.
United Arab Emirates, India, | Specialty nanoscale acrylates & crosslinkers.
Teheran, Turkey, Thailand, Specialty nanoscale oleochemicals.
Greece, Bangalore, Jakarta, Nanoscale thiochemicals.
Egypt, Singapore, Indonesia) | Nanoscale organic peroxides.
Nanoscale electroactive polymers
16. | Hummingbird Scientific Pvt | Triangular indium nanoplates. $8.1 millions

Nano-manipulators.

Nanocatalysts.
Nanomotors.
Nanoparticle films.
Nanocrystals.

Nanorods

Metal-insulator-metal nanocapacitors.

Nanostructured matrixes.

17. | Actnano Inc. (USA, China,
Germany, India, Japan,
Mexico, Singapore, South
Korea, Taiwan, Vietnam)

Nanomedical device

Advanced nanocoati

Anti-fog technology

Waterproof nanocoatings.

Nanoinverters & Solar.
Integrated Battery & Solar Charging Systems.

Advanced nanohydrophobic coatings.

$40 millions
S.

ng technologies.

Footnote. Created by author.

According to the Europe Nanotechnology Market
Size, Share & Industry Trends Analysis Report
2023 — 2030 [9], companies such as EMC Service
Inc. (USA), Foley & Lardner LLP (USA, Mexico,
Belgium, China, Japan), HDR Inc. (USA, Germany,
Australia), M+W Group GmbH (Germany), Malsch
TechnoValuation GmbH (Netherlands), NanoTEN
LLC (USA), The Microscopy & Imaging Place
Inc. (USA), DUST Identity Inc. (USA), Voyant
Photonics Inc. (USA), It’s Nanoed Inc. (USA),
LakeHawk Technologies Inc. (USA), eLux Medical
Inc. (USA), 4wave Inc. (USA) are also engaged
in the commercialization of innovations in the field
ofnanotechnology. However, they do not publish open
information about research areas or funding volumes,
and therefore were excluded from the analysis
of the commercialized nanotechnology market.

The size of investments in nanosector developments
varies from $250,000 to $30 billion, depending
on the size of the company and the number
of development areas. The largest number of nanosector
companies are concentrated in the USA (23), United
Kingdom (4), France (4), Japan (4), and India (4).

The main areas of investment in nanotechnology
are production of:

1. carbon nanotubes and nanofibers

2. graphene

3. water and air nanofilters and nanoseparators

4. nanosemiconductors

5. nanomaterials for pharma (nanodrugs,
nanopharmaceuticals)

6. medical and biomedical nanomaterials

7. energy efficiency nanomaterials.

In the Republic of Belarus, the development
of the nanotechnology sphere is one of the priority
areas of the country's development. Developments
are focused mainly in the public sector, in educational
programs from leading universities and technology
parks, as well as the Republican Association
of Nanoindustry. The nanotechnology sphere
isdescribed inthe Comprehensive Forecast of Scientific
and Technological Development of the Republic
of Belarus, the Strategy for Sustainable Socioeconomic
Development and other state strategies and documents.
There is no global analysis of the nanotechnology
sphere and the number of commercialized projects
in this area in the Republic of Belarus.

According to the results of the comprehensive
forecast of scientific and technological progress
(CFSP) of the Republic of Belarus for 2021—
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Table 2 — Nanotechnology in the Republic of Belarus

’

Ne Industry

Global total market capacity,
trillion US dollars

Number of nanotechnology projects

Organic agricultural and food products
based on domestic raw materials

Total number: 1,
where:
— prototype — 1.

10,98

2. | Autonomous electric transport

Total number: 1,
where:
— prototype — 1.

48,38

3. | High-tech medical equipment

Total number: 3,
where:

idea, concept — 1;

— prototype — 1;

— technology — 1.

9,33

4. | Industrial collaborative robots

Total number: 5,
where:
— idea, concept — 2;
— technology — 1;
—ready for serial production — 2.

10,43

Innovative structural materials with
specified properties

Total number: 5,
where:
— idea, concept — 2;
— prototype — 4;
— technology — 4;
—ready for serial production — 4.

32,53

Footnote. Created by the author based on [11].

2025 and for the period up to 2040, a list
of promising technologies, goods and services related
to the nanoindustry was identified. Each technology,
product and service was given a rating, determined
by the degree of readiness for production
in the Republic of Belarus and serving as a guideline
for determining the priority of organizing their
production or development.

Table 2 provides information on the areas
of industry with nanotechnology projects and
solutions in the Republic of Belarus.

The Belarusian nanotechnology market is at
the stage of its development, its main trends
are a small number of nanotechnology projects,
the prevalence of promising technologies, product
ideas and prototypes over ready-made versions
of serial production, the share of which in the total
volume of projects is 23% (figure 2).

The analysis showed that the investment areas
of the Belarusian nanotechnology market correspond
to the trends of the global market. However, unlike
the global world nanotechnology market, collecting
information on the nature and size of investments
in the nanosector in the Republic of Belarus is difficult.
The main reasons for these difficulties, in addition to the

idea, concept
ready for serial 15%
production
23%

prototype
27%

technology
35%

Figure 2 — Structure of nanotechnological
developments in the Republic of Belarus

underdevelopment of the nanotechnology sector, are:

— most of the projects under state funding within
the framework of state scientific research programs
are at the stage of scientific development and are not
commercialized;
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— a number of completed projects are
currently looking for investors and have not been
commercialized;

—individual developments and nanotechnological
innovations have been commercialized by private
companies that do not publish open information on
the size and areas of investment (JSC Integral, OJSC
Optoelectronic Systems, RUP Belmikronaliz, LLC
Essentoptiks and others).

The Belarusian nanotechnology market is currently
facing typical problems of nanoindustry sector
development, the most significant of which are:

—lack of material and technical base of enterprises;

— lack of opportunities or desire of enterprises
to invest in risky or little-known technologies that
have not yet established themselves in the market;

— lack of qualified personnel capable of mastering
technologies and equipment;

— lack of effective developments in the field
of activity of enterprises interested in innovations;

— lack of information among enterprises about
innovative developments;

— lack of access to resources and technologies
required for the production of innovative products,
or difficult access to them.

All the above-described problems are insoluble
without the creation of a comprehensive approach
to recommendations for the development of the
nanotechnology sector in the country and their
successful commercialization.

The Belarusian nanotechnology market is at the initial
stage of'its development. It is characterized by a relatively
small number of nanotechnology developments,
prevalence of technologies, product ideas and prototypes
over ready-made versions of serial production, and is also
mainly financed by the state. Its distinctive features are
the closed information on the size, directions
and  participants of  nanoproject financing,
underdeveloped communication between research
centers and universities for conducting joint research,
underdeveloped communication between the main
agents of commercialization of nanotechnology
(suppliers and consumers of nanotechnology). All
these problems significantly hinder the development
of the nanotechnology sector in the country, since
they lead to the dispersion of scientific research
and improper spending of state funding, low presence
of private investment in innovative nanoprojects, and
adecreaseinthecommercializationpotentialoftheresulting
developments. All this negatively affects the country's
development potential, since nanotechnology is one
of its key vectors, and slows down the formation of strong
competitive advantages in the international arena.

In this regard, a list of recommendations
was proposed to improve the development
of the nanosector in the Republic of Belarus:

—expansion of the material, technical and scientific
base of universities, laboratories and enterprises;

— the formation of knowledge-intensive clusters
“university-laboratory”,  “laboratory-production”,
which in the long term will be able to influence
the acceleration of the introduction of theoretical
and scientifically proven innovations into production;

—creation of a system of information exchange and
feedback “developer-manufacturer”, “manufacturer-
consumer”’;

— targeted financing of the most relevant areas
for the development of the country’s economy,
organization of joint developments and projects
for research centers and universities to level out
the dispersion of efforts and create a synergistic effect;

— organization of nano-exhibitions to strengthen
the connection between suppliers of nanotechnology
(universities and research centers) and their
consumers (enterprises of the country and the general
public);

— organization of centralized assistance
in the creation and distribution of advertising
documentation on developments carried out
in universities and research centers;

— creation of a common database of universities
and research centers with the described areas
of nanodevelopment they are conducting, a database
of enterprises in the country interested in investment
projects in the nanosector, as well as private investors;

— strengthening the training of personnel for the
nanosector — scientists, technologists and specialists
in the production of specific nanomaterials
and structures capable of mastering technologically
complex equipment;

— conducting active coverage of scientific
developments and achievements in the media
in order to inform the public about the features
of nanoproducts and technologies and to form
a favorable image of them.

Also no less important is the factor of interaction
with government agencies. It can become a key factor
in the development of the nanoindustry by working
in the following areas:

— simplification of the patenting procedure
for innovative technologies, goods and services;
acceleration of the procedure for reviewing
applications for patenting nanotechnological products
and technologies, reduction of patent fees;

— creation of a preferential tax system
for nanotechnological and innovative production;
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— state support for scientific research in the field
of nanotechnology by providing monetary funding
through a system of grants and state programs
for scientific research, holding competitions
for scientific projects, creating a common database
of science-intensive start-ups, etc.

The proposed set of measures will be able
to significantly influence the development
of the nanoindustry in the Republic of Belarus,
strengthen its position in the international arena
and ensure long-term competitive advantages.

Conclusion. There are more than 38
large commercial organizations on the global
nanotechnology market, with investment
in nanosector developments ranging from $250,000
to $30 billion depending on the size of the company
and the number of nanoprojects. The largest number
ofnanotechnology companies are located in the United
States, United Kingdom, France, Japan, and India.
The main areas of investment in nanotechnology are
the production of carbon nanotubes and nanofibers.

The Belarusian nanotechnology market is at
the initial stage of its development. Its main features
are a relatively small number of developments,
prevalence of technologies, product ideas and
prototypes over ready-made versions of serial
production, mainly state financing. The main areas
of financing correspond to global trends. Access
to information on the size, directions and participants
in the financing of nanoprojects in the country
is practically closed. The connections between
the main agents of the nanotechnology market —
research centers, universities, enterprises and
consumers of nanoproducts — are poorly developed.
A list of recommendations has been developed
based on the described problems. The proposed
recommendations are focused on strengthening
the connections between the main agents of the
nanotechnology market, while the key role is played

!l.

by the creation of a favorable information, investment
and production climate for the further development
of nanotechnology in the country. In the future, this will
improve not only the state of the nanotechnology sphere
in the country, but will also contribute to strengthening
its position in the international arena.
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