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«Nanotechnologies in Construction» is a peer-reviewed journal.

The main aim of the Journal is to provide information support for the process of invention and practical application of sci-
ence intensive technologies (mostly nanotechnological products) in construction, communal and housing services, joint areas
(industry, power et al.).

The main tasks:

«  Providing scientists and specialists from different countries with the opportunity to publish the results of their research and
receive information about modern technologies and materials, high-performance equipment in construction, communal and
housing services, joint areas (industry, power et al.).

- To provide information support and participate in the events (forums, conferences, symposia, workshops, exhibitions,round
tables etc) devoted to nanoindustry and problems of application of nanoindustry in construction and housing and communal
services, which are perspective and of great importance.

The Journal has been published since 2009. Frequency: bimonthly.

These are the topics of the papers published in the journal: creation of new functional materials; nanostructured systems
strength and penetrability formation theory development; the problems of nanomaterials and nanotechnologies implementation
in construction and building materials; diagnostics of building systems nanostructures and nanomaterials; technologies aimed
at studying nanomaterial properties; technological principles of nanostructures creation (liquid melts, sol and gel synthesis). The
topics may be different, directly or indirectly related to the areas mentioned above.

The journal can also publish: original papers; reviews; discussing materials, comments, other information materials.
The language of publication: English; Russian.

The edition’s readers and authors are:

« students, lecturers, post-graduates and people working for doctor’s degree;

« scientists and specialists of research institutes and nanotechnological centers;

« heads and specialists of the institutions, organizations and factories from the sphere of construction and housing and com-
munal services;

+  scientists and specialists of the industries which are adjacent to construction;

« experts of the enterprise-producers manufacturing nanoindustrial output.
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HAHOTEXHOJIOTMWX B CTPOUTENbCTBE: HAYYHbIN MHTEPHET-XKYPHA
NANOTECHNOLOGIES IN CONSTRUCTION
NANOTEKHNOLOGIIV STROITEL'STVE ISSN 2075-8545 (online)

«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.

OCHOBHOI1 LieNblo XXypHana ABnsaeTcA MHGpopMaLMOHHOe obecrneyeHne NpoLecca CO3faHNA U BHeAPEeHUA B Mpe HayKo-
eMKUX TEXHONOruiA (Mpexae BCero — HAHOTEXHOOMMYECKON NPOAYKLMM) B 0611aCTU CTPOUTENBCTBA, XKUMLLHO-KOMMYHaNbHOTO
X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).

OcHOBHbIe 3apaun:

« [pepocTaBreHrie yyeHbIM 1 CreumnannucTam 13 pasHblX CTpaH BO3MOXHOCTM Ny6MKoBaTb pe3ynbTaTbl CBOMX UCCIefoBaHUI
1 nosyyatb MHGOPMALIMIO O COBPEMEHHbBIX TEXHONOMMAX 1 MaTepurarax, BbiIcokoaddeKTrBHOM 060pyaoBaHMY B 0611acT CTPO-
UTENbCTBA, XUINLLHO-KOMMYHASIbHOTO XO3ANCTBA, CMEXHbIX OTpacsiel (MPOMbILLIEHHOCTH, SHEPreTUKN 1 Ap.).

+  WHdbopmaumoHHaa noanepKKa 1 yyactme B MeponpuaTuax (bopymax, KoHbepeHUraAxX, CUMNo3uyMax, CEeMUHapax, BbiCTaBKax,
KpYrblX CTONax U T.4.) 0 HAHOVHAYCTPUU U NPUKNAAHbIM BOMPOCaM HAHOTEXHONOTMIA B 061aCTV CTPOUTENBCTBA U XKUSULLLHO-
KOMMYHaNbHOTO X03ACTBa, UMeIOLMX akTyanbHOe 1 NepCcrneKTUBHOE NPaKTUYeckoe 3HaueHve.

MKypHan nspaetca c 2009 ropa. NeprnoanYHOCTb — 6 HOMEPOB B rop,.

B »KypHane ny6nukyioTca paboTbl No cnegylowmm TeMam: Co3aHne HOBbIX GYHKLMOHAMNbHbBIX MaTepPUanoBs; pa3paboTka Teo-
pun GOPMMPOBAHUA MPOYHOCTU Y HEMPOHMLLAEMOCTY HaHOCTPYKTYPUPOBAHHbBIX CUCTEM; NPO6NIEMbl MPYMEHEHUSE HAHOMaTEPU-
arnoB 1 HAHOTEXHONOIMI B CTPOUTENbCTBE U CTPOUTENbHBIX MaTepuanax; AMarHoCTkKa HaHOCTPYKTYP 1 HAHOMAaTepuanoB CTpou-
TeJIbHbIX CUCTEM; TEXHOOMM UCCNIeAOBaHNA CBOMCTB HAHOMATEPUANOB; TEXHONIOTMYECKME NMPUHLMIbBI CO3LaHUSA HAHOCTPYKTYP
(pacnnaBbl, 30Mb-reneBbivi CUHTE3 1 Ap.). TeMaTnKa cTaTeil MOXeT ObITb MHO, NPSIMO UM KOCBEHHO CBA3AHHOW C NepeYnCieHHbIMA
HanpaBneHNAMM.

KypHan npuHMMaeT K ny6aMKaummn: oprriHanbHble cTaTbi; 0630pbl; GUCKYCCUOHHBIE MAaTePUasbl, KOMMEHTApPUK, Apyrue nH-
dopmauroHHble MaTepuanbi.

A3bIK 3gaHMA: PyCCKNN; aHINNCKAIA.

ABTOpamu 1 YUTATENAMMN N3JAHUA ABNAIOTCA:

+  CTyHeHTbl, NpenogaBaTteny, aCnupaHTbl U JOKTOPaHTbl BY30B;

+  yueHble 1 CNeumnanucTbl HayYHO-1CCNef0BaTENbCKNX MHCTUTYTOB U HAHOTEXHONMOTMYECKNX LIEHTPOB;

«  PYKOBOAWTENU U CMELUanunCcTbl yYpexaeHunin, opraHmaumin u NnpeanpuaTuii CTPOUTENbHOIO KOMIIEKCA U >KUTULLHO-KOMMY-
HaJIbHOrO XO3ANCTBA;

+  yueHble 1 CNeLmnanucTbl CMeXHbIX CO CTPOUTENIbCTBOM OTpacsielt;

«  3KcnepTbl GUPM-Npon3BoAUTENeit NPOAYKLMN HAHOUHAYCTPUN.
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ABSTRACT: The review analyzes the state of the nanocoating market, shows main types of nanocoatings, as well as drivers and
barriers to their development and application. Modern progress in the field of nanotechnology allows us to attribute nanocoating
to high performance materials, the structure and properties of which can be “designed” according to specific functional criteria and
the level of environmental impact. They present unique remarkable characteristics compared to conventional coating materials in
construction industry. The government’s grandiose plans to commission new housing and road infrastructure, as well as ambitious
projects to develop the Arctic and ensure national security, should lead to the growth of the industry as a whole, as well as to an
increase in demand for more efficient, innovative building materials, including nanocoatings and nanopaints.
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INTRODUCTION

he industry of building materials and construction,

despite of their obviously conservative character,
quite often has to face so-called “industrial revolu-
tion of the XXI century”. New trends, new methods
of experiments and researches are becoming perspec-
tive foundation for creation of high-tech products and
processes characterized by guaranteed reliability index,
developing principles of manufacturing up-to-date
“supermaterials” and are marking the start of the sixth
technological wave [1].

Along documents of the International Union of Labo-
ratories and Experts in Construction Materials, Systems
and Structures (RILEM) developed by TC 197-NCM,
a special place among high-tech products is occupied by
functional coatings, which increase material properties
manifold, for example, their optical and thermal proper-
ties, durability, wearing capacity, resistance to different
exposures, provide self-cleaning and prevent walls from
being painted, etc. [2].

According to the standard 1SO 4618:2014 [3], the term
“coating” means layer formed from a single or multiple
application of a coating material to a substrate. Coating

© Falikman V.R., 2021

material is a product in liquid, paste or powder state which
when being applied on substrate forms a layer possessing
protective, decorative and/or other specific properties.
At this, “nanocoating” can be determined as a coating
which either possesses nanosize thickness or contains as
second phase of nanosize particles which are dispersed
in matrix, or it is a coating with nanosize grains/phases
etc. [4].

According scientific and analytical literature, paints
are a part of coatings [5]. GOST 9.072-2017 [6] defines
“paint coating” as a continuous coating formed as a re-
sult of applying one or several layers of paint material
on painted surface and defines “nanocoating” as a coat-
ing with dried layers which thickness is from 1 to 10 nm.
Scientific and analytical literature includes paints in the
family of coatings [5].

Thus, summarizing the above material, we can say that
nanocoatings by their nature, as a rule, belong in very thin
layers of chemical matters (polymers, metals, composites,
etc.) which are used to add specific chemical or physical
characteristics to substrate surface: hydrophobic and/or
oleophobic properties, corrosion resistance, resistance to
abrasion and scratches, hardness, lubricity, transparency,
plasticity et al.
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MARKET OF NANOCOATINGS.
DRIVERS AND BARRIERS

The world analytical agencies state that the volume
of world market of nanocoatings in 2019 is estimated of
6101,8 million US dollars; according to prognoses, it will
be of 22,96 billion US dollars by 2027 when compound
annual growth rate (CAGR) is 18,4% per year. Nanocoat-
ing market is dramatically growing related to increased
demand in such areas of end consumer as health care,
automobile engineering, building materials and construc-
tion, electronics, shipbuilding, power industry, water
treatment and packing [7—9].

Due to properties inherent in nanolevel, nanocoat-
ings are usually multifunctional, demonstrating one or
combination of the following properties: self-healing,
self-cleaning, antibacterial and antivirus activity, catalytic
activity, antistatic characteristic, sensor perception et al.
Innovative nanocoatings have shape memory, are sensible
to fingerprints as well as are energy-efficient.

Nanocoatings provide resistance to temperature varia-
tions, due to that application of them is rapidly increasing
in products and structures exposed to temperature drop
and severe climate: ceramic tile, glass windows, cryogenic
storage vessels et al.

Efficient fire-proof nanocoatings are obtained by us-
ing nanosize double magnesium-aluminium hydroxides
(LDHs), titanium nanodioxide (TiO,) and silica nano-
dioxide (Si0O,) [10—12].

Nanocoatings create transparent, colorless protection
which cannot being seen by eye, that provides esthetic
appearance and preserve natural gloss and transparency.
Moreover, the products with nanocoatings practically
don’t accumulate dust. In the rare cases where foreign
contaminants, such as dust and dirt, stick to the surface,
they can be easily removed by flushing.

Nanocoatings can provide protection from ultravio-
let light (UV) and resistance to abrasion. This property
significantly increases the service life of the products and
makes them ideal for preserving paint surfaces. Nanopar-
ticles of silica dioxide (SiO,), titanium dioxide (TiO,),
aluminium oxide (Al,O,) and zirconium oxide (ZrO,) are
widely used to increase hardness and mechanical charac-
teristics of coatings, rising by that their wear-resistance
and resistance to scratches. One of the application areas
for them is maintenance of surface appearance and dura-
bility of parquet floors or window glasses [13].

In recent years, “anti-graffiti” nanostructured coat-
ings on the basis of polyurethane modified with nanopar-
ticles of silica and titanium dioxide have been widely used
[14—17]. They are particularly promising on the historical
and stone surfaces as they help to keep cultural heritage.

Nanocoatings significantly increase corrosion resis-
tance of structures (reinforced concrete, stone structures,
metals, etc.) that prolong their service life and durability.

The most recent technical solutions for the use of self-
healing and smart coatings to improve corrosion protec-
tion are discussed in [18].

Nanocoatings are antiadhesive and more hygienic
compared to common coatings. They prevent from growth
of bacteria and micro organisms. Structures and details
with nano-coating does not require waxing to maintain its
luster. In addition, they are also eco-friendly, non-toxic
and breathable, which allows them to be used effectively
on a variety of products, as they suppress dampness and
mold.

Since the end of 90s some German and Spanish com-
panies have been manufacturing nanotechnology-based
products, among which were coatings for total water-
repellent treatment, coatings for protection from graffiti,
coatings for elimination of biodeterioration sources such
as mildew, fungus, mosses, lichen, and coatings for ef-
florescence prevention.

Hydrophobic coatings [19—23] are used mainly to
make coatings water-proof and corrosion resistant. In this
way, hydrophobic system on the basis of silica nanodiox-
ide (SiO,) for water creates contact angle exceeding 150°,
and angle of inclination is less than 10° [24]. Up-to-date,
organosilicone compounds (OSC) can visibly improve
these values [25].

In fact, OSC with their active groups can react with
mineral (nonorganic) substrates which contain silanol
groups (Si—OH), such as concrete, cement, stone, brick,
reinforced concrete with siloxane bonds (Si—O—Si) for-
mation between substrate and modifier molecules that
leads to stable hydrophobization of the surface. Another
positive property to be noted is that OSC penetrate sub-
strate at the depth from ~0,5 mm to 1 mm. Emersed al-
kylsiloxane surface, apart from stable hydrophobic effect,
prevents from exfoliation. Moreover, modified surface
becomes resistant to weather impact and ultraviolet ra-
diation [5].

Today, hydrophobization is actively used to increase
efficiency of mineral insulators (“mineral cotton”) that
minimizes their hydro- and vapour absorbtion. The ap-
plication areas of hydrophobizated insulators are petro-
chemical facilities, shipbuilding, civil buildings (walls,
floors and ceilings), thermal stations, oil refineries, elec-
tric power plants, recording studios, conference halls,
airports and metro systems, air conditioning systems,
manufacture of sandwich panels, etc. [5].

Significant changes have taken place in the area of de-
velopment and application of new generation of self-
cleaning coatings. It is important that such coatings are
being considered today within the framework of scramble
for dramatic decrease of costs and operation time required
for service, repairs and restoration of the structures in
complex objects.

As it is known, under the influence of ultraviolet light,
modified TiO, acts as a photocatalyst, releasing atomic
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oxygen from water vapor or atmospheric oxygen. It is
enough to have disengaged active oxygen to oxidize and
decompose organic pollutants, deodorize rooms and to
destroy bacteria.

For now, TiO,-nanoparticles are being widely applied
in cement paints, special cements, cement mortars, road
pavements, both concrete and bitumen self-cleaning
materials and structures, air purification materials and
structures, antibacterial materials and structures, com-
positions and finishing materials for external and internal
works [26].

These photosensitive catalysts are especially used for
formation of concrete self-cleaning surfaces due to dis-
covered super hydrophobic property, that makes it pos-
sible to maintain aesthetic appearance of built objects
unchangeable for a long time.

The first scaled application of photocatalytic self-
cleaning materials dates back 1996 when the company
Italcementi took part in construction of Dives in Mi-
sericordia Church in Rome. According to the design,
this complex structure would be constructed in the form
of three gigantic sails assembled from precast reinforced
concrete. For that purpose, a concrete with unique prop-
erties was required. Such concrete not only should have
high strength and durability but also should keep white
color due to self-cleaning properties of the surface for
a long time.

Photocatalytic cements were also used in other pres-
tigious European architectural projects, first of all, in
France — Cité de la Musique in Chamberi (2003), Hotel
de Police in Bordeux, as well as in Saint John Court in
Monte Carlo (Monaco), schools in Mortara, Italy (1999),
and multi-storey dwelling buildings in Ostend, Belgium.
Moreover, compositions of cement paints and plasters
with photocatalysts were formulated. These paints and
plasters are widely used in Italy in construction of residen-
tial buildings in megapolises and in city environment to
increase eco-friendly properties of tunnels, underground
parkings, petrol stations, etc.

Building materials with TiO, are interesting not only
due to their self-cleaning properties. The studies show,
such materials possess promising opportunities in moni-
toring of city pollution. For example, photocatalytic sys-
tem “TiO,/cement” can destroy NO_, SO, NH,, CO,
volatile organic hydrocarbons, such as benzene or tolu-
ene, organic chlorides, aldehydes, and condensed aroma
compounds [27].

Doping of TiO, mesoporous film with small amount
of nanosilver can strengthen its antibacterial effect, even
without ultra-violet bombarding radiation.

Both hydrophilic and hydrophobic coatings can be
used, first of all, for flat surfaces and basic construction
materials, such as concrete and reinforced concrete, stone
and wood.

In recent times, coatings with phase change (PCMs),
used as hidden heat accumulating systems are becoming
more common [28]. In general, they are applied in inter-
nal and external surfaces, for example, walls, windows,
floors [29—31], to control temperature within specified
range.

Nanochromic materials, for example, tungsten triox-
ide (WO,) [32], nonstoichiometric nickel oxide (NiO ),
titanium dioxide (TiO,) and vanadium dioxide (VO,) [33,
34] can be applied in the form of thick film layers on
the window glasses as energy-efficient coatings [35]. Elec-
tro chromic windows are the most promising solution to
decrease cold stress, heat stress and to save consumption
of lighting power in buildings in which they are capable
to maintain transmission factor up to 68% of all solar
spectrum.

Nanoporous films of titanium dioxide (TiO,) on thin
film of tin oxide (SnO,) has been successfully implement-
ed in photovoltaic (PV) systems to obtain more power
[36]. Moreover, [37] describes a method of antireflection
with the use of nanosize dot matrix as one of the most ef-
ficient method to achieve high efficiency in such systems.

High-strength, high-elastic and impact-resistant coat-
ings make up a special group resistant to chemical impacts
and at the same time effective to protect structures from
corrosion.

A key concept of nanocoating performance mecha-
nisms is its ability to self-healing through “self-assembly”
process [38]. Self-assembly refers to the phenomenon in
which the components of a system spontaneously assem-
ble as a result of interaction, forming a larger functional
unit. Such spontanecous organization can be caused by
direct specific interactions and/or implemented indirectly
through its environment [39].

A technology to obtain nanocomposite materials
containing of interpenetrating polymer networks (IPN)
on the basis of polyurethane, epoxy resins and acrylates
modified in liquid phase with nanoparticles SiO,, TiO,
or other metal oxides is of great interest [40]. The ba-
sic element of this technology is branched (dendritic)
aminosilanes which serve as a curing agent for many
oligomers. They allow introducing of siloxane fragments
into structure of epoxyamine composition; an addition-
al hydrolysis of aminosilane oligomer makes it possible
to obtain secondary nanostructured network polymer
which significantly improves performance characteristics
of compound. Such nanostructured polymer networks
create unique capability to control micro- and nano-
structured characteristics of new composite materials.
Two-component compound combines high mechanical
characteristics of polyurethane with a chemical resistance
of epoxy binder. The developed branched dendroamine
hardeners are a new direction in the chemical technology
of cyclocarbonates, epoxy and acrylic resins [41]. Poly-
mer nanocomposites of a new class are environmentally
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friendly materials that do not contain harmful or volatile
components.

In [42], the properties of new composite materials and
nanoheterogenic compounds based on the use of epoxy
resins, liquid rubber, amine hardeners, and fluorine-
containing surfactants were studied and developed. The
resulting nanostructured epoxy rubber coatings for con-
crete and reinforced concrete structures dramatically re-
duce their deformability under short-term and long-term
load action. Protective epoxy rubber coatings provide an
increase in the tensile strength of concrete during bend-
ing by two to three times and, consequently, increase its
crack resistance. They have good chemical resistance,
high mechanical characteristics and heat resistance.

There are many market players at the market of paints
and coatings. Two of them vis Akzo Nobel and PPG —
have almost a quarter of the market. One should also note
other large manufacturers Sherwin Williams, Dupont
and BASF (from 7 to 4%). Almost all major manufactur-
ers of paints and coatings develop nanoproducts, buying
nanocomponents in different places and do not distribute
them. The exception is Sherwin-Williams because this
company possesses DIY store network. Among the nu-
merous specific products, it is possible to distinguish
the facade paint with dirt-repellent properties Herbol
Symbiotec produced by Akzo Nobel; the product system
based on Nanoguard technology (BEHR); the surface
protection system with permanent graffiti protection
effect based on nanostructured polyurethane-acrylate
composites (MC Baishemie); a wide range of coatings,
paints with high adhesion to metal, tiles, concrete, glass
and unique energy-saving characteristics, dirt-repellent,
fire and moisture protection by Nansulate (Nanotechnic)
technology [43]. New trends that have a direct impact on
the dynamics of the nanoindustry include nanostruc-
tured coating for the prevention of biofilm infections and
the development of nanocoats for waterproof mobile de-
vices.

Other participants of the market are the following
fast growing companies: CTC Nanotechnology, Theta
Chemicals, Advenira Enterprises, Inframat, Nanogate,
AdMat Innovations, Nanophase Technologies, Tesla
NanoCoatings [8].

Speaking of the Russian market, its leader in the seg-
ment of coatings and paints — Finnish Tikkurila — does
not have a leading global position in nanotechnology
products. The only world leader with significant posi-
tions in Russia is Akzo Nobel.

Nanocolouring can be performed with maximum ac-
curacy by means of the process which comprises atomic
building blocks, where atoms are precipitated in con-
trolled mode to obtain a layer which evenly corresponds
to each surface features.

Due to wider introduction of nanotechnological build-
ing materials into construction industry, as well as com-

moditization of nanocomponents production, in general,
the segment of building materials and, in particularly,
segment of coatings, will grow faster compared to other
segments.

Generally speaking, the tightening of environmental
regulations is the main driver of the popularization of new
nanotechnological building materials. The increasing at-
tention of the world community to the problem of sus-
tainable development [44] determines the introduction
of new regulatory requirements in the construction indus-
try. At the same time, the main focus is on reducing CO,
emissions, energy efficiency, and reducing air pollution.
A significant role in commercialization is also played by
economic factors — an increase in the service life of build-
ings and structures, the use of fewer building materials,
easier maintenance, and shorter construction times. All
this, in one degree or another, is ensured by the use of ef-
fective nano-coating.

Despite high initial investments into production,
the necessity to follow principles of sustainable develop-
ment [45] can cause dramatical increase of new materials
use with respect to considerable decrease of consumption
on the basis of entire building life cycle analysis. To pre-
serve environment is the important driver for spreading
of innovative materials.

Growth of demand for innovative products in recent
years can be explained by changes in life style of people,
tendencies towards more comfortability and function-
ality of residential buildings. Some groups of citizens
of Europe and North America require increased sustain-
ability of buildings and are ready to pay high cost for this.

Implementation of tighten environmental codes and
energy efficiency standards can really support demand for
nanotechnological building materials.

Disconcertingly, Russia still lacks this market, each
part of it. First of all, this is due to low demand for nano-
products by the state as well as by individual consumers.
Builders, in general, are not aware about innovative ma-
terials and, as a rule, do not look for them on the market,
and the manufacturers do not have enough special pro-
duction capacities in the RF. As a result, despite existing
drivers which are opportunities for market development,
some negative factors block them.

To our opinion, development of nanotechnologi-
cal building materials market will be promoted by ac-
complishing the National programs “Providing Russian
Citizens with Affordable and Comfortable Housing and
Communal Services”, “Environmental Protection” and
“Development of Transport System” as well as by setting
tasks to increase energy efficiency of economy and com-
mercialization of innovative activities.

Indeed, the government’s large-scale plans to com-
mission new housing and road infrastructure, ambi-
tious projects to develop the Arctic and ensure national
security should lead to the growth of the industry as
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a whole, as well as to an increase in demand for more
efficient, innovative construction materials. Today, Rus-
sia is significantly behind the world’s leading countries
in terms of housing stock per capita: 2 times compared
to the EU and 4 times compared to the United States.
From this point of view, the use of new technologies
to increase the full life cycle and improve the quality
of life should allow us to significantly approach the an-
nounced targets.

At the same time, the growing use of nanomateri-
als raises certain concerns about their safety for human
health and the environment. Currently, there are a num-
ber of serious uncertainties and knowledge gaps regarding
the behavior, chemical and biological interactions, and
toxicological properties of nanomaterials [46—49]. Unfor-
tunately, it is unlikely that all of them will be resolved in
the near future, since their elimination will require a large
amount of complex experimental work and the develop-
ment of new basic knowledge. It is of great importance
to take into account the whole life cycle of nanoproducts
to provide systematic detection of any impacts of them
[50-51].

REFERENCES

CONCLUSION

Today, the studies aimed to improve properties, func-
tionality and application areas of nanocoatings are still being
conducted all over the world. These researches are still in
the phase of continuous evolution, if not revolution, al-
though even today, through the use of nanocoats of various
types and mechanisms of action, a significant modification
of the properties of a surface or substance can be achieved in
accordance with user-defined parameters. It should be ex-
pected that the most significant functionality of nanotech-
nology products in the near future in the segment of paints
and coatings will be to increase their durability

Foundation and intensification of activities of Russian
institutes of development that promote innovative nano-
products, support the organization of their production
and use in various industries, including construction, will
definitely favor emerging of new building materials which
facilitate achieving national targets. Up-to-date progress
in the area of nanotechnologies allows us to hope that
many tasks, which seem fantastic today, will be success-
fully solved in the near decade.

1. Malinetsky G.G. Modernization as a course to the VI technological mode. Preprints of the IAM named after

M.V, Keldysh. Moscow. 2010; 41:16-19.

2. Zhu W., Bartos P.J.M., Porro A. (eds.). Application of Nanotechnology in Construction. Mater. Struct. 2004; 37:

649—659.

3. ISO 4618:2014. Paints and varnishes — Terms and definitions
4. Saji V.S., Cook R. Corrosion Protection and Control Using Nanomaterials. Cambridge (UK): Woodhead Publishing;

2012.

5. Li L., Yang Q. (eds.). Advanced Coating Materials. Beverly (USA): Scrivener Publishing LLC, Wiley & Sons, Inc.;

2019.

6. GOST 9.072-2017 Unified system of protection against corrosion and aging (ESZKS). Paint and varnish coatings.

Terms and definitions.

7. Nanocoating Market Report: Trends, Forecast and Competitive Analysis. Research and Markets. Lucintel. January

2018.

8. Global Nanocoatings for Building and Construction Market Report 2020. Market.US. 2020; 138p.

9. Construction Paints and Coatings Market — Global Industry Analysis, Size, Share, Growth, Trends, and Forecast
2013—2019. Transparency Market Research, NY; 2013.

10. Wang Z., Han E., Ke W. Influence of nano-LDHs on char formation and fire-resistant properties of flame-
retardant coating. Prog. Org. Coat. 2005;53(1):29-37.

11. Wang Z., Han E., Ke W. An investigation into fire protection and water resistance of intumescent nano-coatings.
Surf Coat Tech 2006;201(3):1528-1535.12. Wang Z, Han E., Liu F., Ke W. Fire and corrosion resistances of intumescent
nano-coating containing nano-SiO, in salt spray condition. J Mat Sci Tech. 2010;26(1):75-81.

13. Barna E., Bommer B., Kristeiner J., Vital A., et al. Innovative, scratch proof nanocomposites for clear coatings.
Composites. Part A: Applied Science and Manufacturing. 2005; 36(4): 473-480.

14. Quagliarini E., Bondioli F., Goffredo G.B., Licciulli A., Munafo P. Smart surfaces for architectural heritage:
preliminary results about the application of TiO,-based coatings on travertine. Journal of Cultural. Heritage. 2012;
13(2): 204-209.

http://nanobuild.ru 9 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2021;13(1): U/
HaHoTexHonorum B cTponTenbcTBe 5-11 NanObL" ]

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

15. Quagliarini E., Bondioli F., Goftfredo G.B., Cordoni C., Munafo P. Self-cleaning and de-polluting stone surfaces:
TiO, nanoparticles for limestone. Const. Build. Mat. 2012; 37: 51-57.

16. Munaf6 P., Quagliarini E., Goffredo G. B., Bondioli F., Licciulli A. Durability of nano-engineered TiO, self-
cleaning treatments on limestone. Const. Build. Mat. 2014; 65: 218-231.

17. Rabea A.M., Mohseni M., Mirabedini S.M., Tabatabaei M.H. Surface analysis and anti-graffiti behavior of a
weathered polyurethane-based coating embedded with hydrophobic nanosilica. Appl. Surf. Sci. 2012; 258(10): 4391-
4396.

18. Montemor M.F. Functional and smart coatings for corrosion protection: A review of recent advances. Surf. Coat
Tech. 2014; 258: 17-37.

19. Koch K., Ensikat H. J. The hydrophobic coatings of plant surfaces: epicuticular wax crystals and their morphologies,
crystallinity and molecular self-assembly, Micron, 39(7), 2008, 759-772.

20. Kumar D., Wu X., Fu Q., J.W.C. Ho, Kanhere P.D., Li L., Chen Z., Hydrophobic sol—gel coatings based on
polydimethylsiloxane for self-cleaning applications. Mat. Design. 2015; 86: 855-862.

21. Caldarelli A., Raimondo M., Veronesi F., Boveri G., Guarini G. Sol—gel route for the building up of
superhydrophobic nanostructured hybrid-coatings on copper surfaces. Surf. Coat Tech. 2015; 276: 408-415.

22. Wang H., Chen E., Jia X., Liang L., Wang Q. Superhydrophobic coatings fabricated with polytetrafluoroethylene
and SiO, nanoparticles by spraying process on carbon steel surfaces. Appl. Surf. Sci. 2015. 349 ; 724-732

23. Nakajima A., Miyamoto T., Sakai M., Isobe T., Matsushita S. Comparative study of the impact and sliding
behavior of water droplets on two different hydrophobic silane coatings. Appl. Surf. Sci. 2014; 292: 990-996.

24. Lafuma A., Quéré D. Superhydrophobic states. Nat. Mat. 2003; 2(7): 457-460.

25. Muzenski S., Flores-Vivian 1., Sobolev K. Hydrophobic engineered cementitious composites for highway
applications. Cement and Concrete Composites. 2015; 57: 68-74.

26. Falikman V.R., Sobolev K.G. “There’s plenty of room at the bottom”, or how nanotechnologies can change
the world of concrete. Nanotechnologies in Construction. 2011;1: 21-33. Available from: http // www.nanobuild.ru
(accessed: 15.01.2021).

27. Falikman V. R., Vayner A. Ya. Photocatalytically active building materials with titanium dioxide nanoparticles as
a new concept for improving the ecology of megacities. In: Collection of the participants reports from the round table
“Issues of the use of nanotechnologies in construction”. Moscow: MGSU, 2009. p. 35—49.

28. Karlessi T., Santamouris M., Synnefa A., Assimakopoulos D., Didaskalopoulos P., Apostolakis K. Development
and testing of PCM doped cool colored coatings to mitigate urban heat island and cool buildings. Buil. Env. 2011,
46(3): 570-576.

29. Memon S.A. Phase change materials integrated in building walls: A state of the art review. Renew Sust. Ener. Rev.
2014;31: 870-906.

30. Ismail K.A., Salinas C.T., Henriquez J.R. Comparison between PCM filled glass windows and absorbing gas filled
windows. Ener. Build. 2008; 40(5): 710-719.

31. Entrop A.G. Brouwers H.J.H., Reinders A.H.M.E. Experimental research on the use of micro-encapsulated
phase change materials to store solar energy in concrete floors and to save energy in Dutch houses. Sol. Ener. 2011;
85(5): 1007-1020.

32. Deb S.K. Opportunities and challenges in science and technology of WO, for electrochromic and related
applications. Sol. Ener. Mat. Sol. Cel. 2008; 92(2): 245-258.

33. Grangvist C.G., Lanseker P.C., Mlyuka N.R., Niklasson G.A., Avendano E. Progress in chromogenics: new results
for electrochromic and thermochromic materials and devices. Sol. Ener. Mat. Sol. Cel. 2009; 93(12): 2032-2039.

34. Baetens R., Jelle B.P., Gustavsen A. Properties, requirements and possibilities of smart windows for dynamic
daylight and solar energy control in buildings: A state-of-the-art review. Sol. Ener. Mat. Sol. Cel. 2010; 94(2): 87-105.
35. Grangyist C.G. Oxide electrochromics: Why, how, and whither. Sol. Ener. Mat. Sol. Cel. 2008: 92(2): 203-208.
36. Jayaweera P.M., Kumarasinghe A.R., Tennakone K. Nano-porous TiO, photovoltaic cells sensitized with
metallochromic triphenylmethane dyes:[n-TiO,/triphenylmethane dye/pl-/I13-(or Cul)]. J. Photochem. Photobio (A:
Chemistry). 1999; 126(1):111-115.

37. Photovoltaic (PV) system. Retrieve Sep 6, 2015. Available from: http://www.sandiego.gov/development-services/
graphics/components.jpg.

38. Patel Abhiyan S., Hiren A.R., Sharma D.N. An overview on application of Nanotechnology in construction
industry. Int. J. Innov. Res.Sci. Eng. and Tech. 2013; 2(11): 6094-6098.

39. Whitesides G.M., Grzybowski B. Self-assembly at all scales. Science. 2002;295(5564): 2418-2421.

40. Figovsky O. L., Beilin D. A., Ponomarev A. N. Successes of the use of nanotechnologies in building materials.
Nanotechnologies in Construction. 2012; 3: 6-21.

http://nanobuild.ru 10 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://www.sandiego.gov/development-services/graphics/components.jpg
http://www.sandiego.gov/development-services/graphics/components.jpg

Nanotechnologies in construction 2021;13(1): U/
HaHoTexHonorum B cTponTenbcTBe 5-11 NanObL" ]
APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

41. Figovsky O., Shapovalov L., Buslov F., Blank N. Nanostructured Hybrid Nonisocyanate Polyurethane Coatings.
International Conference «Nano and Hybrid Nonisocyanate Polyurethane Coatings». Manchester (UK): 2005.
p. 4/1-4/10.

42. Blank N., Figovsky O. Epoxy-Rubber Coatings with Nanoheterogenic Structure. Paint Industry. Moscow.
2009;10: 14—16.

43. Gusev B. V., Falikman V. R., Laistner Sh. et al. Industry technological research “Development of the Russian
market of nanotechnological products in the construction industry until 2020”. Part 2 Analysis of the world
market. Nanotechnologies in Construction. 2013; 5(2): 6-20. Available from: http://nanobuild.ru/magazine/nb/
Nanobuild 2 2013.pdf.

44. Gusev B. V., Falikman V. R. Concrete and reinforced concrete in the era of sustainable development. Industrial
and Civil Engineering. 2016; 2: 30-38.

45. Falikman V. R. GLOBE as a new initiative of specialized international organizations in the field of sustainable
construction. Concrete and reinforced concrete. 2020;2(602): 3-7.

46. Wiesner M. R., Bottero J. Y. Environmental nanotechnology. Applications and Impacts of Nanomaterials. 2007,
395-517.

47. Calkins M. Materials for sustainable sites: a complete guide to the evaluation, selection, and use of sustainable
construction materials. John Wiley & Sons. 2008.

48. Aschberger K., Micheletti C., Sokull-Klsittgen B., Christensen F.M. Analysis of currently available data for
characterising the risk of engineered nanomaterials to the environment and human health-lessons learned from four
case studies. Env. Int. 2011; 37(6): 1143-1156.

49. Hester R.E., Harrison R.M. (Eds.). Nanotechnology: Consequences for human health and the environment (Vol. 24).
Royal Society of Chemistry. 2007.

50. Nowack B., Bucheli T.D. Occurrence, behavior and effects of nanoparticles in the environment. Env. Pollut.
2007;150(1): 5-22.

51. Upadhyayula V.K., Meyer D.E., Curran M.A., Gonzalez M.A. Life cycle assessment as a tool to enhance the
environmental performance of carbon nanotube products: a review. J. Clean Prod. 2012; 26: 37-47.

INFORMATION ABOUT THE AUTHOR

Vyacheslav R. Falikman, Doctor of Materials Science, Cand. Sci. (Chem.), Head of the Center for scientific and technical
assistance at complex construction projects in the Scientific Research Institute for Concrete and Reinforced Concrete after
A.A. Gvozdev (NIIZhB). Head of Russian National delegation in fib. fib Honorary Life Member. The Regional Convener of the
RILEM in East Europe and Central Asia, RILEM National Delegate. RILEM Honorary Member. Member of ACI.

ORCID: https://orcid.org/0000-0001-6232-9862; e-mail: vfalikman@yandex.ru

Authors declare the absence of any competing interests.

Received: 22.01.2021.
Revised: 05.02.2021.
Accepted: 07.02.2021.

http://nanobuild.ru 11 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021;13(1):
5-11

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

MPUMEHEHUE HAHOMATEPUAJIOB U HAHOTEXHOJIOIMW B CTPOUTE/IbCTBE

DOI: 10.15828/2075-8545-2021-13-1-5-11
YK 667.6+620.3
Tun ctatbn: O630pHanA cTaTba

HaHONOKpbITVA B COBpeMEeHHOM CTPOUTENbCTBE

B.P. ®anukmaH
HayuHo-nccnepgoBatenbckuii LeHTp «CTpounTenbcTBo», . MockBa, Poccusa

KoHTakTbl: e-mail: vfalikman@yandex.ru

PE3IOME: B 0630pe npoaHann3npoBaHO COCTOAHUE PbiHKa HAHOMOKPBITWI, MPVBEfEHbI OCHOBHbIE VX BUAbI, @ TaKXKe ApalBepsbl
1 6apbepbl X pa3paboTkn 1 nprmeHeHnA. COBPEMEHHbIN MPOrpecc B 06/1aCT HAHOTEXHOOTMIA MO3BOSAET OTHECTW HAHOMOKPbI-
TVA K BbICOKOTEXHOJIOTMYHbBIM MaTepuanam, CTPYKTypa 1 CBONCTBa KOTOPbIX MOTYT ObiTb «3anpoeKTMPOBaHbl» Mo cneumdryecknm
bYHKUMOHANbHBIM KpUTEPUAM 1 YPOBHIO BO3AENCTBIA Ha OKpY»KatoLLyto cpey. OHv 06nafaloT YHKanbHbIMY XapaKTeprcTMkamm
MO CPaBHEHMIO C 0ObIYHBIMY MOKPBITUAMY, MPUMEHAEMbBIMU B CTpoUTeNbCTBe. MacluTabHble nnaHbl MpaBUTeNbCTBa MO BBEAEHNIO
B SKCMJTyaTaLio HOBOIO Wb 1 CO3LaHMI0 JOPOXHON MHOPACTPYKTYPbl, aMOMLIMO3HbIe NPOEKTbl 0CBOEHMA APKTVKIN 1 obecre-
YeHUA HauMOoHanbHo 6e30MacHOCTY AOMXKHbI MPUBECTU K POCTY MHAYCTPUM B LIENIOM, @ TakXe K MOBbILIEHMIO Cnpoca Ha bonee
3¢ deKTrBHbIE, MHHOBALIMOHHbIE CTPOUTESNIbHbIE MaTepuaibl, BKOYasA HAHOMOKPLITUA 1 HAHOKPACKMN.

KJTIOYEBbBIE CJIOBA: cTpouTtenbHas UHAYCTPUSA, HAHOMATepUasbl 1 HAHOTEXHONOMY, GYHKUMOHalbHble MOKPbITASA, MUPOBO
PbIHOK, ipaliBepbl 1 6apbepbl, yCTOMUMBOE pa3BUTHE.
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BBEJEHUE

POMBIIIJIEHHOCTh CTPOUTEIHLHBIX MaTepUaloB

U CTPOUTEIIBCTBO, HECMOTPS Ha MX OIPEACICHHO
KOHCEPBATUBHBIN XapaKTep, BEIHYXKICHBI BCE YaIle
CTaJIKUBAThCS C TEM, YTO Ha3bIBAIOT «MHIYCTPUATIbHOMN
peBomtouuneii XXI Beka». HoBble 3aKOHOMEpPHOCTH,
HOBBIC METOIBI MCIIBITAHWI U MCCICIOBAaHMUIT CO3TAIOT
3HAUYMUTEJIPHBIN OTEHIINA TSI CO3MAHUS BHICOKOTEX-
HOJIOTUYHBIX TIPOIYKTOB 1 IIPOIIECCOB, OTINYAIOIINX-
csl TapaHTHUPOBAHHBIMU TTOKA3aTeJISIMUA HAIEXKHOCTH,
pPa3BUBAIOT IIPUHIIUITEI IIOJTYICHUSI COBPEMEHHBIX «CY-
TepMaTepraaoB» U XapaKTepH3YyIOT HAYajio IIeCTOTO
TEXHOJIOTMYeCcKoro ykiazaa [1].

Cpenu HUX, coriacHO mokymeHTaM TC 197-NCM
MeXnyHapOomTHOTO COr03a IKCIIEPTOB U JIadOpaTOpMiA
B 00JIaCTH CTPOUTEIHLHBIX MaTepHUAIIOB, CUCTEM M KOH-
crpykuwnit (PUJIEM), ocoboe MecTo 3aHUMAIOT (DYHK-
IMOHAJBHBIC TOKPHITHSI, MHOTOKPATHO TTOBHITIAIOIINE
KadecTBa MaTepHajiOB, HAI[pUMep, UX ONTUYECCKUE,
TETUIOBBIC CBOMCTBA, MOJATOBEYHOCTH, ICTUPAEMOCTb,
COTMIPOTHUBIISIEMOCTh Pa3IMIHBIM BO3ICHCTBUSIM, 00€-
CIICYMBAIOIINE CAMOOUYNIIAEMOCTb, IIPETIITCTBYIOIINE
HaAIMMCH Ha CTEHaX W T.1. [2].

© QanunkmaH B.P, 2021

Cormacno crangapty 1SO 4618:2014 [3], mox Tep-
MHWHOM <«ITOKPBITHE» IIOHUMAIOT CJIOM, 00pa30BaHHBIN
B pe3y/IbTaTe OTHOKPATHOTO MJIM MHOTOKPATHOTO HaHe-
CEHUS MaTepuaia ITOKPBITAS Ha TTOMIOXKY. Martepuai
IOKPBITAST — 3TO MPOAYKT B KUIKOM, ITACTOOOPA3HOM
WM TTIOPOIITKOBOI (popMe, KOTOPHI IMpr HaHECCHUN
Ha TIOMIJIOKKY 00pa3yeT CJI0i, 00J1aTaroIInii 3alIUTHBI-
MU, IEKOPATUBHBIMU 1/WJTN IPYTUMU CTIEITUDUIECKIMUA
cBoitictBamu. IIpy 5TOM «HAHOITOKPBHITHE» MOXKET OBIThH
oIpeieNIeHO KaK MOKPHBITHE, MMEIoIIIee JIM0O TONIIINHY
TTOKPHITHUST B HAHOPa3MEepHOM MacIrabe, oo comepka-
IIIee YaCTUIIBI BTOPOI (ha3bl B HAHOpAa3MEpHOM IMAITa30-
He, KOTOPBIC TUCTICPTUPYIOTCS B MATPHIIE, TNOO ITOKPHI-
THe, UMeroIllee HaHOpa3MepHBIe 3epHa/(ha3bl U T. 1. [4].

B HayYHO-TEXHMYECKON M aHATUTUICCKOM JTUTE-
patype KpacKU SIBJISTIOTCSI YaCTHBIM CIIydaeM ITOKPHI-
tuii [5]. Tak, B TOCT 9.072-2017 [6] «1aKOKpacoyHOe
IMOKPBITHE» OMpeaesIeHO KaK CIUIONIHOE MOKPBITHE,
chopMHpPOBaHHOE B pe3yibTaTe HAaHECCHUSI OTHOIO
I HECKOJIBKMX CJI0EB JJAKOKPACOYHOTO MaTepHraia
Ha OKpallXBaeMyl0 TMTOBEPXHOCTh, & «<HAHOIIOKPbITUE»
KaK MTOKPBITHE C TOJIIMHOM BEICOXIIIETO CJI0S B THMAalla-
30He oT 1 70 100 aM. MHTEpECHO OTMETUTD, YTO OTHUM
13 TIEPBBIX KOMMEPUYSCKUX ITPUMEHEHNI HAHOTEXHO-
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JIOTHIA CTAJIO MCTIOJIB30BaHNUE YTIICPOIHBIX HAHOTPYOOK
MMEHHO B Kpackax [5].

Takum obpazom, 00600111asT, MOKEM CAEJIaTh BHIBO/,
4TO 110 CBOEU MpUpoae HAHOTIOKPBITHSI OTHOCSTCS, KaK
MpPaBUJIO, K 04€Hb TOHKUM CJIOSIM XMMUUYECKUX BEIIECTB
(TTomMMepoB, METAJIOB, KOMITO3UTOB U IIpP.), KOTOPHIC
WCITOIB3YIOTCS IIJI TIPUOAHUS CITeIU(PUICCKIX XUMU-
YeCKUX N (PU3NICCKUX XapaKTCPUCTUK ITOBEPXHOCTH
TIOIJTOXKKI: TUIPOGOOHBIX /TN 0J1e0(DOOHBIX CBOICTB,
KOPPO3MOHHOM CTOMKOCTU, CTOMKOCTU K UCTUPAHUIO
W LlaparnuMHaM, TBEpAOCTHU, CMa3bIBAEMOCTH, MPO3pay-
HOCTH, TIJITACTUMHOCTH U JIP.

PBIHOK HAHOITIOKPBITHUIA.
JIPAVIBEPBI I BAPHEPBI

ITo maTeprazaM MIPOBBIX aHAJTUTUICCKIX aTCHTCTB,
00BeM MUPOBOTO pBIHKA HAaHOTIOKPHEITU B 2019 romy
oueHuBaiica B 6101,8 mura gosmapos CILA u, 1o mpo-
rHo3am, oH gocturHet 22,96 mupa moiuiapos CILIA
K 2027 romy mipm cpemHeM 1okaszateie pocta (CAGR)
18,4% B roa. PIHOK HAHOIOKPBITHI ITEPEXUBAET ObI-
CTPBII POCT, CBSI3aHHEBIN C X PACTYIIIM CIIPOCOM B Ta-
KHX OTPACIISIX KOHEUHOTO MOTPEOUTEIS, KaK 3MPaBOOX-
paHeHIe, aBTOMOOMIICCTPOCHE, CTPOUTEIIPHBIC MaTe-
PHUAJIBI ¥ CTPOUTEIBCTBO, JIEKTPOHUKA, CYIOCTPOCHNE,
SHepreTUKa, BOJOOYMCTKA U yIlaKoBKa [7—9].

Bnaromaps cBoiicTBaM, MPUCYIINM HAaHOYPOBHIO,
HAHOITOKPBITUS OOBIYHO SIBJISTIOTCSI MHOTO(YHKIINO-
HaJIbHBIMU, TIPOSIBIISISI OMHO WJIM KOMOMHAIIMU CIICIY-
FOIIINX CBOVCTB: caMoO3aJIcYMBaHIE, CAMOOYHUIIICHIE,
AHTUMUKPOOHASI M aHTUBHPYCHAasI aKTUBHOCTD, KaTa-
JMTHYeCcKass aKTUBHOCTb, aHTUCTAaTUKa, CEHCOpPHAs
YyBCTBUTEIBLHOCTD U T.1. [IpUHIIMTIMAIPHO MHHOBAIIH -
OHHBIMU SIBIISIIOTCS HAHOITOKPBITHS C ITAMSITBIO (POPMBI
¥ 9yBCTBUTEJBbHBIC K OTIIEYATKaM ITaJIbIIeB, a TaKXKe
5HEepPro3(GHEeKTUBHBIC TOKPHITUSI.

HanomokpheITHs 00ecIIeYnBar0T YCTOMIMBOCTD K KO-
JIeOaHMSAM TeMIICpaTyphl, B pe3yJbTaTe Yero UxX mpu-
MCHEHME Pe3KO pacTeT B U3ACIUSIX U KOHCTPYKIIUSX,
TIOIBEPKEHHBIX BO3IECHCTBUIO ITEPETIagoB TeMIICpaTyp
¥ CYPOBBIX KJIIMMAaTHYECKUX yclIoBUii. Kepammaeckast
TUTNTKA, CTEKJISTHHBIC OKHA, Pe3epByaphl IJIsT XpaHCHUS
CKIKCHHBIX Ta30B SIBJISIOTCS TUITMIHBIMU TIPUMEpPaMH.

AP dekTUBHBIE OrHE3aAMMNTHBIE HAHOTTOKPBITHS T10-
JIy4aloT ITyTeM ITPUMEHEHMST HAHOPa3MEPHBIX TBOHBIX
ruapokcuaoB Marnus-amomunus (LDHSs), HaHonnok-
cuzna turana (TiO,) u HaHonnokcuna kpemuus (SiO,)
[10—12].

HaHOomoKpHITHS CO3Maf0T IIPO3pavHyIo, OCCIIBETHYIO
3aIIUTY, KOTOPYIO HEBO3MOXHO 0OHAPYKUTHh HEBOOPY-
JKEHHBIM TJ1a30M. DTO MOOIEPKUBACT 3CTCTUUCCKUI
BHCITHUY BUI W3OCIINS, COXPAHSICT €T0 eCTeCTBEHHBIN
01ecK u mpo3payHocTh. Kpome Toro, n3nenust ¢ HaHO-
TIOKPBITHEM IIPAKTUICCKN He HAKATLTUBAIOT TPsi3h. B Tex

PeOKMX CIydasix, KOraa IIOCTOPOHHUE 3aTrpsI3HUTEIN,
TaKWe KaK IbUTh U IPsi3b, MIPWINIIAIOT K TOBEPXHOCTH,
MX MOKHO JIETKO VIAJIUTh CMBIBAHUEM.

HaHonmokpbITUsS CNOCOOHBI 00€CHEeUnTh 3alUTY
oT ynbTpaduonetoBoro cBeta (YP) 1 yCTONIUBOCTD
K UCTUPAHUIO. DTO 3HAYUTEIILHO YBEIMINBACT CPOK
CITY>KOBI M3IETUI U AeTaeT UX NACATbHBIMHU IJIS COXpa-
HEHMS JTAKOKPACOYHBIX TTOBepXHOCTel. HaHouacTHIIb
IMOKCUIA KPEMHUS (SiOz), MUOKCHUIA TUTAaHA (TiOz),
okcuna amomunus (Al O,) n okenna nupkonus (Zr0O,)
IIMPOKO MCIIOJB3YIOTCS JJIST TIOBBIIICHUS TBEPOOCTH
1 MEXaHWYECKNX CBOMCTB MOKPBITHI, TEM CAMBIM IIO-
BBIIIAST NX U3HOCOCTOMKOCTD M YCTOMUMBOCTB K ITapalin-
HaMm. Cpenn obJacTeit NX IpUMEHEHMS — TTOIAepKaHIe
BHEIITHETO BUIA ITOBEPXHOCTHU 1 JOJITOBCUHOCTH ITAPKET-
HBIX TTOJIOB WJIM OKOHHBIX cTeKOoI [13].

B mocnenHue TOmBl IIUPOKOE pacIpocTpaHEeHME
IIPUOOPETAIOT HAHOCTPYKTYPUPOBAHHBIC TTOKPHITHS
«aHTU-TpadPUTI» Ha OCHOBE MOJIUYPETAHOB, MOIIM-
pUIMpoBaHHBIX HAHOYACTUIIAMA KpeMHe3eMa 1 THOK-
cupa tutana [14—17]. OH1 0cOOEHHO MEePCIEKTUBHBI
Ha MCTOPMYCCKUX M KAMEHHBIX TTOBEPXHOCTSIX IUISI CO-
XpaHEHMS KyJIbTYPHOTO HaCIICous.

HaHOTIOKPHITHST 3HAYUTEIHFHO ITOBBIIIAIOT KOPPO-
3MOHHYIO CTOMKOCTh KOHCTPYKINI (3KeJIe300eTOHa,
KaMEHHBIX KOHCTPYKIINIA, METaJUIOB U T.I.), YTO yBe-
JIMIUBACT MX IOJITOBEYHOCTD U CPOK CITYKOBI. CaMEBI¢ TT0-
CJIeTHNE TEXHUICCKIE PEIICHIS IIPUMEHEHMST CaMOBOC-
CTaHABJIMBAIOIINXCS M MHTCJUICKTYaIbHBIX TTOKPBITHMA
IIJIST TIOBBIIIICHUST 3aIIUTHl OT KOPPO3UU PAaCCMOTPEHBI
B [18].

HaHOTIOKPHITUS SIBISIOTCS aHTUAATE3MOHHBIMU
1 00Jiee TUTUCHUIHBIMU 110 CPABHEHUIO C OOBIYHBIMU
MOKPHITUAMHU. OHU MPENSITCTBYIOT POCTY OaKTepuid
1 MUKPOOPTraHU3MOB. KOHCTPYKIINM 1 IeTaIu ¢ HAaHO-
TTOKPHITUSIMU He TPEOYIOT BOIICHMS IJIs TTOAICPKAHUS
cBoero 0jiecka. Kpome Toro, oHI TaksKe SIBJISTFOTCS 9KO-
JIOTUYECKH YMCTHIMHM, HeTOKCUIHBIMY U IBIIIAIITNMH,
YTO TT03BOJISIET 3(PDEKTUBHO MCITOIB30BaTh MX Ha pa3-
JIMYHBIX TIPOIYKTaX, IIOCKOJIBKY OHU TTOIABIISTIOT ChI-
POCTB U TUIECEHb.

Cpenu BEIITYCKaeMBIX PSIIOM HEMEIKMX M MCITaH-
ckux pupm ¢ KoHI1a 90-X TOIOB IMPOLYKTOB, ITOTYIaeMbIX
Ha OCHOBE HAHOTEXHOJIOTUM, BBIIEIISIIOTCS TTOKPBHITUS
IS TIOJTHOM THAPO(OOM3aLINK IIOBEPXHOCTEH, MIJIST TIpe-
MOTBpalleHus yiepoa ot rpadGuTh, I TNKBUIALTNN
ITOTCHIMAIBHBIX ICTOYHNKOB OMOTIOBPEKICHUIT — TITe-
CeHell, Tpr00B, MXOB, JIUIIANHNKOB, TIONABICHUS BBI-
C0JI000pa30BaHMSI.

I'mopodobubIe moKpeITHS [19—23], B OCHOBHOM, HC-
TTOJIB3YIOTCS IS TIPUIAHUS TIOBEPXHOCTSIM BOIOCTOI -
KOCTHM ¥ KOPPO3MOHHOI cToiikocTu. Tak, runpodo0-
Hasl CCTeMa Ha OCHOBE HAHOAMOKCUIA KPEMHMUS (SiOz)
CO3IaeT IS BOOBI KPaeBoOil Yrojl CMauWBaHUS, TIPEBBI-
mraromuii 150°, a yron ckateiBaHus — MeHee 10° [24].
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CoBpeMeHHBIE KpeMHUITOPTaHUIECKIE COCAMHECHMS
(KOC) MoryT 3aMeTHO YJIYJIIUTh 3TH ITOKa3aTenn [25].

HeiictButenbHo, KOC ¢ X aKTUBHBIMHA TPYITIIaAMHA
MOTYT BCTYIaTh B PEaKIINIO ¢ MUHEPaIbHBIMU (Heopra-
HUYECKUMHM) CyOCTpaTaMM, COMEPKAIINMHU CHIAHOb-
Hble Tpynnsl (Si—OH), TakuMmu Kak 6eTOH, IIEMEHT,
KaMeHb, KHPIINY, 3KeJIe300€TOH, ¢ 00pa30BaHUEM CH-
JIOKCaHOBBIX cBsI3eit (Si—O—Si) Mexmy cydocTpaToM
¥ MOJICKyJIaM1 MonudpuKaTopa. DTO IPUBOIUT K CTa-
OUJIBHOM THIpodoOu3aINy MoBepxHOCTU. Cpenu Ipy-
TUX TIOJIOKUTEILHBIX CBOMCTB CIEIyeT OTMETUTH TO, UTO
KOC nponHukaloT B cydocTpaT Ha Ti1youHy ot ~0,5 MM
Io 1 MM, 9TO ITIOMUMO YCTOMYMBOTO TUAPOGOOHOTO
addeKxTa ATKMUICHIOKCAHOBOI ITOBEPXHOCTH IIPEIOT-
Bpalmaert ce meiymenue. Kpome Toro, Mmommdummpo-
BaHHAs IMOBEPXHOCTb CTAHOBUTCSI YCTOMYMBOM K aT-
MoOC(hEPHBIM BO3ICHCTBUSIM U YIBTPa(hUOICTOBOMY
u3aydyeHuto [5].

T'unpodobuzanus ceromgHsi aKkTUBHO MCITOJb3YeT-
CsI IUIST TIOBBIIEHUS 3((OEKTUBHOCTH MUHEPATBHBIX
yTeIInuTeNNe («MUHEPaTbHON BaTHI»), YTO CBOIUT
K MUHAMYMY UX BOIO- U TapororioiiecHue. Odmactu
IpUMeHEeHUs TUAPOGOOM3UPOBAHHBIX YTEIJINTEICH
BKJTFOYAIOT HE(DTEXUMHUIECKUN KOMITIIEKC, CYTIOCTpOe-
HUe, TpaXXIaHCKUE 3MaHUs (CTEHBI, TTOJIBI M TTOTOJIKM),
TETIOBBIC CTAaHIIMM, HedTeTiepepadaThIBAIOIINE 3aBOIHI,
3JICKTPOCTAHIINH, CTYINH 3BYKO3aITMCH, KOH(epeHII-3a-
JIBI, a3POIIOPTHI X METPOITOIUTEH, CUCTEMBI KOHIUIINO-
HUPOBAaHUS BO3MyXa, N3TOTOBJIICHUE COHIBUY-TIaHEICH
uT.m. [5].

3HaKoBbIc U3MECHEHHUS IIPOM3OIILIN B chepe pa3pa-
0OTKHU U TIPUMEHEHMS HOBOTO MOKOJCHUSI CAMOOYM -
IIAIOIIMXCS MOKpEITHI. BaxkHO, 4TO TIOCIIemHIE pac-
CMaTPUBAIOTCS CETOMHS B O0IIEM KOHTEKCTE OOPHOBI
3a KapIWHAJIbHOE CHIDKCHUE 3aTpaT M pabodero Bpe-
MCHU Ha OOCIY:XKMBaHWE, PEMOHT ¥ BOCCTAHOBIICHHE
KOHCTPYKIIUI CJIOXHBIX O0BEKTOB.

Kak m3BecTHO, TTo BO3IECTBHEM yabTpaduroieTa
MonuduumposanHbiil TiO, paboTaet Kak oTokaTanmsa-
TOD, BBIICIISIST aTOMAapPHBIN KUCIOPO M3 TTAPOB BOII UJIN
aTMocepHOro Kuciaopona. BeioereHHOTo akTUBHOTO
KHCIIOPOIIa TOCTATOTHO IUIST OKUCICHUS U PA3IOXKCHUS
OPTaHMYECKUX 3aTPSI3HEHUA, Ie3000pUPOBAHMSI TTOME-
IIEHUH, YHUUYTOXEHUS OaKTepUil.

K HacrosmeMy BpeMeHU CTPOUTETLHBIC MAaTePHAITHI,
conepxkamiue 106aBku TiO -HaHOYACTHIL, ITMPOKO MPK-
MEHSIOTCSI B IIEMEHTHBIX KpacKax, CITeIIMaTbHbIX IIeMEH-
TaX, CTPOUTEIBHBIX PACTBOPAX, JOPOXKHBIX ITOKPHITHUSX,
KaK OCTOHHBIX, TaK U OMTYMHBIX, CAMOOUYHNIIAIOIITXCS
MaTepuajiaX 1 KOHCTPYKIIMSIX, BO3TYXOOUNIIIAIOIINX
MaTepualiaXx U KOHCTPYKIMSIX, aHTUOAKTepUaTbHBIX
MaTepHaiax ¥ KOHCTPYKIUSIX, COCTaBaX U OTAETOTHBIX
MaTtepuaax Ijisi HApYXXHBIX U BHYTPeHHUX padoT [26].

OCc00eHHO PacIIpOCTpaHEeHO MPUMEHEHNE TAaKIX CBE-
TOYYBCTBUTEIBHBIX KATAJIN3aTOPOB IIPH (POPMUPOBAHUH

CaMOOYMIIAIOIINXCS TTIOBEPXHOCTEH OETOHA 3a CUET OT-
KPBITOTO SIBJICHUST CYIePTUAPOMIIBHOCTH, YTO TTO3BO-
JISIET TIONIePKUBATh 3CTETUUCCKHI BUI ITOCTPOCHHBIX
00BEKTOB HEM3MEHHBIM B TCUCHHE TTPOIOJLKUTETHEHOTO
BpECMECHU.

IlepBoe o4YeHBb KPyITHOE IIpUMEHEHUE (POTOKA-
TATUTUICCKUX MaTePUAIOB ¢ CAaMOOUYMIIAIOIIIMUCS
cBolicTBaMu oTHOCHUTCST K 1996 Tomy, korna dupma
Italcementi mpuHSIIa y9acTie B CTPOUTEIIBCTBE HEPK-
Bu Dives in Misericordia B Pume. ITpoekT npenmonarait
BO3BEACHUE CIIOKHOM KOHCTPYKIIMH U3 TPEX OTPOMHBIX
OeJIbIX MapycoB, COOMpaeMbIX U3 COOPHOTO Xeje300e-
TOHA, YTO TTOTPEOOBAJIO MCITOTb30BAHMS YHUKAIBHOTO
IT0 CBOMM CBOICTBaM O€TOHA, KOTOPHIIA, KpPOME BEICOKOIT
IIPOYHOCTU U JOJTOBEUYHOCTH, TOJKCH OBIIT HEOTpaHU-
YEHHO JIOJITO COXPaHSThH OCIIBIN IIBET Oaromapsi CaMo-
OYMIIAIOIINMCS CBOMCTBAM ITOBEPXHOCTH.

DoToKATATUTHYECKHE IIEMEHTHI OBLITN UCITOIb30Ba-
HBI U B APYTUX TIPECTUKHBIX €BPOIICHCKIX apXUTCKTYP-
HBIX ITpoeKTax, nmpexie Bcero Bo @pannun — Cité de la
Musique B Illam6epu (2003 rom), Hotel de Police B bop-
1o, a Takke Saint John Court B MonTe-Kapimo (MoHa-
KO), IIKOJIBI B ropoae Moprapa, Utanusa (1999 ron),
MHOTOA3TaXKHBIX KIJIBIX KoMITIeKcax B OcteHme, beib-
rust. KpoMe Toro, ObIIH pa3paboTaHbl COCTABEI IIEMEHT-
HBIX KPACOK M IITYKATYPOK, comepKarinx (hoToKaTar-
3aTOPBI, KOTOPHIC ITMPOKO ITPUMEHSIOTCS B UTamu mpn
CTPOUTEJILCTBE XKUJIBIX 3MaHUI B METaroJimcax u cox-
HOI TOPOJICKOIt cpere, MUTS TIOBBITIICHUS SKOJIOTMIYHOCTH
TOHHEJIEH, TTOA3eMHBIX TTAPKOBOK, 3aIIPaBOK U T.II.

CrpowurenbHble MaTepuaibl, conepxammue TiO,, un-
TEePECHBI HE TOJIBKO M3-3a CBOMUX CBOICTB CAMOOYHIIIC-
Hus. [TpoBognMEBIe MCCICTOBAHMS TIOKA3BIBAIOT, YTO
TaKre MaTepHaabl UMEIOT XOPOIIN MOTECHIINAJ TIPH
KOHTpOJIe TOPOICKOTO 3arpsi3HeHnst. Hammpumep, doTto-
KaTtanutudeckoi cucremoit TiO,/1lieMeHT MOTYT ObITh
yauuroxensl NO , SO, NH,, CO, neryuune opranuye-
CKUeE YTJIeBOIOPOIBI, TaAKME KaK OCH30JI M TOJIYOJI, Opra-
HUYECKUE XJIOPUIBI, aTbACTUIB M KOHICHCUPOBAHHBIC
apoMaTuJyeckue coenuHeHus [27].

JlerupoBanue mesonopucroit mieHku TiO, He-
OOJIBIIIMM KOJTMYECTBOM HaHOCepeOpa MOXKET YCHIINTh
ee aHTuOaKTepuaabHbIi 3 PeKT maxe 0e3 00aydeHUs
VIBTPa(pOICTOBEIM CBETOM.

Kak rugpodunbHble, TaK ¥ THAPOPOOHBIE TTOKPBITHS
MPUMEHUMBI, TIPEXE BCETO, IS MJIOCKUX MOBEPXHO-
cTeli 1 0a30BBIX CTPOUTEIHLHBIX MAaTePUAIOB, TAKUX KaK
OCTOH M XeJIe300eTOH, KAMEHbB 1 IEPEBO.

B mocieqHee BpeMsI Bce OOJIbIIIee pacipocTpaHeHUE
HaXOISAT MOKPHITUS ¢ (ha30BEIM TtepexogoM (PCMs),
HCIIONIb3yeMbIe B KAYECTBE CKPHITOM CUCTEMBI aKKyMy-
JmpoBaHud Teria [28]. B ocHOBHOM, OHM MCTTONB3YIOTCS
Ha BHYTPEHHUX 1 BHEIITHUX ITOBEPXHOCTSIX, HAIIPUMED,
CTEHAX, OKHAX, TToax [29—31], 4ToOHI peryIupoBaTh NX
TeMIIepaTypy B OIIpeAcICHHOM AUaITa30He.
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HaHoxpoMmHBIC MaTepurajbl, HAIIPUMEDP, TPHOKCHUT
Bosibpama (WO,) [32], HeCTEXMOMETPUYECKUE OKCH-
Il HUKEITS (NiOX), MVUOKCUI TUTaHA (TiOz) U TAOKCHL
Bananusa (VO,) [33, 34], MOTyT HAHOCUTBCS B BUJIE TOH-
KOIUICHOUHBIX CJIOeB HAa OKOHHBIC CTEKJIa B KAUCCTBE
9Heprod(POEKTUBHBIX MOKPHITUH [35]. DnekTpoxpoM-
HBIC OKHA SIBJISIIOTCS HanOoJIee TMepCIIeKTUBHBIMU TSI
CHITKEHUSI XOJOIOBBIX HATPY30K, TEIUIOBBIX HATPY30K
¥ SKOHOMWU SHEPTUU OCBEIICHUS B 3MAHUSX, TI¢ OHU
CITOCOOHBI PETYINPOBATH KOIDDOUIINEHT MPOITYCKAHMUS
110 68% BCero COJIHEYHOro CIEKTpa.

HanonopucTbele neHKU IMOKCUOIA TUTAHA (TiOz)
Ha TOHKOM IJIEHKe OKcuaa oyiosa (SnO,) ycrenHo uc-
TIOJIB3YIOTCS B (pOTORNIEKTprUecKUX cucteMax (PV) mrs
TOJTy4YeHMsI OOJIBIIETO KOJTMYECTBA 2JIEKTPOsHeprun [36].
Kpowme Toro, B [37] nIpenioxkeH METO aHTUOTPaXKEHUS
C MCTIOJIb30BaHNEM HaHOPa3MEPHOM TOUEUHOI MaTPHUIIBI
B Ka4eCTBE OMHOTO M3 Hanboiee 3¢ (PeKTUBHBIX METO-
OB TOCTVKCHUS BBICOKOM (D(HEKTUBHOCTU B TaKUX
cHCcTeMaXx.

Oco0yIo TPyMITy COCTABJISIOT BEICOKOIIPOYHEIC, BHI-
COKO3JIACTUYHBIC ¥ YAAPOCTONKIE TTOKPHITHSI, KOTOPHIC
OIHOBPEMEHHO CTOMKM K XMMUUYECKUM BO3ICHCTBHUSIM
¥ 3aIIUIIAI0T KOHCTPYKIINU OT KOPPO3UH.

KorroueBoil KOHIICIIIIE MeXaHn3Ma 00CCIIeUeHUS
padOTHI HAHOITOKPBITHI SIBJISIETCST X CITOCOOHOCTE K ca-
MOBOCCTAaHOBIICHHUIO ITOCPEICTBOM IIPOIIECCa «CaMO-
coopku» [38]. TTon camocOopKoit TTIOHUMAIOT SIBJIEHUE,
TP KOTOPOM KOMITOHEHTBI CUCTEMBI CAMOITPOM3BOIHLHO
cobuparoTcs B pe3yabTaTe B3auMOACHCTBUSI, 00pasys
6osee KpynHYIO (GYHKIMOHAIBHYIO eIMHUIYY. Takas
CTIOHTaHHAs OpPTaHM3allis MOXKET OBITh OOYCIOBICHA
HEIIOCPEICTBCHHBIMU CIICeIU(UISCKIMU B3aUMOICii-
CTBHSIMU /TN PEaIM30BEIBATHCS OTIOCPEIOBAHHO Ye-
pes cBoe okpyxeHue [39].

HMHTepecHa TeXHOIOTHS TTIOTYICHIST HAHOKOMIIO3H -
IMOHHBIX MaTepUAJIOB, COMEPKAIINX B3aNMOIIPOHNKA -
forue nmoauMepHbie ceTKu (BITC) Ha ocHOBE mmomype-
TaHOB, STTOKCUIHBIX CMOJI ¥ aKPWJIATOB, MOTUMDUIIMPO-
BaHHBIX B XUIKOM (hase HaHodacTuuamu SiO,, TiO, uin
JIpyrumu okcraamu MeTtauioB [40]. Ba3oBbIM eMeHTOM
TEXHOJIOTUH SIBJISTIOTCS Pa3BETBIICHHBIC (ICHIPOBUIHEIC)
aAMHMHOCHWJIAHBI, KOTOPBIC CIIY>KAT OTBEPKIAIOIINM arcH-
TOM IIJISI MHOTHX oJIiToMepoB. OHM ITO3BOJISTIOT MHTPO-
IYIIIPOBATh CHJIOKCAHOBBIE (PPAarMEHTHI B CTPYKTYPY
SITOKCUAMUHOBOU KOMITO3UIINH, a JOIIOJHUTEIHHBIN
TUIPOJIN3 aMUHOCUJIAHOBOTO OJINTOMEpa — IOJIyIUTh
BTOPUYHBIN HAHOCTPYKTYPUPOBAHHBIN CETIATHIN ITOJIH -
Mep, KOTOPHI CYIIIECTBEHHBIM 00pa30M ITOBBIIIAET SKC-
TUTyaTallMOHHBIC XapaKTepUCTUKHM KoOMIayHaa. Takme
HaHOMOIU(PHUIIMPOBAHHBIC IIOJTMMEPHBIC CETKI CO3MAI0T
YHHUKAJIBHYIO BO3MOXKHOCTD YIIPaBICHUS MUKPO- 1 Ha-
HOCTPYKTYPHBIMH XapaKTePUCTUKAMI HOBBIX KOMIIO3H-
IIMOHHBIX MaTepHajIoB. JIByXKOMITOHEHTHBIN KOMITAyHT
00BEIMHSIET BBICOKHE MEXaHMICCKIE XapaKTEPUCTUKH

TIOJINypeTaHa U XMMUYECKYI0 CTOMKOCTh SITOKCUIHOTO
cBsI3ytomIero. PaspabotaHHble pa3BeTBICHHEIC ICHIPOA-
MMHHBIC OTBepIUTEIIN SIBJISTIOTCS HOBBIM HaIIpaBJICHUEM
B XMUMUYECKON TEXHOJOTUHN MUKIOKapOOHATOB, SITOK-
CUIHBIX M aKpUIOBBIX cMOJI [41]. [TormMepHBIe HAHO-
KOMIIO3UTHI HOBOTO KJIacca SIBJISTIOTCST 9KOJIOTHIECKU
YUCTBIMU MaTepuajgaMu, He COlepKallluMU BpeIHbIE
WJIN JICTY9re KOMIIOHEHTEHI.

B pa6ote [42] uccnemoBaHbI CBOICTBA 1 pa3paboTaHa
TEXHOJIOTHS TIPON3BOICTBA HOBBIX KOMIIO3UIIMOHHBIX
MaTeprajIoB M KOMIIAyHIOB HAHOTETEPOTeHHOM CTPYKTY-
PbI, OCHOBaHHAsI Ha UCITOJIH30BAHNH SITOKCUIHBIX CMOJT,
KHMIKOTO KaydyKa, aMIHHBIX OTBEpIUTENICH 1 (hTOPCO-
IepKalIix IMTOBEPXHOCTHO-aKTUBHBIX BelecTB. [1ory-
YeHHBIC HAHOCTPYKTYPHUPOBAHHBIC STTOKCUKAYIYKOBEIC
TTOKPBITHS TSI OCTOHHBIX 1 3KeJIe3006 TOHHBIX KOHCTPYK-
LW pe3KO YMEHBINAIOT UX 1e(hOpPMaTUBHOCTH IIPH Kpa-
TKOBPEMEHHOM M JJTUTEILHOM IeHCTBUM HATPY3KH. 3a-
IIATHBIC STTOKCUKAYIYKOBBIC TIOKPHITHSI 00CCITICINBAIOT
yBeJIMICHUE TIPOYHOCTA OETOHA HA pPacTsKeHUE TP
M3rube B IBa-TPHU pas3a M, CIIeAOBATEIHLHO, TTIOBBIIIAIOT
€ro TPEIIMHOCTONKOCTh. OHU 00JIamafoT XOPOIIeH X1-
MHUYECKON CTOMKOCTBIO, BHICOKMMH MEXaHUIECKIMU
XapaKTePUCTUKAMU U TEPMOCTOMKOCTBIO.

Ha pwerHKe KpacoK M IOKPBITHM IIPEACTaBICHO
MHOECTBO UTPOKOB, OBa U3 KOTOphIX — Akzo Nobel
n PPG — 3aHMMAaOT MOYTH YeTBEepTh phIHKa. U3 npy-
WX KPYITHBIX TIPOM3BOIUTENICH TOCTATOYHO YITOMSHYTh
Sherwin Williams, Dupont u BASF (ot 7 no 4%). I1ou-
TH BCE OCHOBHBIC TTPOM3BOIUTEIN KPACOK 1 TIOKPHITHI
Pa3BUBAIOT IIPOU3BOICTBO HAHOTEXHOJOTUUECKOM TIPO-
IYKIINY, 3aKyTas Ha CTOPOHE HAHOKOMITOHEHTEHI, M He
3aHUMAIOTCST TUCTpuOyLHeit. MckimroueHre cocTaBisieT
Sherwin-Williams, Tak Kak KOMITaHUS BJIAZieeT TAKKe Ce-
110 DIY. M3 MHOTOUYMCIIEHHBIX KOHKPETHBIX ITPOIYKTOB
MOXXHO BBIICIUTD (hacamHyIo KPacKy C TPSI3e0TTaIKU-
BatomuMu cBoiictBamu Herbol Symbiotec mpousBo-
ctBa Akzo Nobel, cucteMy IpoIyKTOB IO TEXHOJIOTUH
Nanoguard (BEHR), cucremy 3a1iuThl MOBEpPXHOCTEN
OT 3arpsI3HEHUN ¢ TIePMaHEHTHBIM 3((EKTOM 3aITUThI
oT TpachGUT Ha OCHOBE HAHOCTPYKTYPHUPOBAHHBIX T10-
JIMypeTaHaKpUIaTHBIX KoMmIto3uToB (MC Bauchemie),
IIMPOKYIO FaMMY HOKPBITUIA, KPACOK C BLICOKOM aare3neit
10 METaJITy, YepeITHIie, OETOHY, CTEKITY M YHUKAJTEHBIMIA
XapaKTepUCTUKAMHU I10 9HEeProcOepeKeHNIO, TPSI3e0T-
TaJKWBAHUIO, 3aIlIUTE OT OTHSI U BJIATH 10 TEXHOJIOTHH
Nansulate (Nanotechnic) [43]. HoBble TeHIeHIINM, OKa-
3BIBAIOIINE HEIIOCPEICTBEHHOE BIMSHIEC Ha TUHAMUKY
Ppa3BUTHST HAHOMHIYCTPUH, BKITIOUAIOT B Ce0sI HAHOCTPYK-
TYPUPOBAHHOE ITOKPBITHE TSI TTPOGUIAKTIKI OMOTLIC-
HOYHBIX MH(MEKINI 1 pa3pab0TKy HAHOIIOKPBITHI TSI
BOIOHETIPOHUIIAEMBIX MOOMIILHBIX YCTPOIICTB.

W3 npyrux yyaCTHUKOB PbIHKA HAHOTIOKPBITUIA CJie-
IyeT BeIaeuThb ObicTpo pactyime CTC Nanotechnology,
Theta Chemicals, Advenira Enterprises, Inframat,
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Nanogate, AdMat Innovations, Nanophase Technologies,
Tesla NanoCoatings [8].

I'oBopst 0 poccuiickom pbIHKE, €ro JUIEP B CErMEH-
Te TTOKPHITUIA 1 KpacoK — ¢uHcKas Tikkurila — He mme-
€T JIMAUPYIOLIUX MUPOBBIX MO3ULIMIA IO HAHOTEXHOJIO-
TMYECKUM NpoayKraM. EqMHCTBEHHBIN 31€6Ch MUPOBOA
JIMZIEP C CYILLEeCTBEHHBIMU Mo3uliusMu B Poccun — Akzo
Nobel.

HanookpamnBaHue MOXeT ObITh TPOU3BEAECHO
C TMpeaeibHOW TOYHOCTHIO ¢ MOMOIIbIO Mpoliecca,
KOTOpPBI BKJIIOYAeT B ce0s1 aTOMHbIE CTPOUTEIbHbIE
0J10KH, TAE aTOMBI OCaXJAIOTCSI KOHTPOJUPYEMBIM 00-
pa3oM, YTOOBI MOJYYUTH CIO0M, KOTOPBII paBHOMEPHO
COOTBETCTBYET KaXI0H OTIEJIbHOI OCOOEHHOCTHU T0-
BEPXHOCTH.

3a cuer Bce OoJiee MMPOKOTO MTPOHNKHOBEHUS Ha-
HOTEXHOJIOTMYECKUX CTPOMMATEPHUAJIOB B CTPOUTEIBHYIO
oTpacJb, a TaKXKe KOMMOJIUTU3ALIUY MTPOU3BOACTBA Ha-
HOKOMITOHEHTOB CETMEHT ITPOM3BOICTBA CTPOUTEIbHBIX
MaTepuaJioB, B LI€JIOM, U TIOKPBITUI, B YACTHOCTU, OyAeT
pacTu ObICTPEE OCTAJIbHBIX.

Boo061ie roBops, yxectoueHue peryJaupoBaHUS
IO OXpaHe OKpYKalolIel cpeabl — IJIaBHBIN ApauiBep
MOIYJISIPU3alIM1 HOBBIX HAHOTEXHOJOTMYECKUX CTPOU -
TeJbHbIX MaTepuaioB. [1oBbIlIEHME BHUMAHUSI MUPOBO-
TO COODIIIECTBA K ITPOOJIEMe YCTOMUMBOTO pa3BUTHS [44]
orpeesieT BBeeHEe HOBbIX HOpPMATUBHBIX TPeOOBaHUI
B CTpouTeIbHOM oTpaciau. [Tpyu 3ToM OCHOBHOM aKIIeHT
JenaeTcs Ha cokpaiueHue BeiopocoB CO,, sHeproad-
(eKTUBHOCTb, CHUXEHME 3aTPSIBHEHHOCTU BO3IyXa.
CyIIecTBeHHYIO POJIb B KOMMEPIINAIN3AlINN UTPAIOT
TaKKe S9KOHOMHUUYECKHE (haKTOPBI — YBEIMICHHIE CPOKa
CJTyXXOBbI 3JaHWI COOPYKEHUIA, NCTIOJIb30BAHKE MEHbIIIE-
TO KOJIMYECTBA CTPOUTEIbHBIX MAaTEPUAJIOB, OOJIErYeHUE
00Cy>XKMBaHUS, COKpAILlEHUE CPOKOB CTPOUTEIbCTBA.
Bce 310, B TOV MM MHOI CcTereHu, obecrieunBaeTCs
npuMeHeHueM 2((HEKTUBHBIX HAHOTTOKPBITHIA.

HecmoTpst Ha BbICOKME HavyaJlbHble MHBECTULINU
B MPOM3BOACTBO, HEOOXOAMMOCTD CJIeTOBaHUS TTPUH-
IUITaM YCTOMYUBOTO Pa3BUTHS [45] MOXET BBI3BATh CY-
11IECTBEHHOE YBeJIMYeHUE OOBEMOB IMMPUMEHEHMST HOBBIX
MaTepUayioB ¢ YYETOM 3HAYMTEJbHOIO CHUXKEHUS pac-
XOJIOB Ha OCHOBE aHAJIM3a MOJIHOTO XKM3HEHHOTO 1IMKJIa
3MaHus. 3aMHTEPECOBAHHOCTD B COXPaHEHUN OKPYKa-
IOLIEH cpenbl SIBISIETCS BaXKHBIM JpaiiBEpOM IIJIsI MPO-
HUKHOBEHUS MHHOBALOHHBIX MAaTEPUAJIOB.

PocT cripoca Ha MTHHOBALIMOHHYIO MPOAYKIIMIO B MO-
clieqHee BpeMsi OOYCIOBJIEH U U3MEHEHUSIMU B o0pase
JKM3HM HaceJleHusl, TEHIEHLIMHU K 00JblIeMy KoMdopTy
1 (PYHKIMOHAIBHOCTH XUJIbIX ToMeIneHuit. Otpene-
JIeHHas KaTeropust HaceneHus EBponsl 1 CeBepHOI
AMepuKH TpeOyeT MOBBIILIEHUS 9KOJOTUYHOCTU 3NaHUI
M TOTOBA OIJIAYMBATh UX TPEMUAJIBHYIO CTOUMOCTD.

BHenpeHue yxecToueHHbIX TPUPOIOOXPAHHBIX HOPM
¥ HOPM T10 SHEeprosMheKTUBHOCTH MOXET CYIIICCTBEHHO

ImoaaepXaTh CIIPOC Ha HAHOTEXHOJOTMICCKIE CTPOU-
TeJbHBIC MaTePUAJIEI.

C coxajeHUEeM IIPUXOIUTCSI KOHCTaTUPOBATh, UTO
B Poccnumt 3TOT phIHOK BO BCEX CBOMX COCTABIISIIOIINX
daxkTUUecKH IoKa OTCYTCTBYeT. IIpexkme Bcero, aTo
CBSI3aHO TEM, YTO CIIPOC HAa HAHOTEXHOJOTUYCCKYIO
MIPOIYKIINIO, KaK CO CTOPOHBI TOCYAAPCTBA, TaK M CO
CTOPOHBI YaCTHBIX IMOTpedbuTeneit, MuHNManeH. CTpo-
WUTEN, B OCHOBHOM, HE 3HAKOMBI ¢ THHOBAIITIOHHBIMH
MaTepHaiaMi 1, KakK IIPaBUJIO, He UIIYT X Ha PBIHKE,
a TIPOM3BOIUTEIIN HE UMEIOT JOCTATOYHOTO KOJIMYECTBa
CITeIIMATN3UPOBAHHBIX TIPON3BOICTBEHHBIX MOIITHOCTEH
Ha Tepputopuu P®. B pesynbrate, HecMOTps Ha CyIIIe-
CTBOBaHME psifa ApaiiBepoB, KOTOPEIC IIPEIOCTABIISTIOT
BO3MOXXHOCTH Pa3BUTHUsS PBIHKA, MMEET MECTO PsIT He-
TaTUBHBIX (PaKTOPOB, KOTOPBIE 3TOMY IIPEITSITCTBYIOT.

C Hamre#t TOYKM 3peHUSI, CONECHCTBOBATD PA3BUTHIO
pPBIHKA HAHOTEXHOJOTMIHBIX CTpoitMaTepuraaoB B PD
OyIyT peaqmu3anns HallMOHAJILHBIX ITporpaMM «Oo6e-
CIIEYeHUE TOCTYITHBIM ¥ KOM(OPTHBIM XITHeM 1 KOM-
MyHaJTbHBIMU yciIyramu rpaxaaH Poccuiickoit Dene-
panumn», «OxXpaHa OKpyXKatoleil cpenbl» n «Pa3Butue
TPAHCIIOPTHOM CHUCTEMBI», 3aJaY TTOBHIIICHUS SHEpP-
o3 (HEeKTUBHOCTA 3KOHOMUKH ¥ KOMMEPIIHAT3aIIIs
WHHOBAIIMOHHOM AESITeTbHOCTH.

JeiicTBUTEIbHO, MAaCIITAOHBIC TIJIAHBI TIPABUTEIb-
CTBa 1O BBEICHMIO B AKCIUTYaTAllMI0 HOBOTO KWIIbS
1 JOPOKHOM MH(MPACTPYKTYPHI, aMOMIIMO3HBIEC TIPOCK-
THI OCBOCHUSI APKTHKH M 00CCITCUCHNST HAITMOHAIBHOM
0e30MMacHOCTH JOJIKHBI IIPUBECTU K POCTY MHIYCTPUH,
B IIEJIOM, a TaKXKe K TTOBBIIIICHUIO CIIpoca Ha 6osee 3¢-
(eKkTUBHBIC, MTHHOBAIIMOHHEIC CTPOUTEIbHBIC MAaTEPH-
anbl. CerogHs Poccust cyIecTBeHHO OTCTaeT OT Bemy-
IIMX MAPOBBIX CTPaH II0 TTOKA3aTelo KIWIOTo (hoHIa
Ha AYIIy HaceJIeHUs: B 2 pasa 1o cpaBHeHUIO ¢ EC
u B 4 pa3za no cpaBHeHnio ¢ CIIIA. C aT0if TOUKHM 3pe-
HUSI, UCITOJIb30BaHNEC HOBBIX TEXHOJIOTUN YBEIMICHUS
ITOJTHOTO XKM3HEHHOTO IIMKJIA M TTOBBIIICHMST KauecTBa
SKM3HHM TOJZKHO ITO3BOJIUTE CYIIECTBEHHO ITPUOIIM3UTHCS
K OOBSIBJICHHBIM OPHUCHTHPAM.

BwMmecrte ¢ Tem, pacTyimee UCITOIb30BaHNE HAHOMATE -
pHAaJIOB BHI3BIBACT OIIPEaeICHHBIC OTIACCHMS 10 TIOBOLY
X 6€30MaCHOCTH TSI 3MOPOBBST YEIOBEKa M OKPYKalo-
et cpeapl. B HacTosiee BpeMsl CyLIECTBYET Psifl ce-
PBE3HBIX HEOIIPeACICHHOCTEH 1 IPOOESIOB B 3HAHMSX
B OTHOIIICHWUH TTOBEICHNSI, XMMIUECKNX 1 OMOJIOTHYe-
CKHX B3aMMOJIEICTBIIT M TOKCUKOJIOTMIECKIX CBOMCTB
HaHoMaTepuaiioB [46 - 49]. K coxanieHuI0, MaJIOBEpOSIT-
HO, 4TO BCE OHU OYIYT pa3pelleHbl B OJvKanieM oyay-
IIeM, TTIOCKOJIBKY MX YCTpaHeHHeE TTOTPeOyeT OOIBIIIOTO
00BbeMa CIIOXXHBIX SKCIIEPUMEHTAIBLHBIX padOT 1 BHI-
paboOTKM HOBBIX 0a30BbIX 3HAaHUI. BaxxHo 1pu 3TOM
VIUTHIBATh BeCh XXM3HCHHBIN IIMKJI HAHOIIPOIYKTOB,
YTOOBI OOCCIIEUNTh CUCTEMATHIECKOE OOHAPYKEHUE MX
BO3MOXKHBIX BO3mecTBUiA [50—51].
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3AKTIOYEHUE

B HacTosIIICE BpeMsT BO BCeM MUpPE MPOIOJIKAIOTCS
IaJbHEHIITe NcCeIOBaHMSI, HallpaBJICHHBIC Ha YIyd-
IIEHUE CBOMCTB, (PYHKIIMOHAIHHBIX BO3MOXHOCTEH
¥ o0JIacTeil MpUMeHEeHUSI HAHOITOKPBITHIT. DTH MCClIe-
IOBaHMSI BCE eIl HaXOmATCs B (paze HEIIPEPBIBHOM 3BO-
JIIOIINN, €CIT He PEBOJIOLINH, XOTS YK€ CETOIHS, ITyTeM
WCITOJIb30BAaHUSI HAHOIIOKPBITUI CAMOTO Pa3IMIHOTO
BHUIA M MEXaHW3Ma IeUCTBUSI, MOXKET OBITh JOCTUTHYTA
CyIIecTBeHHAs] MOIM(PUKAIINS CBONCTB ITOBEPXHOCTH
VT BEIIECTBA B COOTBETCTBUM C 3aJaHHBIMH ITOJTh30Ba-
TejeM mmapaMmerpaMu. CiemyeT oxXuaaTh, 9YTO Hanbdojee
3HAYMMBIM (DYHKIIMOHAJIOM HAHOTEXHOJIOTMIECKOII TTpO-

IYKIIUU B OJI¥Kaiiiiee BpeMs B CEeTMEHTE KPacoK U T10-
KPBITHIT OYIET SIBIISITHCS IIOBBITIICHUE WX TOJITOBEYHOCTH.

CosgaHne 1 aKTUBU3ALNS OeITeTbHOCTH B Poccnm
WHCTUTYTOB Pa3BUTHSI, KOTOPHIC TTPOIBUTAIOT MHHOBA-
IIMOHHYIO TIPOIYKIINIO, CONCHCTBYIOT OPraHU3aINU €¢
IIPOU3BOACTBA W TIPUMEHEHUS B PA3TMUHBIX OTPACISX,
B TOM YHCJIC B CTPOUTEIIBCTBE, HECOMHEHHO, TIOBJICUCT
3a c00O0i1 TTOSIBIICHIE HOBBIX CTPOUTEIHHBIX MAaTePUAJIOB,
KOTOpHBIC 00ecTeyaT JOCTIKeHUE TTOCTaBICHHBIX HAIlH-
OHAJIBHBIX 1IeJieil. COBpeMEeHHBIN TIPOTPECC B 00JIACTH
HAHOTEXHOJIOTHI TTO3BOJISICT HAACATHCS, UTO YKe B Ha-
CTYIIMBIIIEM JCCSTIJICTUM MHOTHE 3aJau, Ha CCTOMHS
TIpEICTABIISTIONINECS (PaHTACTUICCKIMU, OYIYT YCITCIITHO
pEIICHBI.

CIIUCOK JINTEPATYPbI

1. Manuneuxuii I'. I'. MonepHuzauus — Kypc Ha VI texHonoruueckuii ykian // Ipenpuntel MIIM um. M. B. Kenapia. — M.,
2010. — Ne 41. — C. 16—19.

2. Zhu, W., Bartos, P.J.M., Porro, A. (eds.): Application of Nanotechnology in Construction. Mater. Struct. 37, 649—659 (2004).

3.1SO 4618:2014. Paints and varnishes — Terms and definitions.

4. Saji V.S., Cook R. Corrosion Protection and Control Using Nanomaterials. Woodhead Publishing. Cambridge, UK, 2012, 424 p.

5.Li L., Yang Q. (eds.): Advanced Coating Materials. Scrivener Publishing LLC, Wiley & Sons, Inc., Beverly, MA, USA, 2019, 523p.

6. TOCT 9.072-2017 Enunas cuctema 3anuthbl ot Kopposuu u crapeHust (EC3KC). [MokpeiTust 1akokpacodHbie. TepMUHBI 1 OTTpe-
NeJICH NS,

7. Nanocoating Market Report: Trends, Forecast and Competitive Analysis. Research and Markets. Lucintel. January 2018, 59 p.

8. Global Nanocoatings for Building and Construction Market Report 2020. Market.US. 2020, 138p.

9. Construction Paints and Coatings Market — Global Industry Analysis, Size, Share, Growth, Trends, and Forecast 2013—2019.
Transparency Market Research, NY, 2013.

10. Wang Z., Han E., Ke W., Influence of nano-LDHs on char formation and fire-resistant properties of flame-retardant coating.
Prog. Org. Coat, 53(1), 2005, pp. 29—37.

11. Wang Z., Han E., Ke W., An investigation into fire protection and water resistance of intumescent nano-coatings. Surf. Coat
Tech., 201(3), 2006, pp. 1528—1535.

12. Wang Z, Han E., Liu F., Ke W., Fire and corrosion resistances of intumescent nano-coating containing nano-SiO, in salt spray
condition. J Mat Sci Tech, 26(1), 2010, 75—81.

13. Barna E., Bommer B., Kgisteiner J., Vital A., et al., Innovative, scratch proof nanocomposites for clear coatings. Composites.
Part A: Applied Science and Manufacturing, 36(4), 2005, 473—480.

14. Quagliarini E., Bondioli F., Goftredo G.B., Licciulli A., Munafo P., Smart surfaces for architectural heritage: preliminary results
about the application of TiO2-based coatings on travertine. J. Cult. Heritage, 13(2), 2012, 204—209.

15. Quagliarini E., Bondioli F., Goffredo G.B., Cordoni C., Munafo P., Self-cleaning and de-polluting stone surfaces: TiO, nanoparticles
for limestone. Const. Build. Mat., 37,2012, 51-57.

16. Munafo P., Quagliarini E., Goffredo G. B., Bondioli F., Licciulli A., Durability of nano-engineered TiO2 self-cleaning treatments
on limestone. Const. Build. Mat., 65, 2014, 218—231.

17. Rabea A.M., Mohseni M., Mirabedini S.M., Tabatabaei M.H., Surface analysis and anti-graffiti behavior of a weathered
polyurethane-based coating embedded with hydrophobic nanosilica, Appl. Surf. Sci., 258(10), 2012, 4391—4396.

18. Montemor M.F., Functional and smart coatings for corrosion protection: A review of recent advances, Surf. Coat Tech., 258,
2014, 17-37.

19. Koch K., Ensikat H. J. The hydrophobic coatings of plant surfaces: epicuticular wax crystals and their morphologies, crystallinity
and molecular self-assembly, Micron, 39(7), 2008, 759—772.

20. Kumar D., Wu X., Fu Q., J.W.C. Ho, Kanhere P.D., Li L., Chen Z., Hydrophobic sol—gel coatings based on polydimethylsiloxane
for self-cleaning applications, Mat. Design, 86, 2015, 855-862.

21. Caldarelli A., Raimondo M., Veronesi F., Boveri G., Guarini G., Sol—gel route for the building up of superhydrophobic
nanostructured hybrid-coatings on copper surfaces, Surf. Coat Tech., 276, 2015, 408-415.

22. Wang H., Chen E., Jia X., Liang L., Wang Q., Superhydrophobic coatings fabricated with polytetrafluoroethylene and SiO,
nanoparticles by spraying process on carbon steel surfaces. Appl. Surf. Sci., 2015. 349; pp. 724—732.

23. Nakajima A., Miyamoto T., Sakai M., Isobe T., Matsushita S., Comparative study of the impact and sliding behavior of water
droplets on two different hydrophobic silane coatings. Appl. Surf. Sci., 292, 2014, 990—996.

24. Lafuma A., Quéré D. Superhydrophobic states, Nat. Mat., 2(7), 2003, 457—460.

25. Muzenski, S., Flores-Vivian, 1., Sobolev, K. Hydrophobic engineered cementitious composites for highway applications. Cement
and Concrete Composites, 2015; v. 57, pp. 68—74.

http://nanobuild.ru 10 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2021;13(1):
HaHoTexHONorum B cTpouTtenbCcTBe 5-11

MPUMEHEHUE HAHOMATEPUAJIOB U HAHOTEXHOJIOIMW B CTPOUTE/IbCTBE

26. ®anukman B.P., Co6osnes K.T'. «[TpocTop 3a npenenom», Win Kak HAHOTEXHOJOTMKM MOTYT U3MEHUThL MUp OeToHa // HaHotex-
HOJIOTMU B CTPOUTENbCTBE: HayyHbIii MHTepHeT-KypHan. — M. —2011. —Ne 1. — C. 21-33. — T'oc. peructp. Ne 0421100108. — URL.:
http//www.nanobuild.ru (nara oopamenus: 15.01.2021).

27. ®anukmat B.P., Baithep A.51. @oTokaTtaauTHyecKy akTUBHbBIE CTPOUTEIbHbBIE MaTepUasibl C HAHOYACTULIAMM TUOKCHIA TUTAHA —
HOBasi KOHLICITIUST YJIYYIIIeHUsT 9KOJorun MeramnoyincoB // COOpHUK ITOKJIAA0B YUaCTHUKOB KPYIJIOro crosia «Borpockl mpuMeHeHust
HAHOTEXHOJIOTUI B cTpouTesbeTBe» — M.: MI'CY, 2009. — C. 35—49.

28. Karlessi T., Santamouris M., Synnefa A., Assimakopoulos D., Didaskalopoulos P., Apostolakis K., Development and testing of
PCM doped cool colored coatings to mitigate urban heat island and cool buildings. Buil. Env., 46(3), 2011, 570—576.

29. Memon S.A., Phase change materials integrated in building walls: A state of the art review, Renew Sust. Ener. Rev., 31, 2014,
870—-906.

30. Ismail K.A., Salinas C.T., Henriquez J.R., Comparison between PCM filled glass windows and absorbing gas filled windows. Ener.
Build., 40(5), 2008, 710—719.

31. Entrop A.G., Brouwers H.J.H., Reinders A.H.M.E., Experimental research on the use of micro-encapsulated phase change materials
to store solar energy in concrete floors and to save energy in Dutch houses, Sol. Ener., 85(5), 2011, 1007—1020.

32. Deb S.K., Opportunities and challenges in science and technology of WO3 for electrochromic and related applications, Sol. Ener.
Mat. Sol. Cel., 92(2), 2008, 245—258.

33. Grangqvist C.G., Lanseker P.C., Mlyuka N.R., Niklasson G.A., Avendano E., Progress in chromogenics: new results for
electrochromic and thermochromic materials and devices, Sol. Ener. Mat. Sol. Cel., 93(12), 2009, 2032—2039.

34. Baetens R., Jelle B.P., Gustavsen A., Properties, requirements and possibilities of smart windows for dynamic daylight and solar
energy control in buildings: A state-of-the-art review, Sol. Ener. Mat. Sol. Cel., 94(2), 2010, 87—105.

35. Grangyvist C.G., Oxide electrochromics: Why, how, and whither, Sol. Ener. Mat. Sol. Cel., 92(2), 2008, 203—208.

36. Jayaweera P.M., Kumarasinghe A.R., Tennakone K., Nano-porous TiO, photovoltaic cells sensitized with metallochromic
triphenylmethane dyes:[n-TiO,/triphenylmethane dye/pI-/13-(or Cul)], J. Photochem. Photobio (A: Chemistry), 126(1), 1999, 111-115.
37. Photovoltaic (PV) system, Retrieve Sep 6, 2015, http://www.sandiego.gov/development-services/graphics/components.jpg.

38. Patel Abhiyan S., Hiren A.R., Sharma D.N., An overview on application of Nanotechnology in construction industry. Int. J. Innov.
Res.Sci. Eng. and Tech., 2(11), 2013. pp. 6094—6098.

39. Whitesides G.M., Grzybowski B., Self-assembly at all scales. Science, 295(5564), 2002, 2418—-2421.

40. ®urosckuii O.J1., beitnuu 1.A., [ToHomapeB A.H. Ycnexu npuMeHeHHsI HAHOTEXHOJIOTUI B CTPOUTEIbHBIX MaTepuanax // Ha-
HOTEXHOJIOTUU B cTpouTesbeTBe. — 2012, — No 3. — C. 6-21.

41. Figovsky O., Shapovalov L., Buslov F., Blank N. Nanostructured Hybrid Nonisocya—nate Polyurethane Coatings // International
Conference «Nano and Hybrid Noniso—cyanate Polyurethane Coatings». Manchester, UK. 2005. P. 4/1—4/10.

42. Blank N., Figovsky O. Epoxy-Rubber Coatings with Nanoheterogenic Structure. Paint Industry (in Russian). Moscow. 2009.
Ne 10. P. 14—16.

43. T'yce b.B., ®anukman B.P., JlaiictHep L. u ap. OTpaciieBoe TeXHOJOTHYECKOE ccienoBaHme « Pa3zBuTre poccuiickoro pblHka
HaHOTEXHOJOTUYECKHUX MPOAYKTOB B CTpouTeSibHOM oTpaciu a0 2020 roga». Yactb 2 AHaiM3 MUPOBOTO phiHKa // HaHoTexHomornn
B cTpoutenibeTBe. — 2013, — Tom 5, Ne 2. — C. 6—20. — URL: http://nanobuild.ru/magazine/nb/Nanobuild_2 2013.pdf.

44, T'yces B.B., ®anukman B.P. betoH u xkene306eToH B 31oxy ycroitunsoro pasputust // TII'C. —2016. — Ne 2. — C. 30 — 38.

45. ®anukman B.P. GLOBE — HoBast ”HULIMaTUBA NPOMUIBHBIX MEXKIyHAPOIHBIX OPraHM3alKil B 001aCTH YCTOMYMBOTO CTPOM-
TenbeTBa // betoH u xkene3o6etoH. —2020. —Ne 2 (602). — C. 3—7.

46. Wiesner, M. R., Bottero, J. Y. Environmental nanotechnology. Applications and Impacts of Nanomaterials, 2007. pp. 395—517.

47. Calkins M., Materials for sustainable sites: a complete guide to the evaluation, selection, and use of sustainable construction
materials, John Wiley & Sons, 2008.

48. Aschberger K., Micheletti C., Sokull-Kleittgen B., Christensen F.M., Analysis of currently available data for characterising the risk of
engineered nanomaterials to the environment and human health-lessons learned from four case studies, Env. Int., 37(6), 2011, 1143—1156.

49. Hester R.E., Harrison R.M. (Eds.), Nanotechnology: Consequences for human health and the environment (Vol. 24). Royal
Society of Chemistry, 2007.

50. Nowack B., Bucheli T.D. Occurrence, behavior and effects of nanoparticles in the environment, Env. Pollut., 150(1), 2007, 5—22.

51. Upadhyayula V.K., Meyer D.E., Curran M.A., Gonzalez M.A. Life cycle assessment as a tool to enhance the environmental
performance of carbon nanotube products: a review, J. Clean Prod., 26, 2012, 37—47.

MHOOPMALMA Ob ABTOPAX

GMannkmaH Bayecnas PyBuMoOBMY, JOKTOP MaTepuanoBeaeHns, pykoBoamTesb LieHTpa HayYHO-TEXHNYECKOro CONPOBOXAEHNSA
CNOXHbIX 06bEKTOB CTpOUTENbCTBA HayuHo-1cCnenoBaTenbckoro MHCTUTYTa 6eToHa 1 xenesobetoHa nm. A. A. F'Bosgesa (HUWXB),
rnaea poccuiickon HaunornansHom generauuu B ®UB, NMoyeTHbIN Noxun3HeHHbIN uneH ®UB, pernoHanbHbin npeactasutens RILEM
B BoctouHon EBpone n LeHTpanbHom A3un, HaumoHanbHbin generat RILEM, MNMoueTHbii uned PUJTEM, uneH AMepuKaHCKoro
nHctuTyTa 6etoHa. ORCID: https://orcid.org/0000-0001-6232-9862; e-mail: vfalikman@yandex.ru

ABTOpbI 3aABAAIOT 06 OTCYTCTBMMN KOH(IMKTa MHTepecoB.

Cmames nocmynuna e pedakyuio: 22.01.2021.
Cmames nocmynusa 8 pedakyuio nocsie peyeHsuposaHus: 05.02.2021.
Cmamesa npusama K nybnukayuu: 07.02.2021.

http://nanobuild.ru 11 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2021;13(1):

HaHoTexHonorum B cTponTenbcTee 12-17 NanObL" ]

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

DOI: 10.15828/2075-8545-2021-13-1-12-17

Article type: Review article

Methodological tools for university transfer of high-demand
nanotechnologies to the regional building industry

U.Sh. Shayakhmetov’, A.A. Larkina? R.M. Khalikov*? (2}, D.A. Sinitsin? (2}, I.V. Nedoseko?

' Bashkir State University, Ufa, Russia
2 Moscow State University of Technologies and Management, Moscow, Russia
3 Ufa State Petroleum Technological University, Ufa, Russia

* Corresponding author: e-mail: rauf_khalikov@mail.ru

ABSTRACT: Introduction. The development of methodological monitoring tools to implement building nanomaterials into pro-
duction is an integral element of designing a mechanism for effective management of the development of business structures.
University entrepreneurship and research and educational centers in the ecosystem trend are considered as central actors in the
process of creating tools for university transfer of nanobinders for construction purposes. Methods and materials. The process
of forming digital competencies among students and teachers in the process of commercialization of scientific developments of
a construction university (institute, faculty, department) should be considered as the result of fractal interactions. The development
of the innovative ecosystem of the university is achieved by the effective implementation of the process of transferring the results
of intellectual activity for the creation of gypsum and ceramic nanocomposites, which are in demand by the regional construction
industry. Results. The intellectual and technological potential of universities that train bachelor’s and master’s students for the
construction industry determines the prospects for the successful development of the industry in an innovative society. Accelerated
promotion of investment developments, requested nanotechnologies of universities, provides universities with additional extra-
budgetary funding. On the example of the development of technology for producing small-piece wall and partition products based
on nanostructured gypsum binders, they were tested in experimental industrial conditions. Discussion. Effective methodological
tools for the transfer of nanotechnological university engineering to the construction industry are: the creation of basic departments
at enterprises and the successful functioning of research and educational centers, the participation of employers in educational and
industrial practice, etc. From the point of view of laborious commercialization and transfer of scientific developments, the effective
way from the idea to the widespread introduction of high-tech products is the real application of the intellectual potential of the
teaching staff of the university, institute, departments. Conclusions. The engineering of methodological tools for reliable monitor-
ing of the attractiveness of the regional business ecosystem for the generation and development of transfer processes of popular
nanomaterials is an integral element of designing a mechanism for effective management of business structures in construction.
Due to the formation of the innovative ecosystem of the university, an effective implementation of the process of commercializa-
tion of the results of intellectual activity in the field of nanotechnology, which are in demand by the construction industry of the
region, is achieved.

KEYWORDS: commercialization of nanotechnologies, transfer of intellectual activity, nanostructured gypsum products, ceramic
nanocomposites.
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INTRODUCTION In the current complicated conditions and instability

of interstate agreements, the use of the latest elaborations
he use of the cutting-edge achievements of break- of scientists and engineers, as well as the introduction
through nanotechnological projects gives a strate- of inventions, is an important success factor, contributes

gic advantage to the state and private business in case  to the effective solution of the problems of import sub-
if innovations are applied in the construction industry. stitution and increasing labor productivity in construc-
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tion [1]. At the same time, a significant part of the results
of research activities of construction universities, as well
as required nanotechnology projects, remain unimple-
mented in practice and do not generate income due to
the weak development of organizational and economic
transfer mechanisms. In this regard, the search for in-
novative solutions to increase the efficiency of commer-
cialization of nanotechnology innovations, taking into
account the needs of the state and business in the regional
construction industry, is still of great importance.

This article is aimed at testing the ecosystem approach
in the transfer and commercialization of scientific projects
in demand by the building industry of nanotechnology.

MATERIALS AND METHODS

The current challenges the Russian Federation is fac-
ing have worsened in the context of the coronavirus pan-
demic. That is why intensive search for trends in the full-
scale modernization of the regional and all-Russian
building industry is so urgent and burning. Our state can
preserve the “ecological niche” in the accelerated con-
struction of the XXI century only by commercialization
and expansion of the entrepreneurial sector of university
science: the correlation between the effectiveness of re-
search and development work and the gross domestic
product is quite high » = 0.99 [2]. Only an integrated ap-
proach to each stage of the transfer: from creating new
business ideas and evaluating commercial potential [3]
to forecasting the scientific and technical development
of industries and implementing the development of tech-
nological strategies of construction companies leads to
success.

The formation of the infrastructure to support the in-
novation activities of Russian universities is carried out
within a number of organizational forms: science and
technology parks, technology commercialization centers,
small innovative enterprises, research and educational
centers of universities, institutes, etc. Today the forma-
tion of a productive transfer, which is a tools

the business environment of the Russian Federation
there are diverse and multidirectional factors that re-
strain the increase in business activity in the construc-
tion industry. Many potentially developments will not
be identified unless sustainable competitive advantages
and opportunities for their transfer in the construction
industry are provided.

The key issue of modern nanotechnology in the con-
struction industry is the effective transfer of high-demand
development from one market participant to another on
a commercial and non-commercial basis. The trend ap-
proach, based on the entrepreneurial ecosystem of the
construction industry, differs from the cluster approach
in that the main subject is an entrepreneur who is able to
coordinate efforts and resources, and not a construction
company (firm). It should be noted that in the ecosystem
trend, entrepreneurship is considered not only as a part
of the construction industry, but also as a central actor
in the successful functioning of construction organiza-
tions and in supporting the transfer of nanotechnological
projects.

Within the framework of the system approach [5],
the dominant influence is acquired by the environment,
where economically active construction companies in-
teract with each other and with the economic sphere.
To design effective management systems for the transfer
of the results of intellectual activity of universities and
the formation of active entrepreneurship at the regional
level, it is necessary to take into account fractal interac-
tions in the building industry [6].

RESULTS

The ecosystem approach focuses on the geographi-
cal logistics of interconnected construction companies,
service providers and related companies, which, while
competing with each other, also interact in the format
of cooperation and transfer of research activities of con-
struction universities [7]. In the modern conditions

for overcoming continuous crisis situations,
meets various barriers; at the same time,
the strategy of technological breakthrough
provides a dynamic start for competitive sec-
tors of the Russian economy. Effective solu-
tion of such an urgent task is impossible with-
out the involvement of academic high-tech
science, because it is practical transfers that
act as points of growth of the construction
industry.

The calculated indicator of the specific

f Economic profit

Financing

—

Business
(building sector)
Support and
partnership
Knowledge transfer
and technologies
University

(institute, department)

volume of business entities among small
and medium-sized businesses in 2010—2015
indicates that only about 70% are engaged
in real activities [4]. This means that in

Fig. 1. Interactive and fractal interaction of the state, business
and universities in the framework of commercialization of claimed
technologies in the building industry
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of transformation of post-industrial
society, methodological tools for com-
mercialization and transfer of university
nanotechnologies to the construction
industry are being formed (Fig. 1).

The development of methodologi-
cal tools for monitoring the attractive-
ness of the regional business ecosystem
for generating development is an inte-
gral element of designing a mechanism
for effective management of business
development in the building industry.
In this context, it is important to as-
sess the state of the ecosystem in terms
of its attractiveness for the reproduction
(birth) of new high-tech enterprises in the building indus-
try [8]. The interpretation of the ecosystem of university
science and entrepreneurship as an ensemble of social and
economic structures in the region that support the growth
of innovative start-ups contributes to the emergence
of new business structures with a sufficiently high level
of risk.

From the point of view of intensive commercialization
and transfer of scientific developments, the effective way
is the real application of the intellectual potential of the
university, construction institute (faculty), departments;
competence and experience to attract additional funding,
as well as strengthening the functioning of universities as
drivers of technological development of the state. For ex-
ample, the university transfer of high-demand nanotech-
nologies with the participation of professors of the Ufa
State Petroleum Technical University (USNTU) made it
possible to implement (Fig. 2) on the basis of nanostruc-
tured gypsum binders with a size of = 2 nm—100 nm [9]
technologies for producing small-piece wall and partition
products, which were tested in experimental industrial
conditions [10—12].

Higher professional education should provide training
of qualified and mobile specialists for the building industry,
ready to independently and effectively solve emerging prob-
lems [13]. We have identified the effective conditions for
the development of professional compe-
tencies of bachelors and undergraduates
during their studies at the university:
the fractal approach allows lecturers and
students to look at trivial things outside
the box, to adapt to creative thinking.
An important role is played by the com-
mercial component of cooperation be-
tween education < science < technology
[14] with the strengthening of integra-
tion processes within the framework
of scientific and educational centers,
implemented in the Architectural and
Building Institute of USPTU.

Fig. 2. a — Technological production based on nanostructured gypsum
binders; b — pressed partition products

In the innovation center (“Laboratory of Nanotech-
nologies of Cement Systems named after Professors
A.F. Polak and N.H. Karimov”) of the Architectural
and Construction Institute of USNTU, leading spe-
cialists of the department, as well as bachelors, under-
graduates, postgraduates, doctoral students in the field
of development of building materials, research of their
nanostructure and technological properties are conduct-
ing highly-demanded researches. The scanning electron
microscope JEOL JSM-6610LYV is actively used for mi-
croanalysis of nanomaterials at the Department “Build-
ing Structures” of USNTU (Fig. 3); to perform X-ray
diffraction and phase analysis — X-ray diffractometer
D2 PHASER.

DISCUSSION

Each region, including the Republic of Bashkortostan,
has its own unique structure of the regional ecosystem
of construction entrepreneurship, and its effectiveness
in terms of generating development is determined by
the quality of interactive interaction of elements (en-
trepreneurs) of the ecosystem between themselves and
universities. One of the mechanisms for the successful
implementation and transfer of nanotechnology projects
of a construction university (institute, faculty, depart-

Micr Iyss of nanocomp: allows:
v study the morphology of the sample surface;

v massurs the size, shaps, slemental composition
of samples and other parameters of nanoobjects
in the size range from a few centimeters to
nanometers with magnifications vp
to 100000 times and more;

v to stdy the orientation of microcrystals, the
distribution of chemical alements over the area
of the building nanomaterial.

Fig. 3. Scanning electron microscope JEOL JSM-6610LYV with the energy
dispersive spectrometer Oxford Inca Energy
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Quite effective methodologi-

Analysis of the factors that determine the fractal nature of the interaction of R cal tools for the university transfer
university innovation activities with the building industry . y .
= of nanotechnological elaborations to
J L the regional construction industry are:
Influence of internal and external factors ) Reliable identification of thet crea.mon t(f)lf bas;f. er?rtmerflts n
on the process of commercialization of ) nanotechnology project enterpr 1§es, © pa 1c1pa 19n o erp—
university innovations —/ transfer tools ployers in educational and industrial
practice, the development of the uni-
¢ L versity’s innovation ecosystem, etc.
Operational T A thorough analysis of the impact
L er search for options for univer . .

Targeted formation 4 transfer of mnovative nanotechnologies to the of various .factors on the speed 9f lm_
of an array of digital |\ regional building industry plementation and transfer of universi-
databases and ty innovations (Fig. 4) in the building
Feﬂf‘aﬁ‘m s i ,L complex based on the fractal concept
implementation : _

oatort L) I ———— s}.10\.7vs the dynarrpc nature of commer

for the transfer of university nanotechnology cialization algorithms.

v elaborations The quality of innovative activi-
ties of universities in the form of com-
el L mercialization and transfer mecha-
Sustainable formation of a mechanism for promoting demanded nisms should not only be demanded
nanotechnology projects of universities l and controlled, but also motivated.

T

! One of the final stages of a success-
' ful transfer of intellectual activity is

Evaluation of the effectiveness and success of the university transfer
of innovative nanotechnologies to the construction industry

mechanisms against unfair compe-

the formation of internal protective
Correclion'
tition. Interdisciplinary integration

Fig. 4. Dynamics of various factors affecting the speed of introduction of
nanotechnological elaborations of universities in the building industry

ment) is the focus on “regional linking” and the creation
of research-educational centers.

The effective process of transfer and commercializa-
tion of popular nanotechnologies in modern universities
cannot be considered in isolation from their main educa-
tional activity. Educational activities in terms of content
have a synthetic character: it is based on cognitive activity;
students of the Architectural and Construction Institute
of USPTU in the scientific and educational center form
practical competencies. The implementation of innovative
activities through the organization and development of the
transfer of popular technologies to the real construction
industry is an urgent task of domestic universities based on
the results of pilot tests and industrial scaling. Nanomate-
rials (nanosilicon, carbon nanotubes diameter from 1 nm
to 50 nm, ceramic nanocomposites, etc.) and microfillers
were proved to be suitable components for reducing cor-
rosion damage and increasing the durability of building
composites [15—18].

with the features of large-scale intro-
duction of nanotechnology products
for construction purposes [19—23]
promotes the transfer of the future
technological and other activities in
the educational process and the formation of professional
competencies of bachelors and masters of Architecture
and Building Institute of Ufa State Petroleum Techno-
logical University.

CONCLUSION

Thus, the advance of methodological tools for moni-
toring the attractiveness of the regional business eco-
system for generation and development of transfer pro-
cesses of modern nanomaterials is an integral element
of designing mechanism for effective management of the
development of business structures in building. Devel-
opment of the innovation ecosystem in the university
(construction institute, faculty, department) is the way
to effective commercialization of intellectual activity in
the field of nanotechnology, demanded by regional build-
ing industry: i.c., the process of transfer of knowledge
and technology resulted in certain products and services.
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PE3IOME: BBepeHune. Pa3paboTka METOANYECKNX UHCTPYMEHTAapUEB MOHVUTOPWHIA AN1A reHepaummn BHeAPEHNA CTPOUTENbHbIX
HaHoMaTepu1anoB B MPOU3BOACTBO ABMAETCA COCTaBHbIM 3/1IEMEHTOM MPOEKTMPOBAHVA MexaHr3Ma SGPEKTVBHOIO ynpaBieHns pas-
BUTVIEM BM3HEC-CTPYKTYP. YHUBEPCUTETCKOE NPEeANPUHAMATENBCTBO U HayYHO-06pa3oBaTesibHble LIEHTPbI B SKOCMCTEMHOM TPeHAe
paccMaTprBaloTCA B KauecTBe LieHTPasibHbIX aKTOPOB B MpoLiecce co3faHra MHCTPYMEHTOB BY30BCKOrO TpaHCcpepa HaHOBAXKYLLUMX
CTPOUTENBHOTO Ha3HaueHVsA. MeToAabl  MaTepuanbl. Mpouecc popmMrpoBaHna LPPOBbIX KOMMETEHLMI Y CTYAEHTOB 1 Npernofasa-
Tenen B npoLecce KOMMepLMann3aLmm HayyYHbIX pa3paboToK CTPOUTENBHOTO By3a (MHCTUTYTa, baKkynbTeTa, Kadenpbl) LienecoobpasHo
paccmMaTpurBaTh Kak pe3ynbTaT GpaKTanbHbIX B3aMOAENCTBII. Pa3BTE MHHOBALIMOHHON SKOCMCTEMbI YHUBEPCUTETa [OCTUMAETCA
3¢ deKTUBHOI peanr3auyen npoLecca TpaHcdepa pesynbTaToB MHTENNEKTYaIbHOWN AEATENBHOCTY MO CO3AaHUA FMMCOBbIX U Kepamm-
YeCKMX HaHOKOMMO3UTOB, BOCTPEOOBaHHbIX PErMOHaNbHON CTPONMHAYCTPUe. PesynbTaTtbl. VIHTeNneKTyanbHO-TEXHONOrMYEeCKIiA
noTeHLUVan yHBEPCUTETOB, FOTOBALLMX GaKanaBpOB U MarMcTPaHToB AnA CTPOMMHAYCTPYM, ONpefensaoT B MHHOBALWIOHHOM o6Lue-
CTBE NepPCreKTUBbI YCMELIHOTO Pa3BUTKA OTPACSIN. YCKOPEHHOE NMPOABIIKEHVE MHBECTULIMOHHbIX Pa3paboToK, BOCTPEOOBaHHbIX Ha-
HOTEXHOJIOMMIA YHVBEPCUTETOB 06ecreymBaeT By3bl JOMONHUTENbHBIM BHEOIOAMXKETHBIM GUHAHCPOBaHVeM. Ha nprimepe pa3paboTku
TEXHOMOTVIUN NOJTyYEHUA MENKOLLTYYHbIX CTEHOBbIX 1 NEPEropOLOYHbIX 3AENNI Ha 6a3e HAHOCTPYKTYPUPOBAHHbIX FMMCOBbIX BAMKYLLMX
6b11 aNPO6KPOBaHbI B OMbITHO-MPOMbILLIIEHHbIX YCIIOBUAX. O6CyKAeHNe. SPHEeKTVBHLIMU METOLOMNOTMYECKUMI MHCTPYMEHTAPVAMM
TpaHcdepa HAHOTEXHONTOMMYECKIMX BY30BCKIMX Pa3paboToK B CTPOMMHAYCTPYIO ABNAIOTCA: CO3faHMe 6a30Bbix Kadep Ha npeanpus-
TVAX 1 ycnewHoe GpyHKLMOHMPOBaHWe HayYHO-06pa3oBaTeNbHbIX LIEHTPOB, yYacTue paboTtofatenein B y4e6HO-NMPOV3BOLCTBEHHON
npakTuke n ap. C TOYKM 3peHrsa TPYAOEMKON KoMMepLManv3aLmm 1 TpaHchepa HayuHbIX pa3paboTok 3GPpeKTMBHBIM MyTem OT ugen
[10 LUMPOKOTO BHEAPEHA HAYKOEMKOW NMPOAYKLMW CIYKUT peasibHoe MPUNoXKeHUe VHTENNEKTYalbHOro noTeHuvasna npodeccopcKo-
npenogasaTeNbCKOro CoCTaBa By3a, MHCTUTYTa, Kadeap. 3akntoueHue. PazpaboTka MeTofoN0orMyeckoro MHCTPYMEHTapUA HafeXHoro
MOHUTOPUHIa NPWBMIEKaTENbHOCTU PErMOHANIbHOW NPenPYHUMATENbCKOM SKOCUCTEMbI AJ1A reHepaLmn 1 pa3BUTHA NPOLECcoB
TpaHcdepa BOCTpebOBaHHbIX HAHOMATEPVAJOB ABMIAETCA COCTaBHBIM /IEMEHTOM NMPOEKTMPOBAHUA MexaHN3Ma SGPEKTUBHOIO yrnpas-
neHna BU3HeC-CTPYKTypamm B CTponTenbeTae. brarofapa GopmrpoBaHio MHHOBALIMOHHOW SKOCMCTEMbI YHVIBEPCUTETA AOCTUTAETCA
3¢ deKTNBHaA peanm3auma npoLecca KOMMepLUManmn3aLuuy pesynbTaToB NHTENEKTYabHOW [eATeNIbHOCTY B cdepe HaHOTEXHOMOT I,
KoTopble BOCTpeboBaHbl CTPOUTENBbHOI OTPAC/IbIO PErvoHa.

KJTIOYEBDBIE CJIOBA: koMmMepLuanu3aLma HAHOTEXHONOTUIA, TPAHCHEP NHTENNEKTYaNIbHOW AeATeNbHOCTI, HAHOCTPYKTYPUPOBAH-
Hble rMncoBble N3Aenus, Kepammyeckme HAHOKOMMO3UTbI.

ANA ULUTUPOBAHMUA: LWaaxvetos Y.LL., lapbknHa A.A., Xanukos PM., CunnunH J.A., Hegoceko /.B. MeTogonorunyeckme nHCTpy-
MeHTap1K YHUBEPCUTETCKOrO TpaHchepa BOCTPeHOBaHHbIX HAHOTEXHOMOT NI B PErMOHAsIbHYI0 CTPOMNHAYCTpUto // HaHoTexHonorum
B cTpoutenbcTee. — 2021. - Tom 13, N2 1. - C. 12-17. - DOI: 10.15828/2075-8545-2021-13-1-12-17.

BBEJIEHUE TErn4eckoe MperuMyIIecTBO TOCYIapCTBY U YACTHOMY
Ou3Hecy IIpY BHEAPSCHUN HOBALIMI B CTPOMUHIYCTPUIO.

chonbaoBaHHe aBaHTapIHBIX JOCTYDKEHUIA TTPOPHIB- B HBIHEITHIX 0OOCTPUBIINXCS YCIIOBUSIX M HEYCTONIM -
HBIX HAHOTEXHOJIOTMIECKIX ITPOCKTOB AeT CTpa-  BOCTH MEXTOCYIApCTBCHHBIX TOTOBOPEHHOCTEH TTPH-
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MEHEHNE HOBEUIINX Pa3pab0TOK YUCHBIX M MHXKECHEPOB,
a TakKKe BHEIpPECHUE M300pETeHUN SIBISICTCST BaXKHBIM
dakTopom ycrexa, cmocoocTByeT 3(PPeKTUBHOMY pe-
IIEHUIO MIPO0IeM NMIIOPTO3aMEIICHUS W TTOBBIIICHUS
MPOU3BOAUTEILHOCTU TPYyda B cTpouTeibcTBe [1]. Bme-
CTe C TeM CyIIeCTBeHHAas 4acTh Pe3yIbTaTOB HAyIHO-
HCCIIEIOBATEIbCKOM NeSITeIbHOCTH CTPOUTEITHHBIX BY-
30B, a TaKXXe BOCTPeOOBaHHBIC HAHOTEXHOJIOTMUCCKIE
TIPOEKTHI OCTAIOTCS HEBHEAPEHHBIMH B IIPAKTUKY 1 HE
TIPUHOCST TOXOIBI BCICACTBHE CIab0ii pa3paboTaHHO-
CTU OPTaHM3AIIMOHHBIX U SKOHOMUYECKIX MEXaHN3MOB
TpaHchepa. B 3Toit cBsI3M aKTyaTbHBIM OCTAeTCS TIOMCK
MHHOBAIIMOHHBIX PEIICHUN MOBBIIICHNS 3DHEKTUB-
HOCTU KOMMeEpUMaIU3allMM HAHOTEXHOJOTUYECKUX
WHHOBAIIUI ¢ YIETOM 3aIIpOCOB TOCYIApCTBa M IIPeI-
TIPUHUMATEIBCTBA B PETUOHAIIBHON CTPOUMHIYCTPUH.

JlaHHas cTaThsl HalleJeHa Ha alpoOUpPOBaHUE IKO-
CHCTEMHOTO Toaxoaa TpaHcdepa 1 KOMMEPLIMAT3aIlaN
Hay4YHBIX TIPOEKTOB, BOCTPEOOBAHHBIX CTPONUHIYCTPHUCH
HAHOTEXHOJIOTHIA.

MATEPHAJIBI 1 METOZbI

CoBpeMeHHBIC BBI30BBI, KOTOPEIE CTOST ITepen Poc-
cuiickoii Menepanneil, 000CTPUINCH B YCIOBUSIX KO-
POHABUPYCHOI MaHAEMUU, 1eJal0T 3JI000THEBHBIMU
W XKMBOTPEIEUIYIIMMA YCKOPEHHBIM MOUCK TPEHIOB
noaHoMOpMaTHON MOIEPHU3AINKN PETUOHAJIBHOMN
U OOLIEPOCCUIMCKON CTPOUTEIbHON oTpacau. Haie
TOCYIapCTBO MOXET COXPAHUTH «3KOJOTUYECKYIO
HUILIY» B YCKOPEHHOM cTpouTeabcTBe XXI cTosneTus
JIMIIIb TOJIbKO KOMMeEpIMaIU3alueil u pacliupeHueM
NpeanpUHUMATENBCKOTO CEKTOpa BY30BCKOM HAyKU:
KOppEeJsIMS MEXAY pPe3yJIbTaTUBHOCTbHIO HAYYHO-KC-
CJIeIOBaTEbCKUX, OMBITHO-KOHCTPYKTOPCKUX PaboT
U BaJIOBbIM BHYTPEHHUM TTPOAYKTOM JOCTATOYHO BbICOKA
r=0,99 [2]. TonpKO MHTETPATLHBINA ITOAXOM K KAXKIOMY
aTaIy TpaHcdepa: OT Co3naHus UAe HOBOro OM3Heca
¥ OILIEHKM KOMMEPUYECKOTo TToTeHIMaza [3] 1o mporHo-
3UPOBAHUS HAYYHO-TEXHUUECKOTO Pa3BUTHUS OTpacieit
Y BHEIPEeHUS pa3pabOTOK TEXHOJOTUYECKUX CTpaTEruii
CTPOUTEJIbHBIX KOMITAHU - TIPUBOIAT K yCIIEXY.

DopmupoBaHre THOPACTPYKTYPHI TTOXICPKKI MH-
HOBAlIMOHHOM esITeIbHOCTU By30B Poccuu ocyiecT-
BIISICTCSI B paMKax psiga OpTaHM3allMOHHBIX (DOpM: Ha-
YYHO-TEXHOJIOTMYECKUE TTapKU, LIEHTPbl KOMMeplIMa-
JIN3ALUMU TEXHOJIOTUI, Majible ”THHOBALIMOHHBIE TIPEe/I-
MpUITUS, HAYyYHO-00pa30BaTeAbHbIE LIEHTPbl YHUBEP-
CUTETOB, MHCTUTYTOB U Jp. B peanusx coBpeMeHHOCTH
(opmMmpoBaHUe pe3yIbTATUBHOTO TpaHCchepa — OMHOTO
M3 UHCTPYMEHTOB MPEOI0JICHUSI HEMTPEPBIBHBIX KPU3UC-
HBIX CUTyalluil — BCTpeyaeT pa3HOoOOpa3Hbie Oapbephl;
B TO € BpeMsI CTpaTerusi TeXHOJOTMYECKOTro MpophiBa
obecreynBaeT AMHAMUYHBIA CTAapT KOHKYPEHTOCIIO-
COOHBIX CEeKTOPOB 3KOHOMUKU P®dD. PesynbratuBHOE

pellleHne TaKo# aKTyaTbHOU 3aJaui HEBBITTOJTHIMO 0e3
BOBJICUCHUSI YHUBEPCUTETCKOIM BEICOKOTEXHOJIOTUIHOMN
HayKH, T.K. IMCHHO TIpaKTHYHBIC TpaHC(hEPHI BEICTYIIA-
10T B KQ9eCTBE TOUYCK POCTA CTPONUHIYCTPHM.

PacueTHEBIIT TTOKA3aTe/Ib YACIHBHOTO 00BbeMa XO3Sii-
CTBYIOIINX CYOBEKTOB IIPEeANPUHUMATEILCTBA CPEAU
MPEINPUITHIA MaJIoTo M cpeaHero o6musHeca B 2010—
2015 romax ykasbIBaeT, 4YTo ToJbKo =~ 70% Benyr pe-
aJIbHYIO IEeSITeILHOCTD [4]. DTO 3HAUUT, UTO B ACIIOBOM
cpene PO nMeroTca MHOTOOOpa3HbIC U pa3HOHAIIPaB-
JICHHBIC (haKTOPBI, KOTOPHIC CACPKMBAIOT YBEJIMUCHIIC
aKTUBHOCTHU OM3HEca B CTPOMMHIYCTpUH. MHOTHE T10-
TEHIIMAJIFHO TIPOPBIBHBIC Pa3pabOTKM HE BBISIBIISIIOTCS
IO TeX Iop, ToKa He OyIyT 00eCIIeYeHBl YCTOMUMBBIC
KOHKYPEHTHbIE TPEUMYILECTBA U BO3MOXHOCTU MUX
TpaHchepa B CTPOUTEITBHOI OTpaciu.

Y3710BBIM BOTIPOCOM COBPEMEHHBIX HAHOTEXHOJIOTHIA
B CTPOMMHIYCTPUM CTaHOBUTCS (P DeKTrBHAS TTepena-
ya (TpaHcdep) BOCTpeOOBAHHEBIX Pa3pabOTOK OT OTHUX
YYaCTHUKOB PHIHKA APYTMM Ha KOMMEpPUYECKO W He-
KOMMepueckoii 6a3e. TpeHOOBBIN ITOAX0A, OCHOBAHHBIN
Ha TIpeINpUHUMATEILCKOM 3KOCUCTeMEe CTPOMMHIY-
CTPUH, OTIIMYACTCST OT KJIACTEPHOTO TTOAXO0/Ia TeM, UTO
[JIABHBIM CYOBEKTOM BBICTYHACT MPEAIIPUHUMATEIb,
CMOCOOHBIM KOOPIMHUPOBATh YCUJIUSI U PECYPCHI, a HE
cTpouteabHasg KoMmmanus (dupma). Ciemyer OTMETHUTB,
YTO B 9KOCHCTEMHOM TPEHIE TIPSAIIPIHNMATEIBCTBO pac-
CMaTpHWBaeTCs He TOJBKO KaK YacTh CTPOMMHIYCTPUH,
HO 1 B KAYeCTBE IICHTPAJIEHOTO aKTOpa YCIEITHOTO (PyHK-
IMOHNPOBAHUS CTPOUTEIBLHBIX OPTaHU3aUIA 1 B IO~
JepskaHUM TpaHCchepa HAHOTEXHOIOTMICSCKIX ITPOSKTOB.

B pamkax cucreMHoro noaxopa [5] noMmuHuUpyloliee
BIIUSTHUE TIPUOOpPETAECT OKPYKEHME, TIe TTPONCXOIUT MH-
TepaKTUBHOE B3aMMOICIHCTBIEC SKOHOMUYICCKN aKTUB-
HBIX CTPOUTEIHHBIX KOMITAHU MEXIY COOOM 1 3KOHO-
MUYecKoi cpepoii. Jist KoHCTpynpoBaHUS 3(PPeKTUB-
HBIX CHCTEM YIIpaBJICHUS TpaHchepa pe3yIbTaTOB MH-
TEJUIEKTYaJIbHOM IeATeIbHOCTH BY30B M (DOPMUPOBAHMST
AKTHUBHOTO MPEeINPUHNMATEILCTBA HA PETUOHAIIBHOM
YpOBHE HECOOXOIMMO YIUTHIBATh (DpaKTaIbHBIC B3au-
MOIENCTBUSA B CTPOMMHIYCTpHH [6].

PE3YJIbTATBI

DKOCUCTEMHBIN TTOAX0 (hOKYCUPYETCS Ha Teorpa-
(rIecKolf IOTUCTHUKE B3aMMOCBSI3aHHBIX CTPOR(MUPM,
ITOCTABIINKOB YCIYT U KOMITAaHUI-CMEXXHUKOB, KOTO-
phIe, COIIepHIIAS MEXKIY COOOM, IIPY STOM TaKKe B3au-
MOJIEHCTBYIOT B (hopMaTe COTPYTHUUYECTBA U TpaHChepa
HayJIHO-HCCIICIOBATEILCKOM ACTETbHOCTH CTPOUTEITh-
HBIX By30B [7]. B cOBpeMeHHBIX yCIIOBUSX TpaHCHopMa-
LIMM MOCTUHAYCTPUATIBHOIO 001IecTBa (POPMUPYIOTCS
METOMOJIOTHICCKIE MHCTPYMEHTB KOMMEPIINAIN3a-
IUU ¥ TpaHchepa YHUBSPCUTESTCKIX HAHOTEXHOIOTHIMA
B cTpoiimHaycTpuio (puc. 1).
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fxonommeﬂcax npuGHLLTL \

HAHOCTPYKTYPUPOBAHHbBIX TMIICOBBIX BSIKY-
mmx pazMepoM = 2 HM—100 aM [9] TexHOI10-
TUU TOJYYeHUs] MEJIKOILITYYHBIX CTEHOBBIX

Busznec

Tocynapcrso

( cTpouTeNnBHEL CeKTOp )

M TICPETOPOIOYHBIX U3ICIINIA, KOTOPHIE OBUTH
arpoOMPOBAHbBI B OITBITHO-TIPOMBIIIIIICHHBIX

IMoaaepxanue
M NIapTHEPCTBO

Bys
(umcTuTyT, Kadenpa)

PuHaHCHPOBaHHE

Ilepenava snanuit
M TeXHOJIOTHI

ycroBusix [10—12].

Briciiee npodeccruonanbHoe 006pa3o-
BaHME IOJKHO 00ECIeUYUTh MOATOTOBKY
KBaTU(UIINPOBAHHBIX 1 MOOMJIBHBIX CIIC-
OUAJNCTOB IJIsI CTPOUTEIBHOI OTpaciu,
TOTOBBIX CAMOCTOSITEJIBHO U 3(P(PeKTUBHO
pemaTh Bo3HUMKalomue npoodiaeMsl [13].

Puc. 1. uTepakTuBHOE U (hpaKTaIbHOE B3aUMOAEHCTBIE

rocyJaapcTsa, OM3Heca M By30B B pAMKAX KOMMePIMATH3AIUN

BOCTPeOOBAHHBIX TEXHOJIOTHI1 B CTPOIMMHIYCTPUA

Pa3paboTka MeTOIMUECKIX MHCTPYMEHTAPUEB MOHH -
TOPUHTA IPUBJIEKATEILHOCTH PErMOHATBHOI TIPEIITPH-
HUMATEJIbCKOM 9KOCHUCTEMBI IIJIST TeHepaIluy Pa3BUTHS
SIBJIIETCSI COCTAaBHBIM 3JICMCHTOM ITPOSKTUPOBAHUS ME-
xXaHn3Ma 3(P(OEKTUBHOTO YIIpaBICHUS pa3BUTHEM OM3-
Heca B CTPOMMHAYCTpUM. B TaKoM KOHTEKCTEe BaskKHO
OLICHUTDH COCTOSTHHE 9KOCHUCTEMBI C TOUYKH 3PCHUS €¢
TIPUBJICKATEIIBHOCTH [UIST BOCIIPOM3BOICTBA (POKICHNIS)
HOBBIX BBICOKOTEXHOJIOTMIHBIX ITPE/I-
TIPUSITUI B CTPOUTEITHLHOM oTpaciu [8].
WHTeprpeTaist 5KOCUCTEMBI BY30B-
CKOIf HayKM U TIPeATIPUHIMATEILCTBA
B Ka4eCcTBE aHCAMOJIsI COLIMAIbHBIX,
9KOHOMUYECKUX CTPYKTYP B pETHOHE,
KOTOpBIC MOIICPKUBAIOT POCT MHHO-
BaIlMOHHBIX CTAPTAIIOB, CITOCOOCTBYET
3apOKICHUIO HOBBIX OM3HEC-CTPYK-
TYp C TOCTAaTOYHO BBHICOKUM YPOBHEM
pucka.

C TOUKM 3peHUS TPYIOEMKOI KOM-
MepIaIn3alni U TpaHcdepa Hayd-
HBIX Pa3paboToK 3((HEKTUBHBIM ITyTEM
CITY>KUT peaTbHOE TIPIJIOKCHIE MHTETI-
JIEKTyaJIbHOTO TIOTeHIIMAaia mpodec-
COPCKO-TIPEIIoaaBaTeIbCKOTO COCTaBa
BY3a, CTPOMTEIIPHOTO MHCTUTYTA ((ha-
KyJbTeTa), Kadeap; KOMIIETCHTHOCTh
¥ OIIBIT JUTS TIPUBJICYCHMS TOTTOTHM -
TEJIbHOTO (DMHAHCHUPOBAHMUS, a TAKKE
ycueHne GyHKIIMOHUPOBAaHUS YHU-
BEpPCUTETOB B Ka4eCTBE IpailBEpoOB
TEXHOJIOTMYECKOTO Pa3BUTHS TOCyIap-
ctBa. Hammpumep, By3oBcKuii TpaHChEp
BOCTPpeOOBAaHHBIX HAHOTEXHOJOTHUIA
C yJacTueM IipernonmaBaTencit Yum-
CKOT'O TOCYIapCTBEHHOTO HE(TSHOTO
TexHmIeckoro yausepcureTa (YIHTY)
TIO3BOJIMJI PEeaIM30BaTh (prc. 2) Ha 6a3e

Hamwu 0603HaYeHBI pe3yIbTaTUBHEIC YCII0-
BUS Pa3BUTHUS TIPOdeCCUOHATBHBIX KOM-
MeTeHII 0aKaaaBpOB M MarMCTPaHTOB
B TIepHroI OOyJeHUS B By3e: (DpaKTaIbHBIN
TIOIXO JaeT BO3MOXKHOCTH IIpeIiogaBaTe-
JIIO Y CTyJIEHTaM HeCTaHJapTHO MOCMOTPETh HA TPU-
BUAJIbHBIC BCINU, MEPECTPOMUTHCS Ha KpeaTHBHOE
MBIIJIeHe. HeMamoBaxXHy0 posib IIpU 3TOM HIpa-
eT KoOMMepUecKasl COCTaBISIONIas COTpYIHUICCTBA
o0pa3oBaHMEe~HAayKa“TeXHOJIOTUH [14] ¢ ycuIeHneM
WHTETPALIMOHHEBIX TIPOIIECCOB B paMKaxX HAyIHO-00-
pa30BaTeIbHBIX IICHTPOB, peali30BaHHAS B apXUTEK-
TypHO-CcTpouTebHOM MHCTUTYTe YIHTY.

Puc. 2. TexHoJoru4Hoe MPOHU3BOICTBO HA OCHOBE: a) HAHOCTPYKTYPHPOBAH-
HBIX TMIICOBBIX BSKYIIMX; b) MPeCCOBAHHBIX MEPEropOIOYHbIX U3/1e/IHii

JTH3 3HTOB M03BOJIAET:

P

M
v H3y4aTh MOP(OIIOTHEO IOBEPXHOCTH 06pasia;

TPOBOIHTE H3MePEeHHS Pa3MepoB, HOPMEI,
37eMeHTHBIH cocTaB 00pa3oB H APYTHX
napaMeTpoB HaHOOOEEKTOB B JAHAama3zoHe
Pa3MepoB OT HECKOJBKHX CAHTHMETPOB 10
HAaHOMETPOB C YBEIITHYECHHAMH

1o 100000 xpat. u Gonee;

v H3y4aTh OPHEHTALHI0 MHKPOKPHCTAILIOB,
I XHMH TOB 11O

] 4 !

II7IOMMAaaH CTPOHTEIBHOIO HAaHOMATEpHaIa.

KHX

Puc. 3. PactpoBbiii 3mekrponnsiii Mukpockon JEOL JSM-6610LV
¢ sHeprogucnepcuonnbiM ciekrpomerpom Oxford Inca Energy
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Amnanus daxropos, onpeaensrommx GpaxransHelit XapakTep BianuMmoaeiicTEMA
EY30BCKOiT MHHOBALIMOHHOIT IeATeIbHOCTH CO CTPOUTENBHON OTPacabio

PaKTUBHOI'O B3aUMOJICICTBHUS
3JICMCHTOB (Hpe,Z[HpI/IHI/IMaTC—
I[Cfl) OKOCHUCTEMbBI MEXKIY CO-

601t u yauBepcutetamu. On-

Bauauue BHYTPEHHNX M BHEMHNX A Haznexaoe onpenenenne
$aKTopoB Ha MpoLIecC KOMMepLIMa- MHCTPYMEHTapHeB TpaHcdepa
IM3AUMH BY3 OBCKMX MHHOBALIMIT T HaHOTEXHOIOTMYECKMX MTPOEKTOB

HUM 13 MEXaHM3MOB yCIICIII-
HOTO BHEIPEHMS U TpaHchepa
HAHOTEXHOJIOTUIECKUX TIPO-
eKTOB cTpouTesibHOro BY3a

. —

(nHCTUTYTA, (paKyIbTETA, Ka-
L denpbl) SABIIETCS OpUEHTALMS

Ha «pETMOHAJIBHYIO TIPUBSI3-
Ky» ¥ CO3/IaHNe HAYyYHO-00-
pa3oBaTeTbHBIX IIEHTPOB.

D DEeKTUBHBIN TTpoliecc
TpaHcdepa U KOMMepLura-

A OrnepaTHBHBII MONCK BADHAHTOE EBY3 OBCKOTO

LlenenanpasnenHoe | . s e
TpaHcdepa MHHOBALIOHHBIX HAHOTEXHOIOTHIT B
bopmuposasite | PETMOHATEHYIO CTPOIMHAYCTPHEIO
maccuea LMdpoBsIx
6a: naHHBIX 1
reHepaums .
MOHMTOpHHTa - PpakTaneHeIll aHATH2 KPUTepHEE BRIGOpa
BHenpeHUS \— MHCTpYMeHTapHeB TpaHchepa BY3OBCKHX
| HaHOTEXHOJIOrMYECKMX pa3spaboTok

JIn3augmuun BOCTp€6OBaHHBIX
HAHOTEXHOJIOTUM B COBpE-
MCHHBIX By3aX HE MOXET pac-

4L

CMaTpPUBAThCSI B OTPBIBE OT UX
IJIaBHOW — 0Opa3oBaTeIbHOMI

Veroituneoe popMHpoBaHMe MeXaHI3IMa MPOABIKEHHE BocTpebo-
BAHHBIX HAHOTEXHONOTHYECKHX IMPOEKTOB YHHEEPCHTETOR

NeATEeJIbHOCTU. YUeOHad Jie-
SATEJILHOCTD TI0 COIEePKaHUIO
l MMeeT CHHTETIYECKUI XapaK-

ol L

TEP: €€ OCHOBY COCTABJIACT I10-

Ouenka 3¢deKTHEHOCTH YCMIEMHOCTH BY3 OBCKOTrO TpaHcdepa
MHHOBALIMOHHBIX HAHOTEXHOJOTMIT B CTPOUTENBHOE MPOH3IBOACTED

3HaBaTeIbHAS MESATETbHOCTD;
CTYIEHTHl ApPXUTEKTYPHO-
CTPOUTENHBHOTO UHCTUTYTA
VYT'HTY B HayuyHO-00Opa3oBa-

Puc. 4. JIuHAMHYHOCTH MHOTOOOPA3HBIX (DAKTOPOB, BIMSIIONIMX HA CKOPOCTD BHE-
JpeHnsi HAHOTEXHOJIOTHYECKUX Pa3padoOTOK BY30B B CTPOUTELHYIO OTPACIIb

B MuaHoBammmonHoOM 1ieHTpe («JIabopaTopust HaHO-
TEXHOJIOTUI IIEMEHTHBIX CUCTEM MMEHU MpodeccopoB
A.®. ITonaka n H.X. KapnmoBa») apXUTEKTypHO-CTPO-
utenbHoro nHctutyta YIHTY npoBoasdT BoctpeboBaH-
HBIE MCCIICIOBAHMS BeAyIINe CITEIINAINCTHI Kadep,
a TakKe 0aKayaBpbl, MAaTUCTPAHTHI, ACTTUPAHTHI, TOK-
TOPAHTHI TT0 HAMIPABJICHUIO Pa3pabOTKH CTPOUTEITHLHBIX
MaTepHaJioB, MCCCIOBaHIE MX HAHOCTPYKTYPHI U TEX-
HOJIOTUYECKUX CBOMCTB. IJIsT TIpoBeAcHNST MUKpPOAHa-
JM3a HaHOMaTepuanoB Ha Kadenape «CTponTeaIbHEBIC
KoHCTpyKuun» YI'HTY akTUBHO MCMOAb3yeTCs pac-
TPOBBII 3IEKTPOHHBIN MuKpockorr JEOL JSM-6610LV
(puc. 3); s BRITTOJTHEHUST pEHTTCHOCTPYKTYPHOTO 1 (ha-
30BOTO aHaJIM3a — PEHTTCHOBCKUA nudpakromeTp D2
PHASER.

OBCYXKJIEHUE

Kaxnplii pervoH, B Tom uncie u Pecryosnuka bari-
KOPTOCTaH, UMECT CBOIO YHUKAIBHYIO apXUTCKTYPy
PETMOHATIEHOM 3KOCUCTEMBI CTPOUTEIHFHOTO TIPEATIPH-
HUMAaTEJIbCTBA, a e¢ 3P PEKTUBHOCTD C TOYKHU 3PCHUS
TeHepaIy Pa3BUTHS OIIPEICIIIeTCST KaueCTBOM MHTE-

TEJILHOM ILIEHTPE (POPMUPYIOT
MMPaKTUICCKIE KOMITCTCHIIVHN.
Ocy1iecTBICHNEC MHHOBAIIM -
OHHOM JIeSITeTbHOCTH TTOCPEI-
CTBOM OpPTaHM3allMU 1 Pa3BUTHUS TpaHcdepa BOCTpe-
OOBaHHBIX TEXHOJIOTHI B PEaIbHYIO CTPONMHIYCTPUIO
SIBJISIETCST aKTyaJIbHOM 3amadcii OTeYeCTBEHHBIX YHU-
BEPCHUTETOB I10 PE3YJIFTaTaM OITBITHO-TIPOMBIIIIICHHBIX
WUCITBITAHUUA U TIPOMBIIIJICHHOTO MaCIITaOMPOBAHMSI.
Hanomatepuainsl (HAHOKpeMHE3eM, YIIepOTHbIC Ha-
HOTPYOKM mramMeTpoM oT 1 HMm 1o 50 HM, KepaMuIecKue
HAHOKOMITO3UTHI  T.I1.) 1 MUKPOHATIOJTHUTEIIN OKa3a-
JINCH TOIXOASIINMU KOMITOHEHTAMMY TSI YMEHBITICHMST
KOPPO3MOHHBIX TIOBPEXKICHNIA 1 TIOBBIIIICHUS JOJTOBCY-
HOCTHU CTPOUTENILHBIX KOMITO3UTOB [15—18].

JloctaTtouHO 3P (PEeKTUBHBIMU METOIOJIOTUYSCKIMU
WHCTPYMEHTAMU BY30BCKOT'O TpaHC(epa HAHOTEXHO-
JIOTUIECKUX Pa3pabOTOK B perMOHAIBHYIO CTPONUHIIY -
CTPUIO SIBJISTIOTCST: Co3MaHmne 0a30BBIX Kadeop Ha IIpe-
MIPUATHUSIX, YIacTHEe paboTomaTeicii B yIeOHO-TIPOU3-
BOJICTBEHHOM IIPaKTHUKE, PAa3BUTHE WHHOBAIITMOHHOMN
SKOCHCTEeMBI YHUBEepCcUTeTa 1 Ip. TIIaTeTbHBIN aHATN3
BO3ICUCTBUS pa3HOOOPA3HBIX (PAaKTOPOB HA CKOPOCTh
BHEIPEHMS U TpaHC(epa YHUBEPCUTETCKUX MHHOBALIMI
(puc. 4) B CTpOUTETBbHBIN KOMITIEKC Ha 6a3e (ppaKTaib-
HOI KOHIICTIIINY TTOKA3bIBaeT MMHAMUYHBIN XapaKTep
aJITOPUTMOB KOMMEPIINATA3ALINH.
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KauyecTBO MHHOBAIIMOHHON IESITEHHOCTH BY30B
B BUJIE MEXaHM3MOB KOMMEPILINAIN3AIlNN U TpaHchepa
HEOOXOIMMO HE TOJIBKO TPeOOBATh U KOHTPOJINPOBATD,
HO U MOTMBHPOBaTh. OTHUM U3 3aBEPIIAIOIINX STAIOB
YCIENTHOTO TpaHcdepa UHTEIIEKTYaTbHON IesaTeNb-
HOCTH SIBJISIETCS (DOPMUPOBAHNE BHYTPEHHUX 3aIINT-
HBIX MEXaHU3MOB OT HEIO0OPOCOBECTHOM KOHKYPEHIIIH.
MeXIUCIUIUIMHAPHAS MHTETPAINs C YIETOM 0COOEH-
HOCTE IMIIMPOKOMACIITAOHOTO BHEAPEHMS HAHOTEXHO-
JIOTUYECKUX Pa3pabOTOK CTPOUTETHHOTO Ha3HAUEHUS
[19—23] crmrocoGCeTBYET «IIeEpeHOCY» OyIyIIeil ITpon3-
BOJCTBEHHO-TEXHOJIOTMIECKOM ¥ IPYTUX BUIOB JESTEb-
HOCTU B 00pa3oBaTeIbHBIN Mpoliecc U (hOpMUPOBAHUS
mpodheCCUOHATEHBIX KOMITETEHIINI GaKaIaBpoB U Ma-
TUCTPAHTOB apXUTEKTYPHO-CTPOUTETHLHOTO MHCTUTYTA
YGUMCKOro rocyaapcTBEHHOTO HE(PTIHOTO TEXHUUE-
CKOTO YHUBEPCUTETA.

CIIUCOK JINTEPATYPbI

3AKJIIOYEHHME (BBIBO/IbI)

Taxkum o6pa3zom, pa3paboTKa METOIOJIOTUYECKOTO
WHCTPYMEHTapUsl MOHUTOPUHTA MPUBJIEKATEIbHOCTHU
pEerMOHaJILHOU MpeanpuHUMATEIbCKON 3KOCUCTEMbI
ISl TeHepallMM 1 pa3BUTHUS MPOLIECCOB TpaHCpepa co-
BPEMEHHbBIX HAHOMATEPUAJIOB SIBJISIETCSI COCTABHBIM BJIe-
MEHTOM ITPOCKTHUPOBaHMUS MexaHn3Ma 3G GEKTUBHOTO
yIpaBjieHUs pa3BUTUEM OU3HEC-CTPYKTYP B CTPOUTENb-
ctBe. biarogapst pa3BUTHIO MHHOBALIMOHHOM 9KOCUCTE-
Mbl YHUBEpPCUTETA (CTPOUTEILHOTO MHCTUTYTA, (PaKyIb-
TeTa, Kadenpsl) gocturaeTcs 3(PheKTUBHAS peaTi3aliist
npoliecca KOMMepLUUAIU3aluy pe3yJIbTaTOB UHTEJUIEK-
TyaJbHOM IEesITCIbHOCTH B chepe HAHOTEXHOJIOTHH,
BOCTPEeOOBaHHBIX PETMOHAIBHON CTPOUUHAYCTPUECH:
T.€. B IIpoliecce TpaHcdepa 3HaHUS 1 TEXHOJIOTUM Mpe-
BpallalOTCsI B KOHKPETHBIE MPOIYKThI U YCIYTH.

1. UBanoB JI.A., Kanyctun U.A., bopucoBa O.H. u np. M306peTeHust, o0CHOBaHHbIE Ha UCIIOJIb30BAaHUU HAHO-
TEXHOJIOTUH, TIO3BOJISIIOT TIOJIYYUTh MTPUHIIMITUATILHO HOBBIE TeXHUUeckue pe3ysbTarhl. YacTs I1 // HanorexHomoruu
B ctpoutenbeTBe. — 2020. — Tom 12, Ne 2. — C. 71-76. — DOI: 10.15828/2075-8545-2020-12-2-71-76.

2. Iymkapenko A.b. KomMmeprmanu3zanus HaydHO-TEXHUYECKUX Pa3paboTOK KaK COCTABJISIOIIUN J1€MEHT
MHHOBAIIMOHHOM IEeATEeIbHOCTH HaydHO-00pa30BaTeIbHBIX YupexkneHuii // U3Bectrst ToMCKOTo MOJIUTEXH. YHUB. —

2004. — Ne 3. — C. 137—141.

3. Anrtonen B.JI., Heuaesa H.B., Xomkun K.A. 1 np. MHHOBauMoOHHBII OM3Hec: (OpMUPOBaHNE MOJEIEH KOM-
MeplUaau3alu MePCreKTUBHbBIX pa3padboTok. — M.: Jleno, 2009. — 302 c.

4. MopryHnos E.B., 2KaBoponkos U.B. Pa3Butue BbICOKOTEXHOJOTMYHOTO CEKTOPA POCCUICKON 9KOHOMUKHM //
BectHuk yHusepcuteta (I'VY). —2012. — Ne 7. — C. 116—126.

5. Conomunona H.3., Manukos P.U., I'puninn K.E. Metoanyeckuii ”HCTpyMeHTapUii OLIEHKN COCTOSIHUS PETU -
OHaJIbHOM MPeANPUHUMATETBCKOI KOCUCTEMbI // DKOHOMUKA peroHa. — 2018. —Towm 14, Beim. 4. — C. 1256—12609.

6. Yruuu E.A., 3otoB M.A., Bosomenko .M. KoMmMepiimanu3zaliys pe3yJbTaToB MHTE/UIEKTYaIbHOI IesTe/ b
HOCTH B YHUBEPCHUTETaX: KOHIEIIINS MHHOBALIMOHHOI 3KocucteMbl // MHTepHeT-XypHan «HaykoBeneHue». —

2015. —Tom 7, Ne 4. — C.48.

7. Acs Z., Audretsch D., Lehmann E. et al. National systems of entreprencurship // Small Business Economics. —

2016. — V.16, No. 4. — P. 527-535.

8. Hopotuenko C., [llenomeHues A. I1peanpruHuMartenbckasi 9KOCUCTEMa B COBPEMEHHbBIX COLIMOKOHOMUYECKUX
uccnenoBanusx // KypHan skoHoMuueckoii teopuu. — 2017. — Ne 4, — C. 212-221.

9. XanukoB P.M., CunuuuHa E.A., CunanteeBa E.W. u np. Moaudunmpyiollee ycuieHue TBepAeHUS TIpec-
COBaHHbBIX CTPOUTEIILHBIX TUTICOBBIX HAHOKOMIO3UTOB // HaHoTexHonoruu B crpoutensctBe. — 2019. — Tom 11,
Ne 5. — C. 549—-560. — DOI: 10.15828/2075-8545-2019-11-5-549-560.

10. Mupcaes P.H., baokos B.B., Onycosa C.C. u 1p. ®ochorunconbie OTXOAbI XUMUUECKON MTPOMBILLIJIEHHOCTH
B IIPOM3BOJICTBE CTEHOBBIX U3Aeani. — MockBa: Xumust, 2004. — 176 c.

11. MassxmeToB Y.II., Mycrapun A.T'., Henoceko MU.B. u np. CripbeBast cMech JJis TOTYyYEeHUST TUTICOBOTO
BSDKYILIEro U u3aenuii Ha ero ocHose // ITatent RU 2413688. Omy6i. 10.03.2011.

12. TautoBa A.P., Axmanynnuna M. U., ITeuenkuna T.B. u np. HaHocTpyKTypHbBIe aCMEKThI TUAPATALIMU U TBEP-
JIEHUSI TUTICOBBIX W TUTICOIIAKOBBIX KOMITO3UIIMI Ha OCHOBE JIBYBOHOTO TUtica // CTpouTeIbHbIE MAaTepUATTbl. —

2014. — Ne 1-2. — C. 46-51.

13. YnpaBnenue nHHoBalMoHHbIMK TipoekTamu / [Ton pen. M.JI. Tykenns. — CI16.: BXB, 2011. — 416 c.

14. Cmupnosa JI.H., Pyuuncka T., 3Be3noB A. 1. JlocTzkeHUS HAHOMHAYCTPUU: MPOEKTHI, 00JIaCTh TPUMEHEHMS,
akoHOMUYecKUi 2 HeKT 1 obIIeCTBeHHAst 3HAYMMOCTh // HaHnotexHosoruu B crpoutenbetse. — 2020. — Tom 12,
No 1. — C. 41-45. — DOI: 10.15828/2075-8545-2020-12-1-41-45.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://nanobuild.ru/en_EN/journal/Nanobuild-2-2020/71-76.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-5-2019/549-560.pdf

Nanotechnologies in construction 2021;13(1): U/
HaHoTexHonorum B cTponTenbcTBe 12-17 NanObL" ]

MPUMEHEHUE HAHOMATEPUAJIOB U HAHOTEXHOJIOIMW B CTPOUTE/IbCTBE

15. Cunnnnmn J.A., XaaukoB P.M., bynatos B.T". u np. TexHonornuHble ITOAXOALI HAIIPaBJIEHHOTO CTPYKTYPO-
00pa30BaHNSI HAHOKOMIIO3UTOB CTPOUTEIILHOTO Ha3HAUYCHUSI C TIOBHIIIIEHHON KOPPO3MOHHON YCTOMUYMBOCTHIO //
Hanotexnonoruu B ctpoutenberse. — 2019. — Tom 11, Ne 2. — C. 153—164. — DOI: 10.15828/2075-8545-2019-11-
2-153-164.

16. Cununmna E.A., Henoceko U.B., Xanmukos P.M. u ap. [IpuMeHeHEe TEXHOIOTUY (PUIBTPALIMOHHOIO ITPeC-
COBaHUSI B IIPOM3BOJICTBE KPOBEJIbHBIX U3nenuii // CtpoutenabHbie Matepuaibl. — 2020. — Ne 1-2. — C. 66—72. DOI:
10.31659/0585-430X-2020-778-1-2-66-72.

17. I'yceB b.B., Kyapssuesa B./l., [Totanosa B.A. beToHbl ¢ HAaHOT00aBKO# U3 000XKEHHOTO BTOPUUYHOTO
6eroHa // Hanorexnosoruu B crpoutenbetBe. — 2020. — Tom 12, Ne 5. — C. 245—-249. — DOI: 10.15828/2075-8545-
2020-12-5-245-249.

18. Diab A.M., Elyamany H.E., Abd Elmoaty M. et al. Effect of nanomaterials additives on performance of concrete
resistance against magnesium sulfate and acids // Construction and Building Materials. — 2019. — V. 210. — P.210-231.
DOI: 10.1016/j.conbuildmat.2019.03.099.

19. IlTassxmeros V.111., @axpetnrmHoB U.A., XammkoB P.M. u ap. [Ipouecc popmmpoBarus mpodecCHOHATBHBIX
KOMITIETCHIINI y 0aKaJaBpOB-MaTepHAIOBEI0B B 00JIaCTH TEPMOCTONKIX HAHOCTPYKTYPUPOBAHHBIX KOMITO3UTOB //
BectHuk bammkupckoro ynuepcuteta. — 2014, — Tom 19, Ne 1. — C. 248—252.

20. IMamxkesuy A.B. OcHOBBI MPOEKTUPOBAHUST KOMIIETEHTHOCTHO-OPUEHTUPOBAHHBIX 3aJaHUii KaK 3 deK-
TUBHBII CITOCOO OIIEHMBAaHUS METalpeaMETHBIX pe3yabTaToB // VUHHOBaluM B oopazoBaHuu. — 2015. — Ne 11. —
C. 50-67.

21. bakynos B.C., XanukoB P.M., [llasxmeros Y.III. u ap. TBepaeHue amomodochaTHON KOMMO3ULIMU TTPU
HarpeBe // OrHeymophl U TexHu4YecKast Kepamuka. — 2016. — Ne 3. — C. 24-27.

22. Iucapenko K.B., UeanoB JI.A., Baunr 1I. HaHoTeXHOJIOTUY B CTPOUTENLCTBE: COBPEMEHHOE COCTOSIHHE
¥ TeHIeHInM pa3BuTus // Hanorexnomorun B ctpontenbeTBe. — 2020. — Tom 12, Ne 4, — C. 223—-231. — DOL:
10.15828/2075-8545-2020-12-4-223-231.

23. YepnpimoB E.M., Apramonosa O.B., CnasueBa I'.C. HanomonndunpoBaHne 1ieMeHTHBIX KOMITO3UTOB Ha
TEXHOJIOTUIECKON CTamuu XM3HEHHOTO 1nKiIa // Hanorexromoruu B ctpoutenberBe. — 2020. — Tom 12, Ne 3. —
C. 130—139. — DOI: 10.15828/2075-8545-2020-12-3-130-139.

NHOOPMALI/A OB ABTOPAX

LlaaxmeToB Ynbdart LLlalixnszamaHoBUY, JOKTOP TEXHNYECKMX HayK, 3aB. Kadeapbl «/HxeHepHas Gu3nkn 1 dbusrka
MmaTepuranos», OI60OY BO «balwKnpckuii rocydapcTBeHHbIN yHUBepCUTeT»; I. Yéda, Poccus, e-mail: rusairu@ufanet.ru

JlapbkuHa Anbdua AnnbicnaeBHa, CT. npen. Kadeapbl «<MaLuvHbl 1 annapaTbl NMLWEeBbIX Npou3soacTs», OrEOY BO
«MOCKOBCKMI rocyfapCTBEHHbIV YHUBEPCUTET TEXHOMOIMI 1 ynpasneHus»; r. MockBa, Poccua, e-mail: alfiaais@mail.ru

XanukoB Pay¢ MysaruroBuy, KaHANLAT XMMUYECKUX HaYK, fOLEeHT Kadeapbl «CTpouTenibHble KOHCTPYKLNNY,
apXUTEKTYPHO-CTpouTenbHbI MHCTUTYT, TBOY BO «YPuMcKniA rocyfapCcTBeHHbIN HeDTAHOM TEXHUUYECKNI YHUBEPCUTET»;
r. Yoa, Poccus, ORCID: https://orcid.org/0000-0001-7584-5516; e-mail: rauf_khalikov@mail.ru

CyHULMH AMuTpuin AneKcaHapoBUY, KaHAMAAT TEXHUYECKUX HayK, AoLeHT kKadeapbl «CTpounTenbHble KOHCTPYKLNY,
®OrbOY BO «YPuMCcKMin rocyfapCTBeHHbIN HePTAHON TeXHNYECKNIA yHUBepcuTeT»; I. Yda, Poccus,

ORCID: https://orcid.org/0000-0003-3780-2800; e-mail: d4013438@yandex.ru

Hepoceko Uropb Bagmnmosuy, LOKTOP TeXHNYECKNX HayK, Tpodeccop Kadpeapbl «CTpouTeNibHble KOHCTPYKLUWY,

®OrbOY BO «YPuMCKMii rocyAapCTBEHHbIN HePTAHON TeXHNYECKNIA yHUBEpCUTeT»; I. Yda, Poccus,
ORCID: https://orcid.org/0000-0001-6360-6112; e-mail: nedoseko1964@mail.ru

ABTOpbI 3aABAAIOT 06 OTCYTCTBMMN KOH(NIMKTa MHTepecoB.

Cmames nocmynuna e pedakyuto: 12.01.2021.
Cmames nocmynusa 8 pedakyuio nocsie peyeHsuposaHus: 05.02.2021.
Cmamesa npuiama k nybnukayuu: 08.02.2021.

http://nanobuild.ru 17 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://nanobuild.ru/en_EN/journal/Nanobuild-2-2019/153-164.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-2-2019/153-164.pdf
https://journal-cm.ru/index.php/ru/zhurnaly/2020/vse-stati-za-2020/primenenie-tekhnologii-filtratsionnogo-pressovaniya-v-proizvodstve-krovelnykh-izdelij
https://journal-cm.ru/index.php/ru/zhurnaly/2020/vse-stati-za-2020/primenenie-tekhnologii-filtratsionnogo-pressovaniya-v-proizvodstve-krovelnykh-izdelij
http://nanobuild.ru/en_EN/journal/Nanobuild-5-2020/245-249.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-5-2020/245-249.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0950061819305835?via%3Dihub
http://nanobuild.ru/en_EN/journal/Nanobuild-4-2020/223-231.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-4-2020/223-231.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-3-2020/130-139.pdf

5

=

Vis o= omy = w2

About Wuhan University of Technology

uhan University of Technology (hereafter referred

to as WUT) was merged on May 27" 2000, from
the former Wuhan University of Technology (established
in 1948), Wuhan Transportation University (established
in 1946) and Wuhan Automotive Polytechnic Univer-
sity (established in 1958). WUT is one of the leading
Chinese universities under the direct administration of
the Ministry of Education and one of the universities
in the country’s construction plan of world-class uni-
versities and first-class disciplines. WUT is also jointly
constructed by the Ministry of Education, the Ministry
of Transport, the State Oceanic Administration and the
State Administration of Science, Technology and In-
dustry for National Defense. In the past 70 years, WUT
has fostered over 500.000 engineers and technicians,
maintaining itself the largest scale university under the
direct administration of the Ministry of Education for
nurturing talents oriented in the three industrial sectors:
building materials industry, transportation industry and
automobile industry and retaining itself an important
base of nurturing high-level talents for the three indus-
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trial sectors as well as providing significant scientific and
technological achievements.

With the practice of long-term student’s education,
WUT has formed educational ideology system with
distinctive characteristics: focusing on the lofty ideal
of building an excellent university to win a worldwide
recognition and admiration, the University has forged
the spirit of «Sound in Morality, Broad in Learning and
Pursuing Excellence», promoted the guiding principle of
«take the students cultivation as our essence, and take
academic development as our priority», and exercised
the educational concept of «<implementing excellent ed-
ucation, nurturing excellent talents and creating an ex-
cellent life». WUT is committed to building an excellent
university that provides an excellent education to lead
our students to a fulfilled life with excellent pursuit and
excellent capability.

The University has three main campuses, namely,
the Mafangshan Campus, the Yujiatou Campus and the
South Lake Campus, with a total occupying land area
of 267 hectares. Currently, WUT has 5.508 staff mem-
bers, including 3.282 full-time academic staff members,
1 academician of China Academy of Science, 3 aca-
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demicians of China Academy of Engineering, 1 for-
eign member of the Russian Academy of Engineering,
1 member of European Academy of Sciences, 1 fellow
of Australian Academy of Technological Sciences and
Engineering and 1 member of World Academy of Ce-
ramics. Besides, the University has heldpublic global
recruitment of 30 world-renowned professors to be its
«Strategic Scientists» in the area of Materials Science
& Engineering, Mechanical Engineering, Information
Technology and Naval Architecture & Ocean Engineer-
ing. WUT owns a great number of academic staff mem-
bers listed in national high-level talents programs, with
28 of them listed in the Recruitment Program of Global
Experts»(known as »the Thousand Talents Plan»),
6 listed in «Ten Thousand Talents Program», 14 listed in
«Cheung Kong Scholars Program», 7 listed in «The Na-
tional Science Fund for Distinguished Young Scholars»,
3 listed in «National Renowned Teachers» and 11 listed
in «The New Century National Hundred, Thousand
and Ten Thousand Talent Project».

The University owns 24 academic schools, 4 State
Key Laboratories, 8 State key Disciplines, 77 Doctoral
programs, 226 Master’s programs as well as 90 Bach-
elor’s programs. The Universityhas 54.986 students,
including 36.452 undergraduates, 17,224 postgraduates
(Master and PhD students), and 1.310 international stu-
dents. Besides, Material Science, Engineering Science
and Chemistry rank the top 5%o in ESI (Essential Sci-
ence Indicators) global discipline ranking list.

WUT owns 34 innovative research centers with inter-
national leading level including two State Key Laborato-
ries, one State Engineering Laboratory, one National En-
gineering Research Center and ministerial or provincial
level laboratories in the areas of new materials and build-

ing materials, transportation and logistics, mechatronics
and automobile, information technology, new energy,
resources and environmental technology as well as Pub-
lic Safety and Emergency Management. Meanwhile, the
University has established about 230 Joint Research Cen-
ters with local governments and enterprises. From 2010,
WUT has obtained 14 National Science and Technology
Awards, ranking in the forefront of Chinese higher educa-
tion institutions.

WUT has established cooperative relations for
students exchange and scientific research with more
than 190 foreign universities and research institutions
from USA, UK, Japan, France, Australia, Russia and
the Netherlands, etc. and invited over 300 interna-
tional famous scholars to be strategic scientist, guest
professors or honorary professors. From 2007, WUT
was authorized to establish 5 Bases of Foreign Out-
standing Expertise-Introduction for Disciplines In-
novation in China Leading Universities in Advanced
Technology for Materials Synthesis and Processing,
Advanced Technology for High Performance Ship,
Advanced Technology for Functional Film Materials
Fabrication and Its Application in Engineering, Key
Technology for New Energy Vehicles and Environ-
mental-friendly Building Materials. As well, the In-
ternational Joint Laboratory of Advanced Technology
for Materials Synthesis and Processing, the Base of
International Science and Technology Cooperation in
Environmental-friendly Building Materials, the base
of International Science and Technology Cooperation
on Smart Shipping and Maritime Safety. From 2009,
WUT has established 14 International Joint Research
Centers with internationally renowned institutions
from USA, UK, Italy and the Netherlands, including
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the «WUT-UM Joint New Energy Material and Con-
version Technology Key Laboratory» with the Univer-
sity of Michigan, the «<WUT-UoS High Performance
Ship Technology Joint Center» with the University
of Southampton andthe «Joint Research Center for
Intelligent Ship and Traffic» with Delft University of
Technology. In 2016, an international college initia-
tive — the UWTSD Wuhan Ligong College was estab-
lished in Swansea in partnership with the University of
Wales Trinity Saint David, UK.

In 2017, the University was listed in 7imes Higher
Education World University Rankings, QS Asia University
Rankings, U.S. News Best Global Universities Rankings
and ShanghaiRanking’s Academic Ranking of World Uni-
versities.

Overview of the International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Mate-
rials Science and Engineering (hereafter referred to as
ISMSE), Wuhan University of Technology (hereafter re-
ferred to as WUT) is aimed to build the top-notch innova-
tive talent training base and knowledge innovation centre
of Materials Science and Engineering.

WUT is one of the leading Chinese universities un-
der the direct administration of the Ministry of Educa-
tion and one of the universities constructed in priority
by the «State 211 Project» for Chinese higher education
institutions.

Since 1996, WUT has implemented the talent culti-
vation system reforms through setting up pilot classes,
including international cultivation programs, under-

Y @AM kN
Hﬁﬁ# 5IBERLR

0 e b SR
W O e

“Zingd

L

HNE™ -5 ’+/

F

graduate-Master program and undergraduate-PhD.
program. In April 2014, ISMSE was founded and ap-
proved by the Hubei Provincial Department of Educa-
tion. In June 2015, ISMSE was selected into the list of
the «Network of International Centers for Education»
supported by the Ministry of Education of P. R. China
and the State Administration of Foreign Experts Affairs.
ISMSE is devoted to building the world-leading MSE
discipline through optimization of a high-level research
and teaching team and establishment of an innovative
talents training system, thereby to support the develop-
ment of materials industry as a technology platform as
well as a talent pool.

WUT’s Discipline «Material Science
and Engineering» enters Top 2%
in the Fourth China Discipline Ranking

China Academic Degrees & Graduate Education De-
velopment Center (CDGDC) has recently announced
the results of the Fourth China Discipline Ranking, with
WUT’s Discipline «Material Science and Engineering»
listed at the highest level: Level A+ (3 universities listed
in all, ranking Top 2% in China).

Among the evaluated disciplines, four disciples of
WUT including Mechanical Engineering, Transporta-
tion Engineering, Design Science and Marxist Theory
are listed at the Level B+ (ranking top 10%—20%),
and six disciplines are listed at the Level B (ranking top
20%—30%), including Applied Economics, Civil Engi-
neering, Information and Communication Engineer-
ing, Computer Science and Technology, Environmental
Science and Engineering and Management Science and
Engineering.
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Compared with the former three China Discipline
rankings, the discipline rankings of WUT has witnessed
a substantial improvement, with the discipline of Top
2% rising from scratch. Meanwhile, the number of Top
10%—20% disciplines has increased from zero to four,
Top 20%—30% disciplines from four to six. The followings
are the disciplines with remarkable improvements: Mate-
rial Science and Engineering, Mechanical Engineering,
Transportation Engineering, Marxist Theory and Applied
Economics, etc.

Since the merge of three schools in 2000, driven by
the national construction of significant projects such as
«State Project 211» and «985 Innovation Platform for Su-
perior Disciplines», WUT’s discipline of «Material Sci-
ence and Engineering» has witnessed a significant growth
in disciplinary connotations presented in high-level fac-
ulty, scientific researches, cultivation of innovative talents,
and international cooperation communications, etc. The
discipline’s overall strength and level have been boosted in
the past years, ranking rising from No. 22 in 2002 to No. 5
in 2012, and further up to No. 3 in this year. Over the past
70 years, the discipline has cultivated a large number of
high-level talents for our national building materials and
new materials industry with more than 100 significant
scientific and technological achievements. It has make
historic contributions to the development of the national
building materials industry, promoting the Chinese build-
ing materials industry to grow steadily to take the lead in
the world building industries now.

State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing (short for SKL) is
a state key Laboratory in the area of advanced materials
which was funded by the National Planning Commis-
sion and established in Wuhan University of Technology
in 1987. The SKL is under supervision of the administra-
tion of the Ministry of Science and Technology of the
People’s Republic of China. Professor Gu Binglin, an
Academician of Chinese Academy of Sciences, is the di-
rector of the academic committee of SKL and Professor
Zhengyi Fu is the current director of SKL.

SKL aims at the frontiers of world materials science
and major national needs, builds a world-class material
composite and preparation technology platform, and
develops key new materials for the development of na-
tional sophisticated weapons and emerging industries
to support national strategies; SKL produces original
and systematic research results with international in-
fluence in transformative technology and frontier new
materials and their intersecting fields, leading interna-
tional development in the research of a number of stra-
tegic frontier new material; SKL leads in the training
of top-notch innovation talents in world-class disci-
plines of materials science and engineering with out-
standing scientific research, creating an international
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collaborative innovation culture, conducting «strong-
strong» international cooperation research to enhance
the laboratory’s international influence, attractiveness
and cohesion.

Focusing on the overall positioning and goals, SKL
will create and develop multi-component, multi-scale,
multi-level composite principle and material design
theory as important guides to build material gradient
composite technology, in-situ composite technology,
nano-composite technology and integrated innovation
platform as the core support, to study advanced com-
posite materials for advanced weaponry and equip-
ment for defense, efficient energy conversion and
storage materials for new energy technologies, nano-
composite biomaterials for life sciences, information
functional materials for information technology and
transformation-oriented technology. SKL has formed
the following five distinctive research directions: gra-
dient composite technology and new materials, in-situ
composite technology and new materials, nano-com-
posite technologies and new materials, transformative
technologies and cutting-edge new materials, material
composite principles and material design.

SKL employs 103 full time researchers, includ-
ing 1 academician of Chinese Academy of Sciences,
2 academicians of Chinese Academy of Engineering,
1 academician of Belgian Royal Academy of Sciences
and European Academy of Sciences, 1 academician of
World Academy of Ceramics, 12 Distinguished Foreign
Experts, 1 973 Program Chief Scientist, 5 winners for
Outstanding Youth Training Fund, 4 leading talents of
National Ten Thousand People Program, 7 winners for
Pacesetter Engineering in the New Century, 5 Cheung-
Kong Scholars, and 18 winners for the New Century
Excellent Talents Support Plan of the Ministry of Edu-
cation. It is a spirited team of innovation and creation.
SKL encourages young scholars to visit famous interna-
tional universities or research institutes for further im-
provement and cooperation. In recent years, the lab has
sent more than 20 young scholars to engage in studies
and research collaboration abroad.

SKL has accomplished win-win cooperation with
internationally renowned research institutes such as the
University of Michigan, the Japan Aerospace Technol-
ogy Development Agency, the Institute of Metal Mate-
rials of Tohoku University in Japan, the Material Re-
search Center of the University of Oxford in the United

Contact information
Postal Code: 430070

Kingdom, the Composite Materials Research Center
of the University of California, and the National Insti-
tute of Fuel Cell Research in Canada. Based on SKL,
the Ministry of Science and Technology has established
the International Joint Laboratory for New Materi-
als and Compound Technologies, which is one of the
first batches of 33 international joint laboratories in the
China. The State Administration of Foreign Experts Af-
fairs and the Ministry of Education established the In-
novation and Intelligence Base for Material Composite
new Technology and Advanced Functional Materials
and Advanced Preparation Technology and Applica-
tion Engineering of new Functional Thin Film Materi-
als. SKL has established the WUT — Harvard University
Nano Joint Laboratory, Joint Laboratory of New Energy
Materials and Technology of Wuhan University of Tech-
nology—University of Michigan, Wuhan University of
Technology—University of California, Davis, Multiplex
Multi-scale New Technology Laboratory for Compos-
ite Materials, Wuhan University of Technology—Ox-
ford Advanced Composite Ceramics Laboratory Etc..
Relying on those important international collaborative
research platforms, SKL has undertaken a number inter-
national cooperation projects.

With an area of 25350 m?, SKL possesses the re-
quired equipment for advanced materials synthesis and
processing, material structure analysis, characterization
and performance test, in total value of about 225.38 mil-
lion RMB.

Address: 122 Luoshi Road, Hongshan District, Wuhan, Hubei, P. R. China R

Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

6611 obpasoBaH 27 mag 2000 roma oT OBIBIIETO
YXaHbCKOTO YHHMBEpPCUTETAa TEXHOJIOTHI (OCHOBaH
B 1948 1.), YXaHBbCKOrO YHMBEpPCHUTETAa TPaHCIIOP-
Ta (ocHOBaH B 1946 T.) 1 YXaHBbCKOTO aBTOMOOMJIE-
CTPOUTENIPHOTO TIOJIMTEXHUYECKOTO YHUBEPCUTETA
(ocHoBaH B 1958 1.). YVYT sgBnseTcs OOIHUM W3 BEIy-
IMUX KUATANCKMX YHUBEPCUTETOB, IMOTYMHSIOIINXCS
MuHucTepCcTBY 00pa3oBaHUsI, M OMHUM U3 YHUBEP-
CHUTETOB, BXOISIINX B TOCYTapCTBEHHYIO ITPOrpaMMy
10 CO3IaHWIO YHUBEPCUTETOB MIPOBOTO YPOBHSI C BHI-
COKOITPOheCCHOHATBLHOI IOATOTOBKOM IT0 OCHOBHBIM
crenraabHOCTIM. YYT Takke COBMECTHO KypHpyeT-
cs1 MuHuctepcTBoM 0o0pa3zoBaHUs, MUHUCTEPCTBOM
TpaHCIopTa, locCymapcTBEHHBIM  OKEaHWYCCKUM
ympaBieHneM U locymapCTBEHHBIM VIIpaBJICHHEM
0 HayKe, TeXHOJOTHWSIM M HaIlMOHAJIbHOI Oe3omac-
Hoctu. B mpengpiaymue 70 met YYT BoImycTHi 6ojee
500 000 WHXEHEPOB M TEXHUYECKUX CITEIMAINCTOB,
CTaB, TaKUM 00pa3oM, KPYMHEHIINM YHUBEPCUTETOM
M0 TIOATOTOBKE KaIpOB B TpeX OO0JACTSIX ITPOMBIII-
JICHHOCTU — CTPOMTEIBHBIX MaTepHrajax, TPaHCIIOPTe
¥ aBTOMOOMIIeCTpoeHNH. [ToMIUMO TTOATOTOBKY BEICO-
KoIpoheCCUOHATBHBIX CIICIINAINCTOB IS BBINICYKa-
3aHHBIX 001acTeil mpoMbIlIeHHOCTH, ¥ YT Takxke m0-
CTHUTAeT 3HAYUTENBbHBIX HAYIHBIX M TEXHOJOTHMICCKUX
PE3YIbTATOB.

Ha ocHoBe miurtenbHOro o0ydeHus cTyaeHToB YYT
copMupoBal 00pa30BaTEIBLHYI0 MOACIb C OTINYHU-
TeJIbHBIMU OCOOEHHOCTSIMM: yIIeJisid MHOTO BHUMAHMSI
U CUJI BBICOKOMY Mjiealy pa3BUTUS YUPEKIEHUSI, KOTO-
pblii o6sanas O6bI BCEMUPHBIM YBaXKEHUEM W MpPU3HA-
HUEM, YHUBEPCUTET HECET UACIO0 «TBEPIOCTU B ITUKE,
BCECTOPOHHOCTU B 00pa30BaHUM U PA3BUTUU BBICOKOTO
MacTepCTBa» U CJAEAYET OCHOBHOMY MPUHLMITY: «pa3-
BUTHE CTYIEHTOB — 3TO Hallla CYyIIHOCTb, pa3BUTHE Ha-
yKu — npuoputet». YYT peanusyeT o6pa3oBaTeIbHYIO
KOHLEMLMIO «00eceueHUs TPeBOCXOAHOTO O0yUeHu s,
B3pallliBaHMUSI BHICOKOKBAIM(MUIIMPOBAHHBIX CITCIIN-
aJIUCTOB U CO3JIaHUS PEKpacHoM XXu3Hu». YYT HeceT
OTBETCTBEHHOCTb 3a CO3[aHUE YUpeXXAEHUsI, KOTOPbIi
o0ecneyuT KayecTBeHHOe 00pa3oBaHue C LeJIblo TOI-
TOTOBKU CTYIE€HTOB K XXM3HU C BOCTpeOOBAHHOU Mpo-
deccueil u OTIMYHBIMU HaBBIKAMU.

YHuBepcuter o61anaeT TpeMs OCHOBHBIMU KaMITy-
camu: Madanrman, FOnsuroy n Cayd Jleiik, KoTopble
3aHMMAIOT, B OOILEN CJIOXHOCTH, ILIowanb 267 rek-
TapoB. B HacTosMii MOMEHT 4YHCIEHHOCTb INTaTa
VYT cocraBngeT 5 508 genmoBek, BKiouas 3 282 mraT-
HBIX COWHUIBI IPOhecCcOPCKO-IPernogaBaTeIbcKOTo
cocraBa, | akagemuka Kwuraiickoil akamemMuu Hayk,
3 akamemukoB Kwuralickoil WHXXEHEpHOU aKaJIeMUU,
1 mHOCTpaHHOTrO WieHa Poccuiickoil MHXXEHEpHO! aka-
nemuu, 1 wiena EBporeiickoit akageMun Hayk, 1 4je-
Ha ABCTpPaJMICKON aKaleMuu TEXHOJOTMYECKMX HaykK
1 MHXXEHEPHOTo UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpodeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KAUECTBE «CTPATETUICCKMX YUCHBIX» B 00IaCTH
MaTepUAIOBEACHUS W WHXEHEPHOTO Iejla, MAaIINHO-
CTpoeHMsI, MHMOOPMAIIMOHHBIX TEXHOJIOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteibeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHNKOB 13 HAIIMOHAIBHOM
TIPOTrpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 HuX 28 Bxomar B IIporpaMmy peKpyTHWHTa
MEXIYHApPOIHBIX BSKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpaMma ThicsiuM crienuaaucTos), 6 — B IIporpam-
My OECSTH TBICSY CIIeIUanncToB, 14 — B IIporpammy
yuyeHblX Yenr Konr, 7 sBnsitoTcs jaypeatamu Haumo-
HaAJIBHOTO HAyYHOTO (POHA TSI MOJIOIBIX BBITAIOIITIX-
¢S YUICHBIX, 3 BXOOAT B HammoHanpHYIO IporpaMMy 3a-
CITy>KeHHBIX Tpenoaasateiei u 11 — B HaumoHanbHbIH
TIPOCKT COTHH, THICSYU U ICCSITU THICSY CIICIIUATICTOB
HOBOTO BeKa.

YHUBepCUTET BKIIOYAeT 24 HaydHBIE IITKOJIBI, 4 TO-
CyIapCTBEHHBIC KJTIOUEBBIC J1abopaTopuu, § rocymap-
CTBEHHBIX KJIIOUEBBIX CIlelMajbHOCTEl, 77 oOpa3oBa-
TEJBHBIX TIPOrpaMM acCIUPAHTYPhl U ITOKTOPAHTYPHI,
226 mporpaMM MarucTparypsl, a Takxke 90 mporpamMm
Oakamaspuara. B ynusepcurere 54 986 oOydaroiimx-
cs1, cpeid KOTOpBIX 36 452 cTymeHTOB OakajaBpua-
Ta, 17 224 CcTyneHTOB MarucTpaTypbl U acITMpPaHTOB,
a takke 1 310 MHOCTpaHHBIX CTYyIeHTOB. boiee ToTO,
MyOJIMKAIIUM TI0 MaTepUAIOBEICHUIO, MHKCHEPHOMY
JeJly U XUMUU 3aHUMAIOT BepXHue 5% B HayKOMETpU-
yeckoit 6aze MHcTuTyra HayuHoit nHdopmatmu CIITA
(Essential Science Indicators) MexXXIyHapOITHOTO peii-
TUHTA 00JIacTel 3BHAHUIA.

YVT pacnionaraet 34 ”THHOBAIIMOHHBIMU MCCIIEIOBA-
TEJILCKUMU IIEHTPAMHI MEKIyHAPOITHOTO YPOBHSI, BKITIO-
yasg IBE TOCYIApCTBCHHBIC KITIOUEBEIC JIAOOPATOPUM,
OIHY TOCYIapCTBEHHBIN WHXEHEPHYIO J1abopaTopuIo,
OIWH HAIIMOHAIBHBIN WHXKWHUPHHTOBBIA MCCIICIOBA-
TEJIBCKUI ILIEHTP, a TakKe J1abopaTopry BEIOMCTBEH-
HOTO WM OO0JACTHOTO MOTYMHEHMSI B cdepe HOBBIX
MaTepuaIoB M CTPOUTEIIBHBIX MaTepHajIoOB, TpaHCIIOpTa
¥ JIOTUCTHKM, MEXaTPOHUKN W aBTOMOOMJIECTPOCHUSI,
WH(MOPMAIIMOHHBIX TEXHOJIOTHI, HOBBIX BUIOB 3HEp-
TUU, PECYPCOB M TEXHOJIOTMI 3aIIUTHI OKpPYXKAaroIeit
Cpenbl, a TakKKe YIPaBIICHHUST OOIIeCTBEHHOI Oe3ormac-
HOCTBIO M YPe3BBIYatHBIMU CUTYalIusIMI. BMmecTe ¢ TeM,
YHUBEPCUTET OCHOBaJI OKoJIo 230 mMccaemoBaTeIbCKIX
IEHTPOB COBMECTHO C MYHHIIWITAJLHBIMHA BIIACTSIMU
1 MecTHBIMM TipennpusatuasMu. Haumnag ¢ 2010 rona,
VYT nonyuni 14 rocymapcTBEeHHBIX MMPEMUIA TT0 HayKe
¥ TEXHOJIOTHSIM, 3aHSB TOIOBBIC IMO3UILINHN B PECUTUHTE
KHATAWCKMX BBICIINX YUCOHBIX 3aBEICHUIA.

VVT ycTtaHOBWJI CBSI3M 151 CTyAEHYECKOro ooMeHa
¥ HayYHBIX UCCIIefoBaHMIi ¢ 0ojee, yeM 190 mHOCTpaH-
HBIMUA YHUBEPCUTETAMH W HAYIYHBIMM WHCTUTYTAMU
n3 CIIA, Benmkoopuranum, Anonun, @Dpanumu,

Asctpanuu, Poccum, HunmepmanmoB m Ap., a Takxke
npuntacunl 6onee 300 BCceMMPHO M3BECTHBIX HCCIIE-
JIoBaTejicii B Ka4eCTBE CTPATETUUCCKUX YUCHBIX, TIPH-
IAIIEHHBIX U MOYeTHBIX TTpodeccopon. C 2007 roma
YVYT moxyamt 1ipaBo OCHOBATh B BEAYIINX KUTAUCKIX
VHUBEPCUTETaX 5 0a30BBIX IEHTPOB BHEAPCHUSI MHO-
CTpPaHHBIX MPO(eCCHOHATLHBIX HAIIPaBICHU B Clle-
IYIOIIUX O0JIACTSIX: TEPCIIEKTUBHBIC TEXHOJIOTUM IIJIST
CHHTe3a W 00padOTKM MaTepuajioB, IEPCICKTUBHBIC
TEXHOJIOTUU [JISI BBICOKOIIPOM3BOMUTEIBHBIX KOpa-
0J1eil, mepCIeKTUBHBIC TEXHOJIOTUM MIJI TTPOM3BOICTBA
(YHKIIMOHAIBHBIX TJICHOYHBIX MAaTEPHAJIOB U €T0 UC-
MIOJIb30BaHNEC B WHXKCHEPUM, KITIOUEBBIC TEXHOJIOTUM
IJIST TPAHCTIOPTHBIX CPEACTB C MCITOJIB30BAaHUEM allb-
TEPHATUBHBIX BUIOB SHEPTUU W 3KOJOTMIHBIX CTPO-
WUTEJTBHBIX MaTepuaaoB. KpoMme Toro, yHUBepCUTETOM
OBUIM OCHOBaHBI: MeXIyHapoaHasT COBMECTHAsI Jia-
OopaTopus TTePCIIEKTUBHBIX TEXHOJIOTUI UIST CHHTE3a
1 00paboTKM MaTepuanoB, baza MexxayHapomHOro Ha-
YYHO-TEXHUIECKOTO COTPYIHUYECCTBA B OOJACTH KO-
JIOTUIHBIX CTPOUTEIBHEIX MaTepuaiioB, baza mexmy-
HApOTHOTO HAYYHO-TEXHMYECKOTO COTPYTHHMYECTBA
B 00JIaCTM WHTEIICKTYaJIbHOTO KOpabJIeCTpOCHUS
n mopckoit 6esonacHoctr. C 2009 roma YYT cosnan
14 MexXIyHapOTHBIX COBMECTHBIX MCCJICIOBATEIBCKIX
LIEHTPOB ¢ MEXIYHAPOIHO MPU3HAHHBIMU MHCTUTYTA-
mu 3 CIIA, Benmnkooputanum, Mtanum n Hunepnan-
IIOB, BKJIIOYAs KITIOUYEBYIO JIAOOPATOPHIO TEXHOJIOTHIA
HOBBIX 3HEPTOHOCHUTENIC M KOHBEpPCHUU (COBMeECT-
HO ¢ MUWYWTAaHCKUM YHHMBEpCUTEeTOM). B 3TOM ImIa-
HE C HUM aKTUBHO coTpyaHu4Yaiu CayTreMNTOHCKUA
VHUBEPCUTET, LIEHTP TEXHOJIOTUI BHICOKOIIPON3BOIN-
TEJIbHBIX Kopabireii, a Takxke COBMECTHBIN MCCIIeI0BA-
TEJIbCKUI LIEHTP WHTEJUICKTYaIbHOTO KOopabjecTpoe-
HUS 1 OBIDKeHUS (BMecTe ¢ JdeadTcKuM TeXHUTIeCKIM
yHuBepcutetoM). B 2016 rony B mapTHepcTBe ¢ YHU-
BepcuteToM Yanbe Tpunutu Ceitnr JdsBun (Bemmnko-
oputanmst) B CyoHCH OBIT OCHOBAH MEXIYHAPOIHBIN
UWTSD VYxaubcknii Jlurour Kosnemx.

B 2017 YuwuBepcuteT BolIeJl B TaKUe PEUTUHTH,
kak Times Higher Education World University Rankings,
0S Asia University Rankings, U.S.News Best Global
Universities Rankings and Shanghai Ranking’s Academic
Ranking of World Universities.

0030p AeATEIHLHOCTH
MeKayHApOIHOM MIKOJIbI MATEPUAIOBEAEHUS
1 HHXKEHEPHOTO0 JeJia

B cBs3u ¢ OonblIoit HEOOXOOAUMOCTBIO pedOpMBbI
HaIlMOHAJIBHOM CHCTEMBI BBHICIIIETO OOpa3OBaHWUS, Ie-
SITEIPHOCTE MeXIyHapOMTHOM IIKOJBI MaTepHaioBe-
IeHUs 1 WHXeHepHoro aena (magee MIIMuM/) YVT
HaIlpaBJicHa Ha CO3IaHue TIEPBOKIACCHOM MHHOBAIIN-
OHHOM TUTOIIAAKM IIJISI TTOATOTOBKY BBEICOKOKBATM(H-
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IIMPOBAHHBIX KAAPOB 1 MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaoBeIeHNUSI M WHXEHEPHOTO Jiea.

YVYT — onuH U3 BeoylUX KUTAUCKUX YHUBEPCUTE-
TOB TION ympaBieHneM MUHHCTepCTBAa 00pa3oBaHUS
¥ OMH U3 YHUBEPCUTETOB, MPUOPUTETHO MOCTPOCH-
HOTO B paMKaxX TOCyZapCTBEHHOTO IpoeKTa «State 211
Project» 1151 KUTalCKMX BBICIIMX YYEOHBIX 3aBEICHUIA.

C 1996 roma YYT peanusoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJpoB TyTeM IPOBENCHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXTYHApOIHbBIE TIPO-
TpaMMBbI, TIPOTPAMMBbI MaTUCTPATYpPhl U aCIIMPAHTYPHI.
MIIMuW/I 66uta ocHoBaHa B amipesnie 2014 rona u yT-
BepxkreHa JlermapTaMeHTOM 0Opa3oBaHUST MPOBUHIIUN
Xy0sii. B utore 2015 roma MILIMuM/I 6n11a BHECeHA
B niepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETHbHBIX
IIEHTPOB», TOIEPXKUBAaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHMsl KHP 1 MuHMCTEpCTBOM MeEXAyHApPOIHOIO
cotpynHuyectBa. earenbHocts MIIIMuMJI mocBs-
meHa pa3paboTKe 3HaHUI B 00JIaCTH MaTepuajioBee-
HUST M UTHXXEHEPHOTO JIeJia 33 CYeT ONITUMU3AINHY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBaTEIbCKOTO
COCTaBa, a TakKXKe OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTICIIUATTUCTOB C LIETbIO Pa3BUTHUS UH-
JTYCTPUU MaTepUaIOB KaK TEXHOJOTUIECKON TiaTdop-
MBI ¥ Ky3HUIIBI KaJIpOB.

Crneumuansaocth YYT «MaTepuanioseneHnne
¥ HHXKEHEPHOoe J1eJI0» BOIILIA B TONOBbIE 2%
B YeTBEPTOM peiiThHre cnenuaiabHocTeil Kuras

LleHTp pa3BUTHST KUTAICKOTO aKaleMUUECKOTO 00-
pa30BaHUsI HEMABHO OOBSIBUI PE3YJIbTaThl YETBEPTOTO
peiTHra crnenuaibHocTel Kwutas: crenmambHOCTh
VYT «MarepuanoBeneHre 1 MHXEHEPHOE IEJI0» 3aHSI -
JIa caMBIi BEICOKUI YPOBEHb — YpoBeHBb A+ (3 yHUBEp-
CUTETa 3aHUMAIOT 3TOT YPOBEHb, 006pa3ys TormoBbie 2%
B Kurae).

Cpenu olLEHMBAaeMBbIX CIielMaibHOCTE — 4 cre-
nranbHocTH YYT (MalmmmHOCTpOEHUWE, TPAHCIIOPTHAS
WHXEHepusl, NW3aliH W TEeOpus] MapKCU3Ma) 3aHsUIU
ypoBeHb B+ (10—20% BepXHUX MO3UIMN pPEUTUH-
ra) u 6 crelMaJbHOCTEN PACTONOXWINCh Ha YPOBHE
B (20—30% BepxHMX MO3UIMI PEUTUHTA), a 3TO: TIPH-
KJIagHass 9KOHOMMKA, TPaXIAHCKOE CTPOUTETHCTBO,
MHOOPMAIIMOHHBIE 1 KOMMYHUKAIIMOHHBIE TEXHOJIO-
TWU, TEOpUsI BEIUUCIUTEIHHBIX MAIIMH U CUCTEM, 3a-
IIMTa OKPYXKAIOMIeH Cpeabl U WHXEHEPHOE N0, Me-
HEDKMEHT U MHXXEHEPHOE NEJO.

[Mo cpaBHEeHWIO C OBIBIIMMU TpeMsi PEeUTUHTAMU
crienanbHocTell B Kutae mosnnuu YYT 3HaunTebHO
YAYUIIWIACH, TTOMHSBIIUCH MO BEPXHUX 2% MpakTh-
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YecKH ¢ HyJis. BMecTe ¢ TeM, YUCIIo crielMaibHOCTEIH,
3anuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1o 4, u3 20—30% BepxHux ctpouek — ¢ 4 10 6. Takue
CITEIMATbHOCTHU, KaK MaTepuaoBecHUEe U UHXKEHep-
HOE JIeJI0, MallTMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSI MapKcuU3Ma U TMPUKIIAJAHAST SKOHOMMKA,
MOKAa3aJIi 3aMETHBIC Pe3yTbTAThI.

B cBs3u ¢ Tem, uro B 2000 romy MOSBUINCH TPU
IIKOJTBI B paMKax peali3aiii rocy1apCTBEHHBIX KPYII-
HOMACIIITaOHBIX TTPOEKTOB, TAKUX Kak «['ocymapcTBeH-
HbI TIpoekT 21 1» 1 «985 MHHoBanmoHHas riatdhopma
JUTSL BBICIIMX CITEIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MarepuajioBeneHue U UHXKEHEPHOE NEJI0»
B paMKax (hakyiabTeTa, HayYHBIX MU3BICKAHWIA, MTOATO-
TOBKM WHHOBAallMOHHBIX KaapoB M MEXIyHApOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHUE
HECKOJIbKO JIET BAXKHOCTD CITEIINATbHOCTH U €€ YPOBEHb
OBUIM pacIIMpeHbl, TIOTHSB e¢ ¢ 22 MecTa B peHTUHTE
B 2002 romy mo 5 mecta B 2012 1 1o 3 MecTa B TeKyIIeM
romay. 3a 70 ieT 0GyJeHHUsI 110 3TO CIIeUaTbHOCTH JJIST
CTpaHbl OBUIM TMOATOTOBJIEHBI BBICOKOKBAIM(MUIIUPO-
BaHHbBIC Kalpbl JUJIST CTPOUTEILCTBA U WHIYCTPUU TTPO-
M3BOJCTBA CTPOUTENIHBIX MaTepualioB U TOJTyYCHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKIJIAZIOM B Pa3BUTHE HAIITMOHAITb-
HOW WHIYCTPUM CTpoiMaTepuasioB, obecrieuynBast ee
CTAOWJTBHBIN POCT JUTS 3aHSITUSI BEAYIIETO TIOJIOKCHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTEIIHHBIX MATEPUATIOB.

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

T'ocynapcTBeHHast KJiouyeBas Jjaboparopus Iep-
CIEKTUBHBIX TEXHOJOTMU CUHTE3a U 00paboOTKU Ma-
tepuanoB (Kpatko I'KJI) — »3To rocymapcTBeHHas
JlabopaTopusi B 00J1aCTU MEPEIOBBIX MaTepUalioB, OC-
HoBaHHas1 ['ocynapcTBEHHBIM MJIAHOBBIM KOMHUTETOM
B YVYT B 1987 r. I'KJI HaxomuTcs 1o pyKOBOICTBOM
MunucrtepctBa Hayku U TexHosnoruit KHP. B Hacto-
S MoMeHT HaydyHbli KomuteT I'KJI BosriasisieT
yieH Kuratickoit akanemuu Hayk ripocdeccop I'y bun-
e 1 HetHemHui qupekTop 'KJI mpodeccop Doy
JIKeHbI'U.

HesitenbHoctb I'KJI HampaBiieHa Ha mepeaoBbIe 10-
CTUXXEHMS B MaTepUAJIOBEIEHUN W BBITIOJIHEHUE TOCY-
JIapCTBEHHbIX 3aKa30B B 310l oonactu. B I'KJI 3anuma-
JOTCSI CO3TaHUEM BBICOKOKAYECTBEHHBIX KOMIIO3UTHBIX
MaTepuaJioB M pa3pabOTKON CTpaTerMuyeCKU BaKHBIX
MaTepuaJioB C LIeJIbI0 MX HMCIOJIb30BaHUS B HALMO-
HaJbHOW cHUCTeMe OOOpPOHbI U PAa3BUBAIOIIMXCSI MPO-
MBIIUIEHHOCTSIX 111 o0ecTieyeHs TOJUTUKU rocyaap-
ctBa; I'KJI mpoBoouT HecTaHmAPTHBIC M CUCTEMHBIC
HCCIIEIOBAaHNS MHPOBOTO OMBITA B TpaHC(HOPMATHUB-
HBIX TEXHOJIOTUSIX U HOBEUIIMX MAaTepuaoB, a TakxKe
B MEXAVMCUUITIMHAPHBIX 001aCTSIX, BBITTOJHSISI MEXTY-
HapoJIHble Pa3pabOTKU HEKOTOPBIX KIIOUEBbIX HOBEW-
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mux marepuanon; ['KJI sBasercs Benyieit 1abopato-
pueil IO ITIOATOTOBKE BBICOKOKBAIM(DUIIMPOBAHHBIX
CMELMATMCTOB M0 MaTepUATOBEAYECKUM CIeLMaTIbHO-
CTSIM U UHXXKEHEPHOMY JIeJly ¢ HAyYHBIMU U3bICKAHUSI -
mu. I'KJI pa3zBuBaeT MexXnyHapoOaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHWYECTBA, MPOBOJAS COBMECTHbIE
MEXTOCYyIapCTBEHHbIE HCCJENOBaHUS sl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHUS
OTEYECTBEHHOI KYJbTYPbl U €€ MPUBJIEKATEIbHOCTHU
B MUpe.

Doxycupysich Ha o0ImmX Hersax u 3agadax, ' KJI cos-
JaeT U pa3pabaTbIBa€T MHOTOKOMIIOHEHTHYIO, pa3HO-
MaclTabHyI0 U MHOTOYPOBHEBYIO TEOPUIO MPOEKTUPO-
BaHUs MaTeprajioB. OHa CTaHET BasXKHBIM PYKOBOICTBOM
IJIs1 pa3paboOTKU TEXHOJOTUU TPAAUEeHTHBIX KOMITO3UT-
HBIX MaTepUaoB, TEXHOJIOTUM KOMIO3UTHBIX COOPHBIX
MaTepuajioB, TEXHOJOTMM HAHOKOMIO3WTOB WU WHTE-
TPUPOBAHHOI MHHOBAIIMOHHOM TIIaT(OPMBI B KAUECTBE
1aBHOM omopbl. OHa TaksKe ITO3BOJIUAT M3yJaTh IIep-
CMEKTUBHBIE KOMITO3UTHbBIE MaTEPUAIbI /151 YIyJILEHUS
BOEHHOTO OCHAILIEHUS 1 BOOPYKEHUSI, MAaTepUaJIbl, CIIO-
COOCTBYIOIIME PALlMOHATILHOMY MCITOJb30BAaHUIO SHEP-
TEeTHYECKUX PECYPCOB TSI HOBBIX 3HEProdh(MeKTUBHBIX
TEXHOJIOTMI, HAaHOKOMITO3UTHbIE OuoMaTepuabl ISt
MEIUKO-OMOIOTMUECKIX HayK, (PYHKIMOHAIBHBIC Ma-
TepraIbl IIsT THMOPMALIMOHHBIX TEXHOJIOTHI 1 TpaHC-
(hopManmmoHHO-OpMEHTUPOBAHHBIX TexHOMormit. ['KJI
OrpeAe/Jvyl 5 HaydyHbIX HaNpaBlIeHUN HCCIeAOBAaHUIA:
rpaleHTHbIE KOMMO3UIIMOHHBIE TEXHOJOTUU U HOBbBIE
MaTepuaibl, TEXHOJIOTUM KOMITO3UTHBIX COOPHBIX Ma-
TepUaJioB, HAaHOKOMITO3UTHbIE TEXHOJOTMU W HOBBIE
MaTepuabl, MpeodpasyolIe TEXHOJIOTUM 1 TIEPEIOBbIE
MaTepuayibl, MPOEKTUPOBAHWE MATEPUATIOB U OCHOBBI
KOMIO3UTHBIX MaTEpPUAJIOB.

B I'KJI pa6oTatot 103 mTaTHBIX HAQYYHBIX COTPYIHU -
Ka, | akamemmk Kwuraiickoii akameMuu HayK, 2 aKame-
muka Kuraiickoit ”HXeHEepHOU akaneMuu, 1 akageMuk
benbruiickoit KopoaeBcKoil akagemun HaykK u EBpo-
neicKol akanemMuu Hayk, 1 akanemMuk MexmyHapom-
HOT aKameMn KepaMUKH, 12 TTOYeTHBIX MHOCTPAaHHBIX
9KCIepTOoB, 1973 HayIHBIX PYKOBOIMTEIICH ITPOTPaMM,
5 cruneannatoB MoHma IOATOTOBKU TaIAHTIMBOM
MoJonexu, 4 Beaynmx crenranicra u3 Hanmonans-
HO TIpOTpaMMBI IECSITH THICSY CIIEIUAINCTOB, 7 TI0-
oenuteneil npemuu Pacesetter Engineering in the New
Century, 5 cturtenauaroB npemMun Yenr Konr u 18 no-
oenuteneil IlpoekTa nomaep>KKW BbICOKOKIACCHBIX

KoHTaKkTHasa

nudopmauus Postal Code: 430070

CHEeLMaJUuCcCTOB HOBOTO BekKa MuHMcTepcTBa 00paszo-
BaHMSI. DTO KOMAaHIa, BOOXHOBIICHHAs WHHOBAIIMSI-
MM W co3umaTeNbHBIM TiporieccoM. ['KJI MoTuBmpyeT
MOJIOIBIX YYCHBIX MOCeIlaTh 3HAMCHHMTBIC MEXKIyHa-
pOIHBIC YHUBEPCUTETH WU MCCIIEIOBATEIbCKIC WH-
CTUTYTBl B IIEJISIX YCTAHOBJICHUSI COTPYIHUYECTBA.
3a TociemHee BpeMs J1TabopaTopus OTIIpaBMjIa Oojee
20 MOJIOIBIX CTICIIMAIMICTOB IUISI YIACTHSI B COBMECTHBIX
KUCCIEAOBAHUSIX 3a TPAHULLY.

I'KJI ycTtaHOBWJIO B3aMMOBBITOIHOE COTpPYIHUYE-
CTBO CO BCEMHMPHO W3BECTHBIMA HAyYHBIMU HWHCTHU-
TyTaMd: MWYUTAHCKAM YHHBEPCUTETOM, SIITOHCKUM
areHTCTBOM aBMAaKOCMMYECKUX TeXHOIOruit, MHCTHTY-
TOM MeTajijioB yHUBepcuteTa Toxoky B Amnonun, LleH-
TpoM MaTepranoBeneHIsT OKChOPICKOTO YHHBEPCUTETA
B BermkoOputanum, HaydHBIM IIEHTPOM KOMITO3UTHBIX
matepuanioB KamugopHuiickoro yauepcurera u Ha-
IMOHAIPHBIM WHCTUTYTOM WCCJICIOBAHUS TOIUTMBHBIX
anemeHToB B Kanane. Ha ocHose I'KJI MuHuctepcTBo
HayK U TEXHOJIOTWIA OCHOBaJ MeXIyHAapOIHYIO Ja-
0OpaTOpUIO HOBBIX MATEPUATIOB M KOMIUICKCHBIX TEX-
HOJIOTUIA, KOTOpasl CTajJla OOTHMM W3 TIePBHIX (hHHa-
JI0B 13 33 MEXIyHapOITHBIX COBMECTHBIX JJadOpaTopuii
B Kutae. PykoBomctBo MuHUCTEpPCTBA MEXKIYHAPOII-
HOTO COTpyaHUYecTBAa 1 MHUHHCTEpCTBA OOpa30oBaHMUS
yupenuy basy MHHOBalLIMiIT ¥ 3HAHUI IJIST HOBBIX TE€X-
HOJIOTUIA CO3MaHUsT KOMIIO3UTHBIX MaTePUAJIOB M YIyd-
IIEHHBIX (QDYHKIIMOHAJIBHBIX MAaTEPUAJIOB, a TakKKe IS
YCOBEPIIICHCTBOBAHHON  TEXHOJIOTUM  IIPOM3BOICTBA
1 pa3pabOTKM WHKCHEPHBIX pEIICHMIT HOBBIX (PYHK-
LIMOHAIBPHBIX TOHKWX IUICHOYHBIX MarepuanonB. ['KJI
OCHOBaJI COBMECTHYIO HaHOJIabopaTopuio Mexmy YVYT
u 'apBapIcKM YHUBEPCUTETOM, COBMECTHYIO J1abopa-
TOPUIO HOBBIX SHEPTOHOCUTENICH W TEXHOJIOTUI MEXKIY
VVT u MuuyuraHckKuM yHUBEPCUTETOM, KOMIUIEKCHYIO
JTabOpaTOPUIO Pa3HOMACIITAOHBIX TEXHOJIOTHI KOMITO-
3ULIMOHHBIX MatepuaioB Mexny YYT u JlabopaTopu-
el yIIy4IIeHHOW KOMIIO3UTHOM Kepamuku Oxcdopna.
Ommpasich Ha yKa3aHHBIC MEXXIyHApOTHBIC MCCIICI0BA-
Tenbekue Tiomanku, ['KJI puHSIo yyacTue B Lesoi
CEpUU COBMECTHBIX MEXIYHAPOAHBIX IIPOEKTOB.

Ha mmmomagm 25 350 kB.M. I'KJI pacmonoxeHo He-
obxonumoe o0opymoBaHME IJISI CUHTe3a U 00paboTKuU
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TYpPHOTO aHajM3a MaTepHajoB, WCHBITAHWII WX 3KC-
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ABSTRACT: The article provides an abstract review of patents. The results of creative activity of scientists, engineers and specialists,
including inventions in the field of nanotechnology and nanomaterials, being implemented, allow achieving a significant effect
in construction, housing and community services, and related sectors of the economy. For example, the invention «A method to
produce graphene-containing suspensions by means of graphite exfoliation and a device to perform it» refers to chemical and
construction industries and can be used in modification of plastic lubricant, epoxy resins and concretes. The technical task of the
invention is to increase efficiency of graphite exfoliation, to produce graphene-containing suspensions in continuous mode and
to decrease unit labor costs for production of such suspensions.

The task is achieved due to the following steps of the method: preparation of mixture of crystal graphite and liquid, graphite
concentration is from 10 to 20 mass percent in container for initial suspension, supply of initial suspension into rotor plant, exfoliation
of graphite and withdrawal of treated suspension from rotor plant, exfoliation of graphite is performed in several rotor plants one
after another, and initial suspension is supplied into the first rotor plant by pump with fixed consumption, after treated suspension
has been withdrawn from one of rotor plant, it is supplied into next rotor plant, and from the last rotor plant treated suspension is
delivered into centrifugal separator, after separation centrifuge effluent is supplied into container of finish product and precipitate
is delivered to a container of initial suspension in which graphite and liquid are added to obtain specified concentration of graphite
in initial suspension.

The specialists can also be interested in the following inventions in the area of nanotechnologies: Evolution of PV technology from
conventional to nano-materials; a composition of coating for colored decoration of building walls; ferroelectric nanocomposite on
the basis of porous glass and monopotassium phosphate materials; innovative technology of municipal wastewater treatment for
rapid sludge sedimentation and enhancing pollutants removal with nano-material, a method to obtain powder mixture of bidispersed
ceramic and metal particles, micro- and nano-plastic pollution: behavior, microbial ecology, and remediation technologies; a method
to obtain multilayer wear-resistant diamond like coatings; fuel element with composite protective coating et al.

KEYWORDS: nanotechnologies in construction, nanoparticles, nanostructures, nanofibers, nanomaterials.
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INTRODUCTION

A dvanced technologies impress people’s imagination  matically change the world. This, first of all, concerns
emonstrating the latest achievements (materials, nanotechnological inventions designed by scientists, en-
methods, systems, technologies, devices etc.) that dra-  gineers and specialists from different countries.
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MAIN PART

A method to produce graphene-containing suspensions
by means of graphite exfoliation and a device to perform
it (RU 2737925 C1)

The invention refers to chemical and construction
industries and can be used in modification of plastic lubri-
cant, epoxy resins and concretes. The technical task of the
invention is to increase efficiency of graphite exfoliation,
to produce graphene-containing suspensions in continu-
ous mode and to decrease unit labor costs for production
of such suspensions.

The task is achieved due to the following steps of the
method: preparation of mixture of crystal graphite and
liquid, graphite concentration is from 10 to 20 mass per-
cent in container for initial suspension, supply of initial
suspension into rotor plant, exfoliation of graphite and
withdrawal of treated suspension from rotor plant, ex-
foliation of graphite is performed in several rotor plants
one after another, and initial suspension is supplied into
the first rotor plant by pump with fixed consumption, after
treated suspension has been withdrawn from one of rotor
plant, it is supplied into next rotor plant, and from the last
rotor plant treated suspension is delivered into centrifugal
separator, after separation centrifuge effluent is supplied
into container of finish product and precipitate is deliv-
ered to a container of initial suspension in which graphite
and liquid are added to obtain specified concentration
of graphite in initial suspension.

Fig. 1 is a general assembly system. A mixture which
contains liquid and 10-20 mass.% of crystalline graphite is
prepared in the container for initial suspension. Contain-
er 1 comprises a feed unit for liquid from container 7, flow
transmitter 6 and a doser of graphite 8. There is a pump 9

8 7 6

Fig. 1. A general assembly system

with controlled performance between container 1 and
the first rotor plant 2. Due to this pump initial suspension
is supplied into exfoliation unit, comprising 5—10 rotor
plants, consistently connected in such a way that the sus-
pension withdrawal hole of each previous plant is con-
nected to the suspension supply hole of each follow plant,
and suspension withdrawal hole from the last plant 3 is
connected to the suspension supplying nozzle into cen-
trifugal separator 4 through controlled valve 10. Each
rotor plant contains a stator in the form of cylindrical
shell with holes for supply and withdrawal of suspension,
rotor with vanes and a rotary drive of rotor. After separa-
tion centrifuge effluent is supplied into container of fin-
ish graphene-containing suspension 5 and precipitate is
delivered to a container of initial suspension 1.

Evolution of PV technology from conventional to nano-
materials

To meet the increasing demand of clean and green
energy, solar cells are one of the choices [2]. The ad-
vantages of utilizing solar energy is that the solar energy
is both sustainable and reliable. In addition to this, this
resource is always available throughout the year in most
of the regions in the world, which is sunlight. This is ac-
complished through the use of photovoltaic (PV) solar
cells. Conventional solar cells are not efficient enough
and are expensive, relatively speaking. Improvement in
performance of the solar cell is the challenge we are facing
to make solar energy widely usable in our daily life. Until
now, a variety of ideas and research have been gener-
ated to enhance the performance of the solar cell. In fact,
nanotechnology can open the doors for production of cost
effective and efficient solar system on a large scale. The
main aim of this research is to provide an introduction
about the PV cells, its design, parameters, and character-
istics. Further, this research explores the evolution of PV
technology from conventional to new materials such as
nano materials. The paper covers conventional PV cell
and photovoltaic cell. A descriptive comparative analysis
of different solar cells according to their materials, effi-
ciency, life span, benefits, and limitations associated with
them are discussed. Finally, a conclusion of the presented
study and future perspectives are provided. It is envis-
aged that in the future, the carbon nanoparticles and its
allotrope forms such as graphene, carbon nanotubes and
fullerenes will offer high performance as compared to con-
ventional silicon based cell and thus will help in providing
a new outlook for the solar commercial market.

A composition of coating for colored decoration
of building walls (RU 2738655 C2)

It is a long time numerous coating systems used for
colored decoration of building walls have been known.
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As an example, they can be based on dispersed paints,
silicate paints or dispersed-silicate paints. The use of the
coating composition as a coating for building facades or
as a coating for inner walls determines the range of their
characteristics that should be met. In particularly, the use
of coating composition as an interior paint imposes high
requirements to gloss grade. For example, it is necessary
to reach reproducible required gloss grade, such as matt,
medium gloss, also called silk-sparkling and sparkling
(for example, it is stated in DIN 13300). However, it is
not always achievable.

The task of the invention is to design a coating com-
position that allows obtaining special coatings with gloss
grade matt, medium gloss, also called silk-sparkling and
sparkling [3]. The coating composition contains at least
one organic binder comprising polyethylene-co-vinyl
acetate, copolymer on the basis vinylarene compounds
and acrylate or copolymers on the basis of pure acrylates,
liquid glass, kieselsol, at least one the first filler and/or
at least one the first pigment with particle size D, less
or equal 2 um. At this, mass content of kieselsol solids is
higher than mass content of liquid glass solids, in conver-
sion to total mass of solid of coating composition in each
case. The patent also proposes a coating obtained from
such composition, and application of coating composition
to obtain coating on the surface of underlayment.

One should note, kieselsol are available at the market
in the form of aqueous colloid suspensions of molecules
of polysilicic acid. Kieselsol is preferably to be alkaline
and possess pH > 9. It has been also revealed that it is very
profitable, especially if one needs to control desired gloss
grade and matte grade, to use fine-dispersed kieselsols. At
this, the average size of kieselsol particles is preferably to
be 80 nm or less, more preferably — less or equal 40 nm,
the most preferably — less or equal 20 nm. The average
size of kieselsol particles is even more preferably to be less
or equal 10 nm. For each option of invention, the average
size of kieselsol particles also can be determined according
to DIN ISO 9276-1:2004-09 and 1SO 9276-2:2014-05.
The invention makes it possible to produce silk-sparkling
or sparkling coatings, which are high resistant to wet abra-
sion, if preservative-free, unchanging in storage place
composition is used.

Ferroelectric nanocomposite on the basis of po-
rous glass and monopotassium phosphate materials
(RU 2740563 C1)

At present more and more attention is focused on syn-
thetic materials with specified properties, the production
of which is based on the influence of nanosized effects on
the properties of materials. Leading position among such
materials belongs to ferroelectric nanocomposites which
properties are highly sensible to nanoeffects. That is due
surface or boundary effects. Moreover, possibility to vary

parameters of ferroelectric nanocomposites is quite high
due to the presence of phase transitions in them, these
transitions cause softened structure of nanocomposites
and make it particularly transportable.

The invention refers to nanostructured materials with
signified ferroelectric activity used as functional ma-
terials in the modern micro- and nanoelectronics [4].
Ferroelectric nanocomposite material contains matrix
of porous glass and ferroelectric salt of monopotassium
phosphate or ammonium dihydrophosphate as a filler.
Diameter of transverse pores in matrix of porous glass
is 7nm and volume ratio of filler to nanocomposite ma-
terial is 0,2—0,25. The technical result is ferroelectric
nanocomposite material with expanded temperature
range of polar phase.

Innovative technology of municipal wastewater
treatment for rapid sludge sedimentation and enhancing
pollutants removal with nano-material

The rapid development of the economy and the ac-
celeration of urbanization has caused increasingly scarce
water supply worldwide. The massive increase of munici-
pal wastewater and low utilization efficiency of municipal
infrastructures has seriously affected the operation ef-
ficiency of urban system and threatened the ecological
environment and human health. In this study, an innova-
tive technique was developed by periodically adding nano-
floc®, a commercial nano-type flocculant, to the com-
pact, land-efficient modified SBR for treating municipal
wastewater. Firstly, a laboratory-scale SBR was performed
under different operation modes and parameters, and an
innovative experimental method with adding anoxic reflux
and nanofloc® was selected due to the efficient pollutant
removal efficiency. And to investigate the effect of reactor
size on SBR performance, and further verify the superior
overall performance of the modified SBR and provide
technical reference for practical applications, the same
operation parameters were applied in a pilot-scale SBR.
In addition, the mixed liquid suspended solids (MLSS),
mixed liquid volatile suspended solids (MLVSS)/MLSS,
SVI, and sludge particle size in both laboratory- and pilot-
scale modified SBRs were tested to investigate the influ-
ence of nanofloc® on sludge properties. The nutrients
removal mechanism is discussed, and the novel technol-
ogy was compared with AGS [5].

This study provides an alternative technique by add-
ing nano-type composite flocculant to a modified SBR
system. Efficient efluent quality and rapid sludge set-
tling efficiency were obtained in both laboratory-scale and
pilot-scale modified SBRs with a low HRT of 8 h, which
was due to the electrical neutralization and bridging ef-
fects. From the perspectives of settleability of the sludge,
the space, stability, and feasibility of this technology in
the operation of municipal wastewater treatment plants, it
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could be used as an alternative method for upgrading and
reconstructing municipal wastewater treatment plants.

A method to obtain powder mixture of bidispersed
ceramic and metal particles (RU 2740495 C1)

The invention refers to powder metallurgy and can be
used in technologies aimed at forming nanocomposite
materials and alloys. Mixtures are necessary to obtain
composite materials on the basis of nanosize ceramic
particles and microsize metal particles with evenly distrib-
utes in volume particles of matrix, that provides increased
mechanical characteristics [6].

The technical result is the method to obtain powder
mixture of bidispersed ceramic and metal particles that
comprises mixing of powders in liquid-saturated medium
in several steps. Mixing of powders in liquid-saturated
medium is performed in two steps. Solution of petroleum-
ether and stearic acid, mass ratio 199/1, is used as liq-
uid-saturated medium. At the first step ceramic particles
are mixed in liquid-saturated medium for not less than
15 minutes. At the second stage metal microparticles are
added into the mixture and are mixed for not less than
15 minutes with further removal of liquid in drying oven
under the temperature not less than 80°C B for not less
than 24 hours. Diameters of ceramic nanoparticles are
chosen within the range (30+140) nm, diameters of metal
microparticles - within the range (20+180) um, weight
parts of powders and liquid are chosen in ratio 1/2, weight
parts of nanoparticles and microparticles — in ratio 1/19.

The essence of the invention is shown in figures 2a
and 2b.

Fig. 2a. The design of device to obtain powder mixture at
the first stage: 1 — cylindrical container; 2 — mechani-
cal agitator; 3 — mixture of ceramic nanoparticles with
solution petroleum ether/stearic acid

Puc. 2b. The design of device to obtain powder mixture
at the second stage: 1 — cylindrical container; 2 — me-
chanical agitator; 4 — mixture of ceramic nanoparticles
and metal microparticles with solution petroleum
ether/stearic acid

Micro- and nano-plastic pollution: Behavior, microbial
ecology, and remediation technologies

The increase of plastic waste has become one of the
most serious global environmental issues, and a variety
of strategies have been proposed to control the increasing
volume of contaminants caused by plastic waste. Although
many studies have been conducted, only a few studies
have conducted to investigate the microbial remediation
of contaminants using cutting edge nano technology [7].
This study aims at addressing the environmental problems
caused by micro-plastic (MP) and nano-plastic (NP)
particles in the context of nanoscience such as synthetic
nanoparticle plastic integrated research, microbial ecol-
ogy, and remediation technologies to help elucidate their
environmental effects, behavior, transport, eco-toxicity,
etc. Interactions between plastic and microbes generally
cause biofilm formation, which has biological effects that
range from genes by influencing horizontal gene transfer
to whole ecosystems by influencing biogeochemical cy-
cling, carbon (C) sequestration, and climate. Plastic waste
remediation via chemical and bio-nanotechnologies such
as coagulation, membrane bioreactors, biodegradation,
and phytoremediation are also studied. In this respect,
thermochemical conversion of plastic waste into energy
is a promising option. Further, molecular and -omics
technologies can also facilitate the microbial biodegrada-
tion of MPs/NPs by enhancing enzymatic activity levels.

A method to obtain multilayer wear-resistant diamond
like coatings (RU 2740591 C1)

It is known the main cause of wear in heavy-loaded
friction nodes (gear and spline systems) is appearance
of cracks in its contact zone, which results in shearing
distortions and spallings related to fatigue damage and
fretting. One of the ways to rise resistant and performance
of spline systems with coating is to apply multilayer coat-
ings. The layers with certain thermophysical and me-
chanical properties inside the coating are capable to slow
down processes of crack formation and crack proliferation
without decreasing microhardness, to improve thermos-
stressed state of splines with coating and rise wear-resis-
tant. One should also note that high rate and high surge
of the friction intensify fretting-oxidation processes which
cause softening of coating and base material.

The technical result of the invention is a technology
to obtain ultra-hard carbon-metal coating with specified
properties, namely, improved quality of diamond like
films due to the change of their structure and composi-
tion, at this, the lower layer should have high adhesion
with substrate material, middle layer — high hardness and
high wear-resistance, top layer — proper thermal conduc-
tivity and heat-resistance with low friction index [8]. The
technical result is achieved due to the following condi-
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tion: a surface of the product is preliminary treated before
the multilayer diamond like coating application process
starts. Preliminary treatment comprises clearing of prod-
ucts with electropulse finishing in aqueous ammonia so-
lution of low concentration (3—6%) for 2—3 min. The
duration of finishing is chosen in accordance to degree
of pollution and product sizes. After electropulse finishing
ultrasound treatment of the products is performed. For
this the products are placed into ultrasound bath filled
with pure alcohol without contact of cutting edge and
clearing is conducted for 2-5 min. The duration of clear-
ing is chosen in accordance to degree of pollution and
product sizes. Deposition of nanosize wear-resistant coat-
ings on the products is held by means of vacuum plant
BRV600D.

The invention can be used in industry or transport to
increase performance characteristics of mechanisms, parts
of friction nodes and details of precision engineering and
to prolong their life-cycle.

A method to obtain nanocomposite magnetic and
electrically-conductive material (RU 2739030 C1)

The invention can be used in manufacturing of the
parts for electronics, sensors, supercondensers, electro-
magnetic screens, contrast materials applied in magnetic
resonance imaging, in the information magnetic record
systems, as materials absorbing electromagnetic radia-
tion, etc. Hybrid metal-polymer nanocomposites on
the basis of polymers with interface system are materials
of new generation with wide range of functional charac-
teristics [9]. Special place among these hybrid materials
belongs to magnetic nanocomposites. Functional proper-
ties of such nanocomposites are determined by specific
electronic structure of polyconjugated system as well as
by nature of magnetic nanoparticles, that provides com-
bination of magnetic, electric, electrochemical and other
physicochemical characteristics in one material. The aim
of the invention is to create nanocomposite magnetic
material possessing simultaneously electric (electrically
conductive) and superparamagnetic properties, high satu-
ration magnetization and thermal stability, high electric
conductivity, and to develop simple and efficient method
to produce it.

The imposed task is solved due to proposed method
of obtaining nanocomposite magnetic and electrically
conductive material by joint dissolving Co (II) and
Fe (III) salts in organic dissolvent and polymer ma-
trix — polyphenoxazine (PPOA), removing dissolvent
with precursor formation and further IR-heating of ob-
tained precursor, characterized in that joint dissolving is
performed simultaneously with single wall carbon nano-
tubes (SCNT) additionally added in solution, removal
of dissolvent in conducted under temperature60—85°C,
and IR-heating is performed in argon atmosphere under

350—600°C for 2—10 min till formation of nanocom-
posite material which contains 5—10 mass.% of weight
of polymer of SCNT on which Co—Fe particles are
fixed, the total content of Co—Fe particles in material
is 2—45 mass. %.

Fuel element with composite protective coating
(RU 2740701 C2)

After breakdown at APS “Fukushima-1” (Japan) in
2011 and the loss of fuel element, the world witnessed
the start of the program on creation of “tolerant™ fuel (Ac-
cident Tolerant Fuel, ATF), which eliminates production
of hydrogen evolving in zirconium oxidation (zirconium-
steam reaction Zr + 2H,0 —> ZrO, + 2H, 1) and causing
formation of explosive hydrogen mixture in the top part
of reactor. Hydrogen explosion is the most dangerous
phenomenon in the course of radiation emergency and
it results in spreading of radioactive matters at distance
more than 100 km. The technical task being solved in
this invention is to prevent both ballooning and leakage
of fuel elements at early stage of heavy accident with loss
of heat carrier medium and evolving of zirconium-steam
reaction.

The technical task is solved due to the following steps:
a multilayer protective coating is created on fuel-element
cladding; one or several barrier layers in the protective
coating are made of materials selected from the group
comprising tantalum, molybdenus, wolfram, niobium,
vanadium, hafnium (refractory body-centered cubic
metals which form continuous series of solid solutions
in connection with Ti) and outer layer is made of alloy
on the basis of Cr—Al, characterized in that coating con-
tains a composite layer consisting of bundles of nanotubes
placed in plastic matrix of titanium alloy [10].

The new technical result of the invention is that car-
bon-containing material, in particularly, nanotubes with
high specific strength that weakly depends on tempera-
ture up to 2500°C, convoluted on fuel element, provide
“abdominal support” which stops ballooning and explo-
sion of shells at the initial stage of accident accompanied
with loss of heat carrier agent. Outer corrosion-resistant
layer on the basis of Cr—Al alloy slows down oxida-
tion of zirconium and hydrogen formation. Theoretical
evaluations showed that fuel-element cladding’s radial
rift strength under temperature 1000°C and corrosion
resistance under 1400°C increase by more than one or-
der when the proposed composite coating is applied.
Stripping under radiation exposure is not expected due
to hardness of composite layer. It is possible to choose
such a final thickness of the proposed composite coating
(for example, not more than 30 um) that the invention
won’t cause significant changes in fuel-air composition
production technology and that is obvious advantage
of the present invention.
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The science and technology of using nano-materials in
engine oil as a lubricant additives

Nano technology is a developing field. The under-
standing of structures and procedures at the nuclear and
sub-atomic scale (nanoscience) and the usage and con-
trol of nano scale phenomenon for particular purposes
(nanotechnology), have advanced in recent years. The
intersection of nanotechnology with many fields will in-
crease human capability at various levels [11].

This study concentrates on the new application pat-
terns for nanofluids notwithstanding the heat transfer
characteristics of fluids at nano scale. This study describes
the impact of adding lubricant additives on the visco-
elastic and thermo-physical properties of engine oils. The
engine oils used in automotive industry are one of the
most widely used consumable entities. There has been an
increasing demand to improve the performance of engine
oil lubricants. For that purpose, performance enhancing
additives have been added to engine oil lubricants. Subse-
quently, there is an increasing need to show the contribu-
tion lubricant additives make towards the automotive in-
dustry, the consumer, and the impact on the environment.
Such additives encompass applications for lubrication
of passenger car (diesel and gasoline engine) lubricants,
truck, coach and bus diesel engine lubricants, heavy duty
engine oil etc. This study demonstrates the contribu-
tion made by lubricant additives in these applications to
the consumer, industry, and the environment, through
their ability to optimise desirable lubricant properties
while suppressing unwanted ones. The study was con-
ducted in perspectives of nanotechnology.

A method to produce hollow microspheres from
aluminium oxide (RU 2740748 C1)

The invention refers to the methods used to produce
non-organic fillers from hollow nanospheres of alumini-
um oxide, used as the basis for sorbents, catalyst carriers,
fillers for heat-resistant and thermal insulating coatings
and other functional materials [12].

The task of the technical solution was to develop
a method for manufacturing of hollow microspheres from
aluminium oxide as it is aluminium that provides average
size of microsphere in the range from 40 to 100 nm and
at the same time facilitates manufacturing process. The
imposed task is solved in the following way. The method
to produce hollow microspheres from aluminium oxide
comprises: hydrothermal treatment of aqueous solution
of aluminium nitrate and monosaccharide, washing-out
of the product of hydrothermal treatment in the form
of carbon core with aluminium oxide coating in dis-
tilled water, its drying and annealing in air till obtaining
hollow microspheres of aluminium oxide. The novelty
of the method is that hydrothermal treatment of aque-

ous solution (0,001—0,050) mol/1 of aluminium nitrate
and (0,01—0,50) mol/I of fructose is performed under
the temperature (100—125)°C and pressure (0,5—1,0) MPa
for (1—4) hours to create large amount of nucleating seeds
of new phase in the volume of reaction solution and then
under (175—200)°C and pressure (3—5) MPa for (5—25)
hours to provide growth of these nucleating seeds up to
the sizes of several tens of nanometers.

Annealing of the product of hydrothermal treatment
can be performed under temperature (600—800)°C.
Hydrothermal treatment of the initial solution of alu-
minium nitrate and fructose in two-stage mode makes it
possible to specify precisely functional parameters of the
final product due to control of crystal nucleation process
(the first stage) and growth process (the second stage)
which antecede the main product of composite spheres
with the structure “carbon nuclear — oxide coating”.
At the first stage of hydrothermal treatment of solution
comparatively soft temperature and time conditions pro-
vide appearance of large number of new phase nucleating
seeds in reaction volume. At the second stage, more rigid
conditions of hydrothermal treatment cause rapid growth
of nucleating seeds up to size of several tens of nanometers
and formation of their composition structure “carbon
nuclear — oxide shell” which further determines values
of specific surface and porosity of the product — hollow
spheres AL,O, — obtained in future thermal treatment.

A method to obtain powders of high-borated diamond
(RU 2740933 C1)

The invention refers to diamond synthesis and, in
particularly, to the methods of synthesis of diamond
powders alloyed with boron in concentration more than
10?' atom/cm~. The particular characteristic of the mate-
rial is metal type of conductivity and hyper conductivity
under low temperatures, that makes it to be used in such
areas as electrochemistry, biochemistry, electroanalysis,
electronic and electromechanical devices. The need in
micronic and submicronic powders of high boron-doped
diamond is caused by the fact that they can be used to
produce conducting and hyper conducting composites
with extraordinary hardness [13].

The aim of the given technical solution is to elimi-
nate some drawbacks, and in particularly, to eliminate
application of hydrogenous material and to obtain dia-
mond powders of micron approximately 1—10 um and
submicron 0.1—1 um sizes, containing alloying boron
additive in concentration not less than 10?' atom/cm™.
Moreover, the task to obtain diamond powders of speci-
fied size of grain in micron and submicron ranges is also
considered.

The study of the proposed solution revealed that
dispersiveness and boron impurity level of the obtained
diamond powders is determined by the state of initial
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carbon material and, in particular, by its dispersiveness
and its boron impurity level. It was determined that ini-
tial carbon material can be borated graphite which can
be obtained from the mixture of nanoglobular carbon
and X-ray amorphous boron under the impact of high
pressure and temperature, at this the pressure must be
lower than the pressure for diamond synthesis. It was
also determined that variation of atomic ratio of boron
and carbon in the mixture of nanoglobular carbon and
X-ray amorphous boron as well as variation of param-
eters of thermobaric treatment makes it possible to ob-
tain boron-doped graphite powders of different grain size
and crystalline perfection. The imposed aim is achieved
due to the following consequence of stages: nanoglobular
carbon and X-ray amorphous boron are taken according
to boron-to-carbon atom ratio from 1/10 to 1/20, are
mixed and are treated under the pressure within the range
3—6 GPa and temperature within the range 1400—1700°C,
that allows obtaining borated graphite powders which
further will be treated under the pressure 8 GPa and tem-
perature 1600—1800°C.

The specialists can also be interested in the following
inventions related to nanotechnologies:
« A method to produce dry construction mixtures [14].
« A method to produce nanostructured hollow micro-
spheres of vanadium oxide [15].
« A method to produce water suspensions of nanocom-
posite material on the basis of graphene oxide and
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CONCLUSION

One of the most challenging tasks the economy
of every country face is to increase industrial competi-
tiveness through technological upgrade. From the side
of the state and companies the principal object to control
in this process are the people and enterprises dealing with
introduction of inventions and new technologies.

Therefore, we hope that the information published in
this section will be in demand and useful for specialists.
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N306peTeHnsA yueHbIX, MTHXXEHEePOB 1 CNeLVanncToB
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PE3IOME: B cTaTbe npoBoauTcs B pedepaTiBHON popme 0630p 1306peTeHun. Pe3ynbTaTbl TBOPUECKON AEATENBHOCTY YUEHbIX,
VHXeHepPOB 1 CNeuranincToB, B T.U. 1 M306peTeHUs B 061acT HAHOTEXHONOTMI 1 HAHOMATEPVANOB MO3BOMAIOT MPU UX BHEAPE-
HUW JOOWTbCA 3HAUUTENIbHOTO 3P dEKTa B CTPOUTENIbCTBE, XKUTULHO-KOMMYHAJIbBHOM XO35CTBE, CMEXHbIX OTPAC/AX SKOHOMUKM.
Hanpumep, nsobpeteHne «Cnocob nonyyeHus rpadeHocogepaLymx cycneH3mnin skchonmaymen rpaprta u yCTponcTBo Afid ero
peanv3aummn» OTHOCUTCA K XUMUYECKO MPOMBILLIEHHOCTN U CTPOUTENBCTBY 11 MOXKET ObITb MCMONIb30BaHO NpY MOANPULNPOBAHUN
NIaCTUYHBIX CMA30K, IMOKCUAHBIX CMOJ 1 6eTOHOB. TeXHMUECKO 3ajlaueil N306peTeHs ABNSAETCSA NoBblLeHe 3GPEKTUBHOCTY IKC-
donmaunm rpaduTa, nonyyeHne rpadeHocoaepaLLmx CyCreH3nin B HENMpepbIBHOM PEXIME 1 CHUXKEHWE YAENbHbIX IHepro3aTpaT
Ha NPOU3BOACTBO 3TUX CYCNEH3UN.

3apaya peluaeTca Tem, UTo B crocobe nonyyeHmnsa rpadeHocoepKaLlein CycneH3mnn, BKoyaloLem NprUroToBeHre CMecu KpucTas-
JINYECKOTO rpaduTa ¢ XUAKOCTbIO C KOHUeHTpauwel rpaduta ot 10 go 20 MacCoBbIX MPOLIEHTOB B eMKOCTY AJ1st UCXOAHOW CYCNeH3nu,
rnofauy NCXOAHOW CYCMeH3Un B POTOPHbIN anmnapar, 3Kchonuauumto rpaputa u otBof 06paboTaHHON CYyCreH3un U3 pOTOPHOro arn-
napara, aKkchonmaumio rpaprTa OCyLLeCTBASIOT NOC/IE[0BaTENIbHO B HECKOJIbKMX POTOPHbIX annapaTax, npruyemM nofady ncxogHom
CYCMeH3Un B NepBbI POTOPHBIN annapaT OCyLeCTBSIOT HACOCOM C GUKCUPOBAHHBIM PAaCcXOAoM, Nocse 0TBoAa 0bpaboTaHHOM
CyCrMeH3un U3 OQHOro POTOPHOTO annapaTa ee NoAaloT B CleAyoLWwMii POTOPHBIN annapat, a U3 Noc/iefHero POTOPHOro annapaTa
06paboTaHHyt0 CycrneH3uto NoAatT B LIEHTPOOEXKHDBIN cenapaTop v nocse cenapauumn dyrat nofaloT B EMKOCTb FOTOBOTO MPOAYK-
Ta, @ 0CaflOK NOJAIOT B EMKOCTb [I/151 ICXO4HOW CYCMeH31K, B KOTOPYO J06aBNAOT rpaduT 1 >KMAKOCTb A0 NonydYeHus Tpebyemoi
KOHLEHTpaUun rpadurTa B UCXOAHOMN CyCneH3nm.

Takke NpeACcTaBNsIOT MHTEPEC AN CNELMANIMCTOB ClefyloLme n306peTeHrs B 0651aCT HAHOTEXHOMOTMIA: 3BOMOLMA GOTOSNEKTPU-
YeCKOW TEXHONOTM OT TPAAMLMOHHbBIX 4O HAHOMATEPKANOB, KOMMO3ULMA MOKPbITUSA [/1s1 LLBETOBOrO 0pOPMIIEHUS CTEH 3AaHNI,
CETrHEeTO3NEKTPUYECKNI HAHOKOMIO3UTHBIV MaTepran Ha 6a3e NopKCTOro CTeksa 1 MaTepuanos rpynmnel gurrngpodocdata Kanus,
WHHOBALMOHHAas TEXHOMOIMA OUMLLEHNA CTOYHbBIX BOA C LieJIblo ObICTPOro OTCTavBaHWsA OCafka U YNyULlleHWsl OUYMCTKU OT 3arpss-
HeHWIA C MOMOLLbIO HAHOMaTEPMANoB, CNOCO6 MOJTyUYeHVA MOPOLLIKOBON CMeCU BMANCNEPCHBIX KEPAMUYECKMX Y META/TMYECKIX
yacTul, 3arpA3HEHNE MUKPO- U HAHOMIACTUKOM: XapaKTep, MUKPOOUasibHas 3KOMOMMs U TEXHOMOTUN HEeMTpanr3auum, cnocob
NoJy4YeHrs MHOFOC/TOMHBIX U3HOCOCTOMKUX aliMa3onofoOHbIX MOKPbLITUIA, TEMIOBbIAENALWNIA SIEMEHT C KOMMO3UTHBIM 3aLUTHbBIM
NMOKPbLITUEM U Ap.
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BBEAEHUE

BBICOKI/IC TEXHOJIOTHH TTOPaKa0T BOOOPaKEHNE JIf0-
Ieit, IeMOHCTPHUPYSI BCe HOBBIC M HOBBIC TOCTU-
JKeHUs (MaTepuabl, CIIOCOOBI, CUCTEMbI, TEXHOJIOTUH,
YCTPOICTBA U 1Ip.), KapAWHATILHO MEHSIOIINE OKPYXKafo-
AN M. DTO, TIPEKIE BCETO, MOSKHO OTHECTH K M300pe-
TEHUSIM YICHBIX, MHXXEHEPOB U CIICLIMAINCTOB U3 Pa3HBIX
CTpaH B 00JIaCTH HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

Crnioco06 mosryyenus rpacgeHocoepKammx CycneH3Hii
akcgosmanueii rpaguTa U yCTpOHCTBO 11 €r0 peaau3anuu
(RU 2737925 C1)

M306peTeHre OTHOCUTCST K XUMHUUECKOM TTPOMBIIII-
JICHHOCTH ¥ CTPOUTEIBCTBY M MOKET OBITH MCITOJIb30BAHO
IpY MOIUDUIIMPOBAHNY TUIACTUYHBIX CMa30K, SITOK-
CUIHBIX cMOJ U O0eToHOB [1]. TexHuueckoil 3agaueit
HACTOSIIIETO M300peTEeHMS SIBJISICTCS TOBBIIIICHUE (-
(bexTmBHOCTH BKCchoNmauy rpacduTa, IoJyIeHIEe Ipa-
(beHOCOMEPKAIIMX CYCIICH3WIT B HETIPEPBEIBHOM PEXKIME
¥ CHIDKCHUE YIETbHBIX SHEpro3aTpar Ha IIPOU3BOICTBO
3TUX CYCHECH3UM.

3amayva perraeTcs TeM, 9TO B CIT0CO0¢e TTOTyIeHUS Tpa-
(beHOCOmEpIKATIICH CYCTICH3MH, BKITFOUAIOIIEM ITPUTOTOB-
JICHHE CMECH KPHUCTAJUIMIECKOTO TpaduTa ¢ SKUIKOCTHIO
¢ KoHIIeHTpaumeit rpaduta ot 10 1o 20 MacCoBBIX MPoO-
IIEHTOB B eMKOCTH TSI UICXOTHOM CYCTICH3UH, TIOHAYy HC-
XOIHOM CYCIICH3MM B pOTOPHBIN armapart, SKcdoaraimio
rpacuTa M OTBOI 00pabOTAHHOI CYCTICH3UU U3 POTOP-
HOTO aIlapata, 5Kc(hOoIraInio rpaduTa OCyIIeCTBISIOT
TOCJIeIOBATEIbHO B HECKOIBKIX POTOPHBIX arIiapaTax,
TIprYeM ToIavy UCXOTHON CyCTICH3UU B TIEPBBIN POTOP-
HBII aIllTapat OCYIIECTBIISIIOT HACOCOM C (DMKCHPOBaH-
HBIM pacXoIoM, TTOCJIe 0TBOIa 00paOOTAHHOI CYCIICH3UHI
W3 OMHOTO POTOPHOTO aIlliapaTa ee IMONaloT B CIICIYIOIIII
POTOPHBII ammapar, a U3 IOCIeTHET0 POTOPHOTO aIapa-
Ta 00pabOTaHHYIO CYCIIEH3UIO TTOAAIOT B LICHTPOOEKHBIN
ceraparop 1 nocje cernapaiuu gyrat noaaroT B eMKOCTb
TOTOBOTO MPOAYKTA, a 0CALOK IMOJAI0T B EMKOCTb JUIA
WCXOTHOU CYCIICH3UM, B KOTOPYIO TOOABISIOT rpadut
¥ XUIKOCTH 0 TOJyYeHUST TpeOyeMOoil KOHIICHTPaIlUuN
rpachuTa B NICXOMHON CYCIICH3UM.

Ha puc. 1 mokazaHa npHHIUITAATBHAS CXeMa YCTPOii-
cTBa. B eMKOCTHU IJ1T MCXOMHOI CyCIIeH3UH | TOTOBST
CMeCh, coaepxKallyo KXuakocth 1 10—20 mac.% kpu-
crayumnueckoro rpacgura. EMkocTs 1 cHabxeHa y3jiom
MOAaYM XUAKOCTH U3 eMKOCTH 7, JaTYMKOM pacxona 6
¥ 103aTopoM TpaduTa 8. MeXImy eMKOCTbIO | 1 IIepBBIM
POTOPHEIM aIllIapaToM 2 YCTaHOBJICH HAcoC 9 ¢ peryim-
pPYyeMOi TTPOU3BOIUTEIIEHOCTRIO, IIOCPEACTBOM KOTOPOTO
HWCXOMHYIO CYCTICH3MIO ITOJAI0T B OJI0K 3KC(hOIMAINH,
cocTosmnii n3 5—10 pOTOPHBIX armapaToB, COCIUHEH-

Puc. 1. IlpunumMnuanbHas cxeMa yCTpoicTBa

HBIX TIOCJICAOBATEeIEHO TAKUM 00pa30M, UTO OTBEPCTHE
IUTSI OTBOZA CYCTICH3MH KasKIOTO MPEABIIYIIETO aIlmapaTa
COCIMHEHO C OTBEPCTHEM IIJIST IIOJAYM CYCIICH3MH KaxK-
JIOTO TIOCJICMYOIIETO aIlllapara, a OTBEPCTHE UISI OTBO-
IIa CYCTICH3WHU M3 TOCJIeIHETro ariapara 3 COeIUHEHO
C TTATPYOKOM TSI TIOIAYM CYCIICH3WU B IIEHTPOOEKHBIMN
cerapaTop 4 depes perynupyeMbrit BeHTIb 10. Kaxmerit
POTOPHBIH aIllIapaT COACPKUT CTATOP B BUIE IMIUHIPH-
YECKOM 000JIOUKH ¢ OTBEPCTHSIMU TSI TIOABOIA U OTBOIA
CYCIICH3WHU, POTOP C JIOMACTSIMU W TIPUBOI BPAIICHUS
potopa. [locne cemapanuu ¢yraT MogalT B eMKOCTh
TOTOBOI TpadeHcomepKaIeit CyCIieH3Un 5, a 0CamoK —
B EMKOCTb TSI ICXOTHOM CYCIICH3UN 1.

OBomonus GoToIeKTPUIECKOIl TEXHOJIOTHH OT Tpa-
JMIIMOHHBIX JI0 HAHOMATEPHAJIOB

CoJtHeUHBIE TTAHEIN — 3TO OJUH M3 CITOCOOOB YIOB-
JIETBOPHUTH BO3PACTAIOIINI CITPOC Ha SKOJIOTUICCKY 0€30-
rmacHyto sHepruio [2]. [TpenmyiiecTBaMu UCITOIb30BAHNS
COJTHEYHOU SHEPIUU SIBJISTIOTCS €€ YCTOMIMBOCTD (0e3-
OTaCHOCTb IUTST OKPYKAIOIIEH cpebl) M HamexKHOCTh. bo-
JIee TOTO, COJTHETHBIN CBET KaK PeCypc IOCTYIICH Ha ITPO-
TSCKEHUM BCETO TONIA B OOJIBIIMHCTBE peTMOHOB. JlaHHEII
BUJI SHEPTUU 00€CTICUMBACTCS 3a CUCT (POTORJICKTpHIYIC-
ckux (PD) comHEeUHBIX aHeeil. TpaTuIIMOHHEBIE COJI-
HEYHBIC TTaHEI HEIOCTaTOUYHO 3(D(EKTUBHBI 1 TOPOTH.
YiydieHre 3KCIUTyaTaAlIMOHHBIX KAUeCTB COTHEYHBIX ITa-
HeJIeil — 3To 3amavya, KOTOPYIO HEOOXOIMMO PEINTh, 9TO-
OBI COJTHEUHAsI SHEPIHS BOIIIJIA B TIOBCCIHEBHYIO XKI3Hb.
o cux mop TOSBIISIINCH pa3HOOOpAa3HbBIC MU, 1 OBLIO
MIPOBEACHO HEMAJIO MCCIICIOBAHMIA, 11T KOTOPBIX COCTO-
siTa B TIOBBIIIEHUH SKCITDTyaTallMOHHBIX XapaKTePUCTUK
COJIHCUHBIX TTaHeseit. Ha camoM nesie, HaHOTeXHOJIOTUH
CITOCOOHBI CTaTh OTIIPABHOM TOYKOI Ha ITyTH K CO3MAHMIO
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9KOHOMMYHEIX W 3 (GEKTUBHBIX CUCTEM, UCTIOIb3YIO-
IIMX COJTHEYHYIO 9HEPIHIO B IIPOMBIIIICHHOM MacIlTaoe.
Llens maHHOTO MCCIeAOBAHMS — CIENIAaTh BBOTHEII 0030D,
nocBsameHHBIN DD GaTapesiM, UX IIPOEKTUPOBAHUIO,
TeXHUIECKNM ITapaMeTpaM M XapaKTeprucTukam. Jdamee
paccMmatpuBaeTcs pa3Butre @D TeXHOJIOTHIA OT Tpaar-
IIMOHHBIX MAaTEPHAIOB K HOBBIM, TAaKIM, KaK, HaIIpuMep,
HaHoMaTtepuasbl. CpaBHUTEILHBIN aHAN3 OMKICHIBACT
pasITMYHBIC COJTHEYHBIC TTAaHE M 110 TUITY UX MaTepHaa,
3 GEeKTUBHOCTH, CpOKa SKCIUTyaTallll, IIPEUMYIIIECTB
¥ OTpaHWYCHUI. B 3aKIIFOUNTE ThHOM YaCTH CTAaThH IIPH-
BOISITCSI BBIBOABI 1 OLICHKA MEPCTICKTUB JaHHOM TeXHO-
sorun. [IporHo3upyercs, 9To B OyAyIIeM yIIepPOIHBIC
MaTepHallbl, a TAaKKe X aJUIOTPOITHBIC (hDOPMEI, TAKHeE,
Kak rpadeH, yriaepogHble HAHOTPYOKH W (pyJIIIepeHBI
CMOTYT ITOBBICUTD MIPOU3BOAUTEIBHOCTD 10 CPAaBHEHUIO
C TPAOUIIMOHHBIMHY TTaHEISIMU Ha OCHOBE KPEeMHUS U,
TaKUM 00pa3oM, TTOBIIUSIIOT Ha 00pa30oBaHNe PHIHKA CH-
CTEM COJTHEYHOU SHEPTUU.

Komno3uuys noKpeITHS A9 IBETOBOT0 0(hOpMIeHUs
cren 3nanmii (RU 2738655 C2)

s iBeToBOro obopMJIeHUs CTEH 301aHUM yKe JaB-
HO U3BECTHBI MHOTOUMCJIEHHbIE CUCTEMbI OKPBITUIA.
OHU OCHOBBIBAIOTCS, HAIIPUMEP, Ha TUCTICPCUOHHBIX
Kpackax, CWJIMKaTHBIX KpacKaxX WKW AUCTIEPCUOHHO-CH-
JIMKATHBIX Kpackax. B 3aBucuMocT oT Toro, mpeaHa3Ha-
YeHa KOMITO3UIINS TTOKPHITHS 71T HaHeCeHMST Ha (dacambl
3/IaHUSI I HAa €T0 BHYTPEHHME MOBEPXHOCTH, TOJIKHBI
CO0JII01aThCsI CaMble Pa3Hble MPOGUIN CBOMCTB (Xapak-
TEPUCTUK). B yacTHOCTH, MpU UCTTOIB30BAaHUM KOMITO3U-
LIMIA TTIOKPBITHS B KAU€CTBE MHTEPbEPHBIX KPACOK MHOTAA
MPEIbSBISIOTCS OUEHb BBICOKME TPEOOBAHMSI K CTETIEHU
misHIa. Hanpumep, TpedyeTcst 10CTUTHYTh BOCTIPOU3BO-
VMO XeJIaeMOI CTEIIEHU IVISTHIIA, TAKOM, KaK MAaTOBBIN,
CpenHuIi TJIsIHell, Ha3bIBaeMbIi TaKXKe IIEJIKOBUCTO-0J1e-
CTSAIIUM, U OJIECTSIINIA (HalIpuMep, KaK 3TO TPAKTyeT
DIN 13300). OgHako cmenaTh 3TO 0e3yIIPeUHO yaaeTCs
JlaJIeko He Bcerja.

B ocHOBY HacTosI11Ier0 M300peTeHUsI TTOJI0KEHA 3a1a-
Yya Co3IaHMsT KOMITO3ULIMU IMOKPBITHS, KOTOpast TO3BOJISI -
€T MOJIyYUTb OCOOEHHbBIE ITOKPBITUS CO CTETNIEHBIO TIISTHIIA:
MAaToOBBbIl, CPEeAHUN TJSIHEll, IIEeJIKOBUCTO-0IeCTIIINIA
u Onectsiuii [3]. KoMImo3uims moKpheITUST CONEPXKUT,
MO0 MEHbIIE Mepe, OTHO OpraHUYEeCcKoe CBSI3YIOlIIeE,
BKJIIOYAIOIIEE COMOJIMMEPbl BUHWJIALIETAaTa C STUJIEHOM,
COMOJIMMEPHI HA OCHOBE BUHUJIAPOMATUYECKUX COETUHE -
HUM 1 aKpUJIaTOB WM COTMOJUMEPHI HA OCHOBE YUCTBIX
aKpUJIaTOB, KUJIKOE CTEKJI0, KU3€JIb30Jb, IO MEHbILIECH
Mepe, ONWH TICPBBII HATTOJTHUTEIb W/WIH, TI0O MEHBIIICH
Mepe, OIMH TMEPBbIiA MUTMEHT ¢ pa3MepoM YacTuil D,
MeHee Win paBHBIM 2,0 MKM. I1pu 3TOM MaccoBast moJrst
CYXOTO BelIeCTBa KM3€Jb30JIs1 BbIIIE, YEM MaccoBas
JIOJISI CyXOTO BelllecTBa XXUIKOro CTeKJa, B epecueTe

B KaXXIIOM OTIEJIbBHOM ClIy4ae Ha OOLILYIO MAacCy CYXOro
BElECTBAa KOMITIO3ULIUY MTOKPBITHA. [IpeIIoKeHo TakxKe
[TOKPBITHE, MTOJIY4EHHOE U3 TAKO KOMITO3ULUU, U IIPU-
MEHEHUE KOMITO3ULINU ITOKPBITUA U ITOJIYYEHU 10-
KPBITUSA Ha IIOBEPXHOCTH MTOILIOXKKH.

CileyeT OTMETUTD, YTO KU3EIb30JU PEATU3YIOTCS
Ha PBIHKE B BUIE BOIHBIX KOJUIOUIHBIX CYCIIEH3UI MO-
JIEKYJT TIOJIMKPEMHMEBOI KucaoThl. Kusenb30ib mnpe-
[TOYTUTEIHHO ABJIAETCH LIETOYHBIM U IIPENITOYTUTEIHLHO
uMeer, B yactHoctu, pH > 9. Takxe BBISICHUIOCH, YTO
OUYEHb BBITOIHO, OCOOEHHO B TUIAHE PETYIMPOBAHUSA XKe-
JIaeMOW CTENEHHU TJISHIA U MATOBOCTH, UCIIOJIb30BaTh
TOHKOIUCIIEPCHBIE KU3eIb30u. [Ipu 3TOM cperHuii
pa3Mep 4acTULl KA3eJIb30JIS JODKEH MPEAIOYTUTEIHLHO
cocTaBIATh 80 HM WK MeHee, 60Jiee IPEeNIIOYTUTEBHO —
MeHee Wwiv paBHO 40 HM, 0COGEHHO IIPEANIOYTUTEILHO —
MeHee wid pasHo 20 HM. Jaxe 6oJiee IPeAOYTUTEIBHO,
YTOOBI CPEIHUI pa3Mep YaCTULL KU3EJIb30JI COCTABIISAI
MeHee wiv pasHo 10 HM. B onHOM BapuaHTe ocyIecTBIIe-
HYA U300pETEHUS CPENHUI pa3Mep YaCTULL KM3EJIb30JIs
Takke MoxeT onpenensarbes mo DIN ISO 9276-1:2004-09
n ISO 9276-2:2014-05.

HN306peTeHre TO3BOJILET OJIYYaTh HIETKOBUCTO-
OJIeCTAIIIVE WIN OJIECTALLNE IIOKPBITH, OTINYAIOILIAECS
BBICOKOW CTOMKOCTBIO K BIIAXKHOMY UCTUPAHUIO, TIPU UC-
I10JIB30BAaHNY CTAOWILHOM ITPY XpaHEHUH KOMITO3ULINH,
He coepXKalleil KOHCEPBAHTOB.

CerneTo3/1eKTPHYeCKUiT HAHOKOMITIO3UTHBI MATEPUA
Ha 0a3e MOPHUCTOro CTEKJIA M MATEPUAJIOB IPYIIbI TUTHIPO-
tdbocdara kama (RU 2740563 C1)

B Hacrogiee BpeMs Bce 00JbllIee BHUMAHUE YIEIIs -
€TCST UICKYCCTBEHHBIM MaTepuajiaM ¢ 3apaHee 3aJaHHbIMUI
CBOMCTBaAMM, TTOJTy4eHME KOTOPBIX OCHOBAHO Ha BIIMSI-
HUM HaHOpa3MePHBIX 3(P(PEeKTOB Ha CBOICTBA MaTepU-
anoB. Cpe TaKMX MaTepUAJIOB OJHO M3 BEIYIIINX MECT
3aHUMAIOT CETHETORJIEKTPUYECKIIE HAHOKOMITO3UTHI,
CBOIICTBA KOTOPBIX YpE3BBIYAITHO YYBCTBUTENIBHBI K pa3-
MepPHBIM 3(PdeKTaMm, 9TO 00YCITOBIEHO 3HAUYNTEILHOM
POIBIO B HUX IMTOBEPXHOCTHBIX WJIM TPAHWYHBIX 3(PdeK-
ToB. Kpome 3TOro, BO3MOXHOCTL BapHaIlliy ITapaMe-
TPOB CETHETOIEKTPUUECKIX KOMIIO3UTOB 3HAYUTEITLHO
YCUJIMBAETC N3-3a HAJTMYUS B HUX (Da30BBIX IIEPEXOIOB,
pa3MATYAIOIINX UX CTPYKTYPY U IEIAIONINX €€ OCOOEHHO
MOOUJIBHOI.

M306peTeHe OTHOCUTCST K HAHOCTPYKTYPHUPOBAH-
HBIM MaTepyuaiaM C BEIPasKeHHOM CETHETORJIEKTPUYECKOI
AKTUBHOCTBIO, MCIIOJIB3YEMBIM B KauecTBe (PYHKIINO-
HaJILHBIX MaTePHAJIOB B COBPEMEHHOM MUKPO- Y HAHO-
s5ekTpoHuKe [4]. CerHeTO31eKTpUIECKIIT HAHOKOM-
MMO3UTHBIN MaTepya COAEPKUT MATPUILY M3 ITOPUCTOTO
CTEeKJIa U B Ka4eCTBE HAIIOJTHUTEST CETHETORJIEKTPHU -
YecKylo cojib gurnapodocdara Kajaus Wid JUTHIPO-
docdara ammonud. InaMeTp CKBO3HBIX ITOP B MaTPULIE
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M3 [IOPUCTOrO CTEKJIA COCTaBIIsIET 7 HM, 8 00bEMHOE CO-
OTHOILIEHUE HATIOJTHUTEJISE KO BCEMY HAHOKOMIIO3UTHOMY
matepuany 0,2—0,25. TexHudyecKuii pe3yIbTaT 3aKiIioda-
€TCsI B IOJIYUYECHUHN CETHETORIEKTPUUECKOTO HAHOKOMIIO-
3UTHOTO MaTepuaja ¢ PacIIMPEHHBIM TeMIIEpAaTyPHBIM
MHTEPBAJIOM CYILIECTBOBAHUSI ITOJISIPHOM (Da3bl.

VIHHOBAIMOHHAS TEXHOJIOTHS OUUIIEHUST CTOYHBIX BOJ
C 1eJbI0 OBICTPOro OTCTAMBAHMS OCAIKA W YJIydIeHHUS
OYHCTKH OT 3arpsi3HEHMI ¢ OMOIIBI0 HAHOMATEPHATIOB

CTpeMUTEbHOE Pa3BUTHE SKOHOMHUKU U YCKOPE-
HHE TeMITOB YpOaHU3AIIUH IIPUBEIIA K HEIOCTATKY BOIBI
BO BceM MHpe. MaccoBoe yBeIUUYCHNE CTOYHBIX BOI
¥ HU3Kas 9 OEKTUBHOCTD UCITOIb30BAHIS MyHHUIIUTIAb-
HBIX WHXXCHEPHBIX CETel Cephe3HO MOBIUSIIN Ha IIPO-
M3BOIUTEILHOCTD TOPOACKUX CUCTEM M CTaJIM YIPO30it
IUTST 9KOJIOTUH M 3IOPOBBS UeJIOBeKa. B pamKkax maHHOTO
HCCIIeAOBaHUS OblIa pa3paboTaHa MHHOBAIIMOHHAS Me-
TOIVKA ITyTeM IePUOIMICCKOTO J00aBICHUS KOMMepYe-
CKOTO KOaryJIsTHTa HaHOTHIIa — nanofloc® — B KOMITaKT-
HBII OMOpEeaKTop IJIT OYMCTKUA CTOYHBIX Bom. CHavasa
JTabopaTOPHEI 00pa3ell OMOpPeaKTOpa N3TOTABIMBAJICS
B PAa3IUYHBIX YCJIOBUSIX U C PA3TMIHBIMUA TEXHUICCKU-
MM XapaKTePUCTUKAMN; THHOBAIIMOHHBIA SKCIIEPUMEH -
TaJIbHBII METOJI, ITOJaYX 0€CKUCIOPOIHON OPOLIAIOIICH
pakuu u nanofloc® ObLT BRIOpaH Mcxons U3 3Pdek-
TUBHOCTH yaajieHUsI 3arpsi3HuTeNs. C LeIbio U3yIeHUs
BIMSHUS pa3Mepa peakTopa Ha IIPON3BOIUTEILHOCTD
OuopeakTopa U JajabHelIIe BepuduKaium oo1Iei mpo-
M3BOAUTEIFHOCTH MOIUMDUIIMPOBAHHOTO OMOpeakTopa,
a TaKKe I pa3pabOTKM MTPAKTUICCKOTO PYKOBOICTBA
TI0 €TO MCTIOJb30BAHUIO, TE K€ CaMbIe TTapaMeTPhI OBLTI
IIpUMEHEHEI 1 B IIMJIOTHOM Bepcuu 6ropeakTopa. Jlormo-
HUTEIHLHO B3BEIICHHBIC TBEPIBIC YACTHUIILI B CMEIITAHHOM
pactBope (BTUCP), neTyune B3BelIeHHBIC BEIleCTBA
B cMerranHoM pactBope (JIBBCP)/ BTUCP, nmokazatenb
VIUTOTHSIeMOCTH 00beMa ocanka (Y OO) u pa3mep 9acTHIl
ocajKa ObLTN IIPOTECTUPOBAHBI KaK B TAOOPAaTOPHOM, TaK
¥ B IMJIOTHOM 00pasiie OrmopeakTopa, YTOOBI UCCIIeIO-
BaTh BIustHe nanofloc® Ha cBoiicTBa ocagka. Omrcan
MEXaHWN3M yIaJecHUsI OMOTCHHBIX JIEMEHTOB, CpaBHIBA-
eTcs HoBag TexHojyorust u AGS [5].

B manHOI1 paboTe mpemraraeTcs aabTepHATUBHBIN
METO[I, TIPeIyCMaTPUBAIOIINIA T00aBIeHIE HAHOKOMIIO-
3UTHOTO KOAryJIMPYIOIIETO areHTa B MOAU(PUIINPOBAH-
HBIN OmopeakTop. boee KauecTBEHHBIN CIIMBHOM CTOK
¥ OBICTPHIN TIPOIIECC OCAXKICHUS OBIIN OIYIeHBI KaK
B JIAOOPATOPHBIX YCIOBUSIX, TaK U B IIMJIOTHOM MOICIIN
O6mopeakTopa ¢ HU3KUM ITOKa3aTejeM BpeMEeHU THIpaB-
JIMYECKOTO 3aIepKaHNsI CTOYHBIX BOIX — 8 YaCOB — UTO
CTaJI0 BO3MOXHBIM O1aromaps 3JIeKTpUIEeCKOM HeTpa-
JN3alNU 1 MOCTUIHBIM 3(pdekram. C TOUKU 3peHUS
0CaXXIaeMOCTH OcagKa, 00beMa, YCTOMYNBOCTH U TIPO-
CTOTHI JAHHOTO METOJIa B YCIOBUSIX TOPOACKUX BOIO-

OYMCTHBIX COOPY)KeHI/Iﬁ, OH MOXET ObITh UCITOJIb30BaH
B KaA4YE€CTBE aJIbBTCPHATUBHOI'O ME€TOJAA JIsA UX MOACPHUM -
3allu1 1 p€HOBALIUN.

Crioco0 nmoryueHss IMOpPOMKOBOii CMeCH OMINCIEPCHBIX
KepammdecKux u Metajummdecknx yactun (RU 2740495 C1)

M3006peTeHne OTHOCUTCS K IIOPOITKOBOM METAJITYP-
U 1 MOKET OBITh MCITOIb30BaHO B TEXHOJIOTHX (hop-
MHPOBaHUS HAHOKOMITO3UTHBIX MaTEePUAJIOB 1 JIUTATYP.
CmMecr HeoOXOIMMBI IIJIST TIOJTYIeHUSI KOMITO3UTHBIX Ma-
TepHaJIoB Ha OCHOBE HAHOPA3MEPHBIX KEPAMUICCKIX
YacTUI M1 MHUKPOPa3MEPHBIX METAJTMUYECKUX JaCTUIT
C pPaBHOMEPHO pacIipeIe/ICHHBIMU 10 00beMY MaTPHIIBI
YaCTUIIAMU, YTO 00CCIIEYMBACT IOBHIIICHIIC MEXaHIIe-
CKUX XapaKTepUCTHK [6].

TexamyecKuit pe3yabTaT JOCTUTACTCST TEM, UTO pa3-
paboTaH croco0 IoJIydeHUsI MOPOIIKOBOIM cMecu Ou-
IUCTICPCHBIX KEPAMMUCCKUX M METAITNICCKIX JACTHIIL,
BKJTIOUAOIINI TTepeMEITUBAaHIE TTOPOIIKOB B XXUIKOMN
cpene B HECKOJIBKO 3TamnoB. IlepeMemmmBaHye TOPOIII-
KOB B XXHMIKO¥ Cpezie MPOBOIAT B ABa 3Tama. B KauecTBe
KAOKOH CPeIbl MCITONIB3YIOT PACTBOP TIETPOJICITHOTO 31~
pa 1 cTeaprMHOBOM KUCIIOTHI B MACCOBOM COOTHOIIICHNH
199/1. Ha mrepBOM 3Tarie repeMelmBaloT KepaMITIecKIe
HAHOUYACTHUIIBI B XKUIKOM cpefie B TeUeHUe He MeHee 15 M-
HyT. Ha BropoM 3Tame B IOJIy4eHHYIO CMeCh JOOABIISIIOT
METAUTIICCKIE MUKPOYACTHIIBI 1 TIEPEMEIIIMBAIOT B TEUe-
HIe He MeHee 15 MIHYT ¢ ITOCTICAYIOIIM YIaICHEM XU -

a) 0)

Puc. 2a. Cxema ycTpoiicTBa 15l HOTy4€HHUs TOPOIIKOBOI
CMecCH Ha IepBOM 3Tamne: | — IUIMHAPUIECKUIT KOH-
TeitHep; 2 — MeXaHUUECKUI CMECUTENTh; 3 — CMeCh Ke-
pamMUuYecKUX HAHOYACTUII C PACTBOPOM IETPOJICHHBII
aup/creapuHOBast KUCITOTA

Puc. 26. Cxema ycTpoiicTa 1is OJy4eHHs MOPOLI-
KOBO# CMeCH Ha BTOPOM 3Tane: | — HMJIMHAPUYECKUIA
KOHTEIHED; 2 — MeXaHWIECKUIA CMEeCUTENb; 4 — CMeCh
KepaMUUIeCKIUX HAHOUACTHUI] U METAJUTMUECKIX MUKPO-
YACTHUII C pACTBOPOM TICTPOJICHHBIN 3(p1p/cTeapuHO-
Basl KHCIIOTa
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KOCTH B CYIIMJIbHOM LKAy IIpy TEMIIEpAaType He MEHee
80°C B TeueHne He MeHee 24 yacoB. JlnaMeTphbl KepaMude-
CKVX HAaHOYACTHUII BBIOMpAIOT B quamna3oHe (30+140) HM,
JUAMETPhl META/UTMYECKUX MUKPOYACTHULL — B IMAIIA30HE
(20+180) MKM, MacCOBBIC HOJIM TTOPOITKOB M XUIKOCTH
BBIOMPAIOT B COOTHOLIEHUH 1/2, MacCOBbIE IO HAHO-
YACTULI U MUKPOYACTUIL] — B COOTHOLIEHUH 1/19.
CyIIHOCTh N300peTeHUS TTOSICHSICTCS prC. 2a 1 20.

33Fpﬂ3HeHI/le MHUKPO- M HAHOIUIACTUKOM: XapakKrep,
MHKpOﬁl/laﬂbHaﬂ JKO0JIOTHUSA U TEXHOJIOTHA HBﬁTpﬁJIPBﬂ[IHPI.

YBenmueHne 00beMOB ITACTUKOBOTO MyCOpa CTajio
Ccepbe3HOIt T100abHOM TpobaeMoii. J1j1st 60pbObI ¢ Helt
OBLTU TIPEIIOXKEHBI PA3IMIHbBIC CTPATETUN W TTOIXOIHI.
HecMmoTpst Ha MHOTOUMCIIEHHBIE MCCIICTOBAHMS, TOJTBKO
HEKOTOpHIC 13 HUX ITPOBOAMIIUCE C LIEIbI0 M3YICHUS OaK-
TepPUATbHBIX OYMCTHBIX TIPOIICCCOB C MCITOIb30BAHUEM
COBpPEeMEHHBIX HaHOTeXHoJioruii [7]. JlaHHoe ucciienoBa-
HUe HaIleJIeHO Ha TTOMCK PEIIeHUS 1T SKOJIOTHICCKIX
po0JIeM, BBI3BAHHBIX YaCTUIIAMK MUKporutacTrka (MIT)
n HaHotutactnka (HIT), B Takux 061acTsIX HAHOHAYKH,
KaK CHCTEeMHOE M3YICHNE CMHTCTUICCKIX HAHOUYACTHI]
TUTACTUKA, MUKPOOHMaIbHAS SKOJIOTHUS U peMeINaioH-
HBIE TEXHOJIOTUN. DTO JTOJIZKHO CTIOCOOCTBOBAThH OOBSICHE-
HUIO MIPOLIECCOB BIMSHMSI MUKPOILJIACTUKA HA 9KOJIOTHIO,
€T0 TOBEICHUIO, PACIIPOCTPAHEHUIO, 9KO-TOKCHYHOCTH
¥ T.1. B3auMoneiicTBusT MEXKIy IIACTUKOM 1 MUKPOOaMM
OOBIYHO COIPOBOXKIAETCS (POPMUPOBAHUEM OUOTLIICH-
KM, KOTOpast co3MaeT pa3audHble 3(DMeKThI, HaUMHaS
OT BOBHMKHOBEHMSI TCHOB 3a CUCT BIMSHUS Ha TOPU30H-
TaJbHBIN TpaHchep TCHOB 1 3aKaHYMBasl LIETBIMU KO-
CHCTEeMaMU MO BO3ACHCTBIEM OMOXEMIUECKIX IINKJIIOB,
nornomeHus yraepoaa (C) n kimmmata. Takske n3ydeHbI
TIPOIIECCHl HEMTpaIn3aliui TUIACTUKOBEIX OTXOIOB C I10-
MOIIIBIO CIICAYIOIINX OMOHAHOTEXHOJIOTHIA: KOATYIISIIINS,
MeMOpaHHBIE OMOpeakKTOphl, OMopa3IoXeHnue U (pUTo-
pemennanst. C 3TOI TOYKH 3pEHUS, TEPMOXUMHUUIECKOE
MpeBpalleHNe TIACTUKOBBIX OTXOIO0B B 9HEPTHUIO — 3a-
MaHUYMBas MepCIeKTuBa. bojee Toro, MoleKynsipHbIC
¥ TIOCTTEHOMHEBIE TEXHOJIOTUH CITOCOOHBI YIIPOCTUTH
MUKpobOnanpHOe 6mopasnoxenne MIT/HII 6maromapst
VIIY4YIIICHHBIM YPOBHSIM KaTaJINTUYECKOI aKTUBHOCTH.

Cnoco0 moJiy4eHus MHOTOCJIOMHBIX H3HOCOCTOMKIX
anma3ononoonsrx mokpeituii (RU 2740591 C1)

Kak 13BecTHO, OCHOBHOM MPUYMHON M3HOCA TSKe-
JIOHATPY>KCHHBIX Y3JI0B TPEHUS (3yOUaThic U MUTUIICBBIC
Tnepenayn) SIBIsSeTCS BOSHUKHOBEHNE TPEIINH B €T0
KOHTaKTUPYIOLIEH YaCTH, SIBJISTIOIINXCS TIPUIMHOM IT10-
SIBJICHMST CKOJIOB M BBIKPAIIIMBAHUIA, CBSI3aHHBIX C YCTa-
JIOCTHBIM pa3pylleHUeM U IBJIeHueM ppeTTrHTa. OTHIM
W3 ITyTeil MOBBITIICHUS CTOMKOCTH M PaOOTOCITOCOOHOCTH
IIJTALIEBBIX COCAMHEHUI ¢ TTOKPHITUEM SBIISICTCST HaHe-

CeHUe TTOKPBITUI MHOTOCIOKHOTO TUMna. Hanmuuue B mo-
KPBITUU CJIOEB C OMpeNeSIeHHbIMU TeTUI0(U3NYECKUMU
1 MEXaHUYECKUMMU CBOMCTBAMM CITOCOOHO TOPMO3UTh
MPOLECCHl 00PA30BaHUS U paCIIPOCTPAHEHMSI TPEILMH 0e3
CHUKEHMSI MUKPOTBEPIOCTU, YAYYIIUTh TEPMOHATIPSI-
KEHHOE COCTOSIHUE LIJIMIIOB C TTOKPBITUEM U TTIOBBICUTD
M3HOCOCTOMKOCTD. Takke HEOOXOAUMO OTMETUTh, YTO
MPU TPEHUU C BBICOKMMM CKOPOCTSIMU U KOJIeOaHUSIMU
MHTCHCUDUITUPYIOTCS TIPOIIECCH (hPEeTTUHT-OKUCIIH -
TeJIbHOTO U3HOCA, CIOCOOCTBYIOLINE Pa3ylPOYHEHUIO
MaTepuaja MOKPBITUS U OCHOBBI.

TexHuuyeckuM pe3ybTaTOM U300pEeTEHUS SBISIET-
csl pa3paboTKa TEXHOJOTMU MOJTYYEHUST CBEPXTBEPHO-
ro yIJIepoi-MeTa/UIMYECKOTO MOKPBITUS C 3aJaHHBIMU
CBOMCTBaMU, a UMEHHO, YJy4YllleHUsI KauyecTBa ajiMa-
30IOJO0HBIX TJIEHOK 3a CUET U3MEHEHUST UX CTPYKTY-
pbl U cOCTaBa, MPU 3TOM HUXKHUM CI0M MOJIKEH 00-
JlaaTh BBICOKOW aAre3ueit ¢ MaTepuagoM MOMJIOXKU,
CPEIHUIA — BBICOKOW TBEPAOCTBIO M MOBBIIIIEHHOW W3-
HOCOCTOMKOCTBIO, BEpXHUI — XOPOIIE TeIUIOIPOBO-
JTHOCTBIO U TETMJIOCTONMKOCTBIO C HU3KUM KO3 puum-
eHTOM TpeHWUsI [8]. YKa3aHHBIN TeXHMIECKUI pe3yabTaT
JIOCTUTAETCS 3a CYET TOTO, YTO TTOBEPXHOCTD UBMEIUS
MpenBapuTeibHO 00padbaThIBAIOT Mepea Ha4aJloM Mpo-
1iecca HaHEeCeHUs] MHOTOCJIOMHOTO ajiMa30Io100HOT0
nokpoitusi. [IpeaBapurenbHass oO0paboTKa BKIHOYAET
OUMCTKY M3IEUI 3JI€KTPOMMITYJIbCHBIM MOJMPOBAHUEM
B BOIIHOM PAaCTBOPE COJIei aMMOHMSI HU3KOM KOHLIEHTpa-
unu (3—6%) B TeueHue 2—8 MuH. Bpemst OUMCTKU BbI-
OupaeTcsl B 3aBUCUMOCTM OT CTEIEHM 3arpsi3HEHHOCTH
1 pa3zmepoB uznaeauit. [locie aeKTpouMIyabCHOTO MOo-
JIMPOBAHMUS TPOBOIUTCS YJITPa3ByKOBasi 00paboTKa U3-
nenuit. J1st aToro odpadbaTeiBaeMble U3IEIMS TTOMEIIA-
I0TCS B YJIbTPAa3BYKOBYIO BAHHY MOJHOCTBIO CO CIIUPTOM
0€3 CONMPUKOCHOBEHMSI PEXYILIMX KPOMOK U TMTPOBOAUTCS
X OYMCTKA B TeUeHME 2—5 MUH. BpeMst O4YMCTKY BBI-
OupaeTcsl B 3aBUCUMOCTM OT CTEIEHM 3arpsi3HEHHOCTH
1 pa3MepoB u3nennii. OcaxkaeHre HaHOpa3MEePHBIX M3-
HOCOCTOMKMX MOKPBITUM Ha U3AEIUST OCYLIECTBIISIETCS
Ha BaKyyMHOI1 yctaHoBke BRV600D.

M300peTeHre MOXET ObITb UCITOJIb30BAHO B IPO-
MBIIIIEHHOCTH, TPAHCIOPTE JIJIs1 MTOBBIIIIEHUS dKCIUTya-
TallMOHHBIX XapaKTEePUCTUK U3NETUN U YBETUUECHUS UX
pecypca paboThbl, AeTajeil y3J10B TpeHUs, AeTajleil ToU-
HOTO MalllMHOCTPOEHMUSI.

Crioco6 morydyeHHs HAHOKOMIIO3HTHOTO MATHUTHOTO
u 3jekTponpoBoasamero Mmarepuaiaa (RU 2739030 C1)

M306peTeHre MOXET ObITh MCIIOIB30BAHO IIPU CO3-
JTAaHUU KOMITOHEHTOB 3JIEKTPOHHOM TEXHUKH, CEHCOPOB,
CYIIEPKOHAEHCATOPOB, 2JIEKTPOMArHUTHBIX 9KPAaHOB,
KOHTPAaCTUPYIOILIUX MaTepuajaoB A MarHUTOPE30-
HaHCHOI ToMorpadun, B CCTeMaxX MAaTHUTHOM 3aITiCcHy
nHOOPMALIMK KaK MaTepHualibl, TTOTJIONIAIONINE DIIEK-
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TPOMarHUTHOE U3Iy4YcHHE U ap. [mOpmmHbIC MeTaI-
TIOJIMMEPHBIC HAHOKOMIIO3UTHI Ha OCHOBE TIOJIMMEPOB
C CHCTEMOM COIPSIKEHUS TIPEACTABIISIIOT COOO0I MaTe-
pHAaJIBl HOBOTO ITOKOJICHMS C IMMPOKUM CITEKTPOM (PYHK-
IIMOHANTbHBIX XapakTepuctuk [9]. Ocoboe MecTo B 3TOM
KJIacce TUOPUIHBIX MaTepHAJIOB 3aHUMAIOT MAaTHUTHEIC
HAHOKOMITO3UTH. PYHKIIMOHAIBHEIC CBOMCTBA TAKMX
HAHOKOMITO3UTOB OIIPEICIISTIOTCS KaK CIen(pUIecKOoi
3JIEKTPOHHOU CTPYKTYPOI MOJIMCOIPSKEHHON cucTe-
MBI, TaK ¥ IIPUPOIOI MAaTHUTHBIX HAHOYACTHII, YTO 00e-
CIIEYMBACT COUYCTAHNE B OMHOM MaTepHasie MATHUTHBIX,
SJICKTPUYCCKUX, SJICKTPOXUMHMUYCCKUX U APYTUX (DI3UKO-
XMMHUYCCKIX CBOMCTB. 3amaya N300peTeHUsI 3aKITI0IaeTCsT
B CO3IaHMU HAHOKOMITO3UTHOTO MAarHUTHOTO MaTepH-
aja, 0bJIamaroIero OMHOBPEMEHHO AJICKTPUICCKIMH
(RIIEXTPOIIPOBOASIIINMM) U CYIIepIIapaMarHUTHBIMU
CBOICTBaMU, BBICOKOM HAMAarHMUYEHHOCTBIO HACHITIICHUS
¥ TePMOCTOMKOCTBIO (TepPMOCTaOMITEHOCTHIO), BEICOKOM
3JIEKTPOIIPOBOIHOCTHIO, M pa3pabOTKe IIPOCTOTO 1 3¢h-
(beKTMBHOTO CITOCO0A €TO TTOTYICHMSI.

3amava pelraeTcst TeM, UTO TIPEIIOKEH CII0CO0 TTOJTy-
YeHMST HAHOKOMITO3UTHOTO MAarHUTHOTO M 3JICKTPOIIPO-
BOISIIETO MaTepraja ITyTeM COBMECTHOTO PACTBOPCHUS
comneit Co (II) u Fe (I11) B opraHmIecKoM pacTBOpPUTEIIE
¥ TIOJIMMEPHOI MaTpuIlbl — ojmdeHokcasuHa ([TPOA),
yIAJICHUST paCTBOPUTEIIS ¢ (DOPMUPOBAHUEM IIPEKypcopa
u iocnenyroniero MK-Harpesa mory4eHHOTO IIPeKypco-
pa, OTIMYAIOLINIACS TeM, 9YTO COBMECTHOE paCTBOPCHHUE
TIPOBOMAST OMHOBPEMEHHO C JOTIOJIHUTEIHPHO T00ABIICH-
HBIMU B PaCTBOP OTHOCTCHHBIMU YIJIEPOTHBIMUA HAHO-
tpyokamu (OYHT), ymaneHne pacTBOPUTEIISI OCYIIIECT-
BIISIOT 1Ipu Temrtepatype 60—85°C, a MUK-narpes mpo-
BOIAT B atMocdepe aprona mpu 350—600°C B TreueHmne
2—10 MuH 10 00pa30BaHMSI HAHOKOMIIO3UTHOTO Mate-
puana, cogepxaiero 5—10 macc. % OT Macchl ouMepa
OVYHT, Ha koTopbIX 3aKkperuieHbl Hanouactuilbl Co—Fe
Ipu 001LLEM CoaepKaHUu UX B MaTepuaie 2—45 macc. %.

TenioBbIIEIAIOMINIA 3IEMEHT ¢ KOMIIO3UTHBIM 3AIIUT-
HeiM nokpeiTueM (RU 2740701 C2)

ITocne aBapuu B 2011 rony Ha ADC «®Dykycnma-1»
(AmonHMsT), CBSI3aHHOM € TIOTepEit TETUIOHOCUTEIST, B MUPE
Hayajach IIporpaMma Ito CO3TaHUIO «TOJIEPAHTHOTO» TO-
wmBa (Accident Tolerant Fuel, ATF), uckmouaroriero
HapabOTKy BOIOPO/IA, BEIICIISTIOIIETOCS TP OKMCICHUT
UMPKOHMA (TapOLMPKOHUeBast peakuus Zr + 2H, 0 —>
ZrO, + 2H, 1) u npuBosLIETo K 00pa30BaHUIO B3PIBO-
OIaCHOIT BOIOPOIHOI CMeCH B BepXHEI YaCTH PeaKTopa.
BomoponHslif B3pBIB SBIIICTCS HanOoJIee OIMACHBIM SIB-
JICHUEM B TIPOIIeCCe Pa3BUTHS PamTUallMOHHON aBapuun
¥ TIPUBOIUT K PacTIIPOCTPAHEHUIO PaTNOaKTUBHBIX Be-
1ecTB Ha paccTtostHuM 6ojee 100 kM.

Texamyeckas 3amada, pelraeMasi B JaHHOM M300pe-
TEHUU — 3TO MPEeIOTBpaIlleHNe KaK B3OYTUS U pasrep-

METH3aIli{ TB3JIOB Ha paHHEM 3Tarle TSKEIOM aBapuu
C ToTepei TeTUIOHOCUTEIISI, TaK M BOSHMKHOBEHUSI T1a-
POILIMPKOHUEBOI pEaKIINH.

TexHnuyeckas 3amgaya pelraercs 3a cUeT TOro, 4To
Ha 000JI0YKe TB3JIa M3 IIUPKOHMEBOTO CIIJIaBa CO3Ma-
€TCsI MHOTOCJIOITHOE 3aIIMTHOE ITOKPEITHE, B KOTOPOM
OIIMTH WJIM HECKOJIBKO TTPOMEXKYTOUHBIX 0aphepHBIX CIIOCB
BBITIOJTHSIIOTCST 13 MaTePHAIOB, BEIOPAHHBIX M3 TPYIIIIHI,
BKJIIOUAIOILEl TaHTAaJI, MOJIMOAEH, BOJIb(ppaM, HUOOUIA,
BaHanwit, racdHUM (TyromwiaBkue OLIK Metasiel, oopa-
3VIOIIME HETIPEPBIBHBIN PsII TBEPIBIX PACTBOPOB C COCMIH-
HeHuu ¢ Ti), a BHELIHWI CJION BBITTOJTHSETCS U3 CIlaBa
Ha ocHOBe Cr—Al, OT/IMyaioLuiics TeM, 4TO B MOKPBITUU
COIEPKUTCS KOMITO3UTHBIN CIIOM, COCTOSIIIUIA U3 KTy~
TOB HAHOTPYOOK, TTOMEIICHHBIX B IUTACTUYHYIO MATPHILY
n3 criaBa ThTaHa [10].

HoBplif TeXHUYEeCKU pe3yabTaT N300pETCHUS CO-
CTOUT B TOM, UTO yIJICCOmEpKAIINii MaTepraj, B 4acT-
HOCTH, HAaHOTPYOKM, 00IaIafoIIe BEICOKOM YIeTbHOMN
IIPOYHOCTHIO, CTa00 3aBUCSIICH OT TEeMITePaTyphI BIUIOTh
1o 2500°C, Hakpy4YeHHBIE Ha TBAJI, CO3MAIOT «OaHIaxX»,
KOTOPBI OCTAHOBUT PACITyXaHHNE W Pa3pbIB 000JI0UCK
Ha HavaJIbHOM CTaIny aBapyy C ITOTePeil TETTIOHOCUTETIS.
BHemHMIT KOppO3MOHHOCTOIKMIA ¢Jtoit Ha ocHoBe Cr—Al
CITIaBa 3aMEIUTAT OKMCJICHNE IIUPKOHNUS 1 00pa30BaHME
Bomopona. TeopeTnyecKre OLIEHKN TTOKAa3aJIi, YTO IIPOY-
HOCTbh Ha pagualibHBIN pa3puIB Ipu Temiiepatype 1000°C
1 KOppo3moHHas cToiKocTh pu 1400°C 060J109KM TBI-
JIa TIPY UCITOIb30BaHUM TIPEAIaTaeMOTO KOMITO3UTHOTO
ITOKPBITHS TIOBHIIIIAIOTCS OoJiee 4eM Ha mopsimokK. Ot-
cJlauBaHWE TIOKPHITHS TIPY PamralliOHHOM OOJTYICHUN
HE OXUIACTCS BCIIEICTBUE XXKECTKOCTH KOMITO3UTHOTO
ciosi. Bo3MokeH BBHIOOP TaKOW MTOTOBOI TOJIIMHBI
MIpeaIaracMoro KOMITO3UTHOTO TIOKPHITUS (HaIIpuMep,
He 6oiee 30 MKM), TaK 4TO IIpealaracMoe N300peTCHIE
He TpeOyeT CYIIeCTBEHHBIX N3MEHEHUM TeXHOJIOTUHT 13-
roroBieHust TBC, 4To sIB/IsSICTCSI HECOMHEHHBIM OCTO-
WHCTBOM HaCTOSIIET0 N300pETCHUSI.

Hay‘IH])Ie OCHOBBI 1 TEXHOJIOTMHA NMPUMEHCHHUSA HAHO-
MaTepHuaIoOB B KAYeCTBE NPUCAAKH K CMAa30YHOMY MacCIy

HaHoTexHoI0THS — OBICTPO pa3BUBAlOIICECS Ha-
IIpaBJIcHNE HayKU. B TeueHMe mocIemHNX HeCKOJIBKIX
JIET 3HAYUTEJIBHO IIPOABUHYIINCH TOHUMAaHNUE CTPYKTYP
1 TIPOIIeAyp Ha aTOMHOM M CyOATOMHOM YpOBHE (HAaHO-
HayKa), a TaKxKe TIPOIIeCCHl MCITOIb30BaHMUS M YIIpaBIIe-
HHST HAaHOPa3MEPHBIMHU SIBIICHUSIMU IUTSI OCOOBIX IeJIei
(raHOTexHOJNOTNM). [lepeceuyeHne HAHOTEXHOJIOTHI
¢ npyrumu chepamu MOBBICUT YEJIOBEYECKUE BO3ZMOX-
HOCTHU Ha pa3IUYHbIX YpoBHSIX [11].

HanHoe mccienmoBaHne c(hOKyCMPOBAaHO Ha HOBBIX
IIpUMepax UCIIOIb30BaHNs HaHOMIIONIOB BHE 3aBU-
CHMOCTH OT TEIIJIOOOMEHHBIX XapaKTepPUCTUK (PIIOMIOB
Ha HaHOYpoBHe. JlaHHOE MCCIIeMOBaHNE OTTICHIBACTCS
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Kak go0aBJIcHIE TIPUCATOTHBIX CPEICTB, BIMSICT Ha BSI3-
KO-YIIPYTHE ¥ TePMO-(DU3NMUIECKIE CBOMCTBA MAIIMHHBIX
Macesl. MaImmHHOe Maciio, UCTIOb3yeMOe B TPAHCITOPT-
HOW MHAYCTPUU, SIBIISICTCSI OMHUM M3 CAMBIX ITOTPEOIsI-
€MBIX TIPOIYKTOB. B CBSI3M ¢ 5TMM, HabIIOMaeTCS CIIPOC
Ha TTOBBIIICHNE TTIPOU3BOIUTEIBHOCTI IpUcamoK. JIrst
3TOTO B TIPUCAIKHN BBOISIT TOOABKH, YIYUIIAIOIINE MX
9KCIUTyaTallMOHHBIE KadecTBa. CliemoBaTeIbHO BO3-
HUKaeT HeOOXOIMMOCTh JEMOHCTPAIIUM TOTO, KaK II0-
0aBKM K IIpHcaIKaM MCHSIIOT aBTOMHAYCTPHUIO, ITOTpe-
ouTeeil 1 KaKUM 00pa30M BIUSIOT HAa OKPYKAIOIIYIO
cpeny. [TomoOHBIE MOGABKM OXBATBHIBAIOT CICAYIOIINEC
cdepsl UCITOJIB30BAHUS: CMAa30YHbIC MaTEePHAJIbI IJIT
MacCcaxXXMpPCKOro TpaHCIIOpTa (IM3eJIbHBIC U Ta30BBIC
IBUTATENIN), IBATATENIeil TPYy30BUKOB 1 aBTOOYCOB,
a TakKe JUIST MOIITHBIX ABUTaTesIei. MccmeqoBaHue 110-
Ka3aJio BKJIaI, IPOM3BOIMMBII IIpUCcCagKaMy K CMa3KaM
B JAHHBIX c(pepax Mo OTHOMICHUWIO K ITOTPEOUTEIISIM,
OTpac/IM U OKPYXalollIei cpesie 3a CUeT UX CIIOCOOHOCTHU
ONTUMHU3UPOBATh XKeJJaeMbIe KauecTBa MPHUCaI0K, OMHO-
BPEMEHHO IIPeIOTBpaIas MOoIBICHIE HeXKeTaTeIbHBIX
3(GeKToB.

Crnioco0 m3roToBjieHHs MOJBIX MUKpPOCc(ep U3 OKcuaa
amovunns (RU 2740748 C1)

M300peTeHre OTHOCUTCSA K CITOCO0aM M3TOTOBJICHUS
HCOPTAaHMYCCKNX HAITOJTHUTENICH U3 TIOJIBIX HaHOC(hEP
OKCHIa aTIOMUHMS, TIPUMEHSIEMBIX B KAUeCTBE OCHOBBI
COpOEHTOB, HOCUTEJICH KaTaan3aTopoB, HATIOTHUTEIICH
IUIST TEPMOCTOMKIUX M TEIIOM3OJISIIMOHHBIX TTOKPHITHI
¥ ApyTUX QYHKINOHAIBHBIX MaTepuajos [12].

3agaveii TeXHMIECKOTO pelIeHUS SIBIISIach pa3pa-
00TKa CIrocoba U3rOTOBJICHUS TOJIBIX MUKpOCchep 13 OK-
CHIa aTIOMUHUS, 00eCIIeYMBAIOIICTO NX CPEIHUMA pa3-
Mep B nuamnasoHe ot 40 o 100 HM mpu OTHOBPEMEHHOM
VIIPOIIICHNH TIpoIiecca nX n3roropieHus. [locTaBaeH-
Has 3amaya pelraeTcsl TeM, YTO CII0CO0 M3TOTOBJICHUS
TIOJIBIX MUKpOC(dep OKCHUIA aTIOMUHUS BKIIIOYACT TH-
IPOTepMaJIbEHYIO0 00padOTKY BOTHOTO pacTBOpa HUTpa-
Ta AIFOMUHMSI M1 MOHOCaxXapuaa, IIPOMEBIBKY TIPOAYyKTa
TUIPOTEPMATbHOI 00pabOTKHU B BUIE YIJIEPOTHOTO simpa
¢ 000JI0YKOI 13 OKCHIA ATIOMUHUS TUCTAUIMPOBAHHOMN
BOJIOI, €TO CYIIKY 1 OTXKWT B BO3MYIITHOM Cpeie IO ITOITy-
YeHMS TOJIBIX MUKpocdep oKcuaa aTioMuHus. HoBEIM
B CII0CO0E SIBJISIETCS TO, YTO TIPOBOIST TUIPOTEPMATHHYIO
00paboTKy BomgHOTro pactsopa (0,001—0,050) Moib/1 HI-
tpata amoMuHus 1 (0,01—0,50) Moab/7 DPYKTO3EI TIPU
temmeparype (100—125)°C u mapnenuu (0,5—1,0) MIla
B TeueHUe (1—4) 9acoB ¢ 1IeIbI0 CO3MaHMUs B 00beMe pe-
AKIIMOHHOTO PAaCTBOPA OOJIBIIOTO KOJMICCTBA 3apOIbI-
et HoBoi (ha3el, a 3ateM rpu (175—200)°C u gaBieHnn
(3—5) MIla B TeueHume (5—25) 4acoB IJIsT OCYIIECTBICHUS
pOCTa 3TUX 3apONBIIICH 1O pa3MEpPOB B HECKOJIBKO JIe-
CATKOB HAHOMETPOB.

OTXUT IPOIYKTa TUIPOTEPMATBHON 00paOOTKI MOXK-
HO TIpoBOANTH IIpH Temrteparype 600—800°C. I'maporep-
MaJibHast 00paboTKa UCXOIHOIO pacTBOPA HUTpATA ajlto-
MUHUS 1 PPYKTO3BI B IBYXCTAAMITHOM PEKMME TIO3BOJISI-
€T OCYILECTBJISITh TOHKYIO HACTPOUKY (DYHKIIMOHAIbHBIX
XapaKTepUCTUK TOTOBOTO MPOAYKTA 34 CUET YIIPABIECHUS
IIpoliecCaMy 3apOAbIIIIeo0pa3oBaHms (TiepBast CTAINS)
1 pocTa (BTOpasi CTaaMs) IPEIIICCTBYIOIINX OCHOBHOMY
MPOAYKTY KOMITO3ULIMOHHBIX CHEP CO CTPYKTYPOIL «yTie-
pOIHOE AP0 — OKCuaHas obosouka». Ha nepBoii cranuu
TUAPOTEpMaIbHOM 00pabOTKU pacTBOpa CPaBHUTEILHO
MSTKME TeEMIEepaTypHbIe I BpEMEHHBIE YCIIOBUST obectie-
YUBAIOT MOSIBIIEHHWE B PEAKIIMOHHOM 00beMe O0JIbIIIOTO
4yucIIa 3apoabliieii HoBoil ¢a3bl. Ha Bropoii ctaguu npu
0oJiee XKEeCTKUX YCIOBUSX TUAPOTEPMATIbHOM 00paboTKU
MPOTEKAET MHTEHCUBHBIN POCT 3apojbllleil 10 pa3Me-
POB B HECKOJIBKO JAECSITKOB HAHOMETPOB U OpraHM3aLIusI
UX KOMITO3UILIMOHHOM CTPYKTYPHI MO TUITY «YTJIEPOIHOE
SIIPO — OKCUIHAS 000JI0UKa», KOTOPast 3aTEM OIIpEIEIIIET
3HAUEHUS YIEJbHOW MTOBEPXHOCTU U MMOPUCTOCTU TTPO-
JyKTa MocJIeaylolleil TepMUIecKoii 00pabOTKM — MOJIbIX
cep ALO,.

Cnoco0 noJryyeHus HOPOMIKOB BICOKOOOPHPOBAHHOTO
anma3za (RU 2740933 C1)

M3006peTeHre OTHOCUTCS K 00J1aCTU CUHTE3a all-
Mas3a, W, B YaCTHOCTH, K METOIaM CHHTE3a ITOPOIIKOB
alMa3oB, JIETUPOBAHHEIX O0OPOM B KOHIICHTpPAIlNU
Boiie 10%' atom/cM 3. OTIMYUTEILHOM OCOOEHHOCTDIO
TaHHOTO MaTepuaja SIBISCTCS METaTMICCKUMN THII
IIPOBOAUMOCTHU 1 HAJIMYUE CBEPXIIPOBOTUMOCTHU TP
HU3KUX TeMIIepaTypax, 9To OIpeaeIsieT eTo BOCTPe0o-
BaHHOCTB B TAKMX 00JIACTSIX KaK 3JICKTPOXUMMUS, OHO-
XUMMUS, 3JICKTPOAHANIN3, JIEKTPOHHBIC U 3JICKTpOMe-
XaHWYecKue ycTpoiicTBa. [1oTpeOHOCTh B MUKPOHHBIX
1 CYOMUKPOHHBIX ITOPOIIKAaX BEICOKOJIECTUPOBAHHOTO
0opoMm ajimMa3a 00ycoBJIEHA TeM, YTO OHU MOTYT OBITh
HCITOTB30BaHbI IS TTIOTYICHUS IIPOBOISIINAX W CBEPX-
MIPOBOISIINX KOMITO3UTOB, KOTOPBIC 00JIaTafoT UCKITIO-
YUTETBbHOM TBEpIOCThIO [13].

3amadeit mpeaaraeMoro TeXHHIECKOTO peIleHUS
SIBJISIETCSI YCTpaHEHNE HEIOCTATKOB, U B YACTHOCTH,
HUCKJIIOUCHNE MCIIOIb30BaHMs BOTOPOICOIEPKAIIETO
BEIIIECTBA, 1 MOJYICHNE aJTMA3HBIX IIOPOIIKOB MUKPOH-
HBIX 0KOJIO 1—10 MKM 1 cyOMUKpOHHBIX 0,1—1 MKM
pa3MepoB, COMEpKAIINX JICTUPYIOIIYI0 100aBKy Oopa
B KoHLeHTpauuu He MeHee 102! atom/cMm—3. Kpome Toro,
pelaeTcs 3a1ada MoTyIeHUS aIMa3HBIX IIOPOIITKOB 3a-
MAHHOM 3¢pHUCTOCTH B MUKPOHHOM M CYOMUKPOHHOM
IHrara3oHax.

HccrenoBaHme MpeaaracéMoro pelieHus IT03BOIIIIO
YCTaHOBUTD, UTO TUCIIEPCHOCTD I YPOBEHB JICTHPOBAHMS
0OpPOM TMOJIy9aeMBIX aJIMa3HBIX ITOPOIIKOB OIIPEHCIIsI-
€TCSI COCTOSTHAEM MCXOMTHOTO YIJIEPOTHOTO MaTepHaa,
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¥, B YaCTHOCTH, €TI0 TUCIICPCHOCTHIO M YPOBHEM JICTH-
poBaHMsT 60poM. BEIIO yCTaHOBJICHO, YTO MCXOMXHBINA
YTJIEpOIHBIN MaTepHUaI MOXET OBITh OOPHMPOBAHHEBIM
rpauTOM, KOTOPBII MOXKET ObITh IIOJTYICH 13 CMECH Ha-
HOTJIOOYJIIPHOTO YIJIepoaa M peHTreHoaMop(hHOTO Oopa
ITyTeM BO3ICHCTBUS BBICOKUM JABJICHUEM U TeMIICpaTy-
pOI1, TIpW TOM IaBJICHNE JOJIKHO OBITh HIDKE, YeM JaB-
JICHNE, HeoOXOomMMoe Ul CHHTe3a ajMa3sa. beio ycTa-
HOBJICHO, YTO BapbMPOBAHNE aTOMHOTO COOTHOIIICHUS
0opa 1 yriiepoaa B CMeCH HaHOTJIOOYJIIPHOTO yIJIepoaa
1 peHTTeHoaMop¢HOTO 00pa, a TaKKe BapbHUPOBAHME
mapamMeTpoB TepMOOaAPUICCKO 00padOTKU TTO3BOJISICT
TIOJTy4YaTh JIETUPOBAHHBIC OOPOM MOPOIIKHU TpacuTa pas-
JIMYHOM 3¢ PHUCTOCTU 1 KPUCTAIITMICCKOTO COBEPIICH-
ctBa. Llenp mocTuraeTcs TeM, YTO HAHOTIIOOYIISIPHBIA
YIJIEepoa U peHTreHoaMop(@HbIi 60p 6epyT B aTOMHOM
cooTHomeHnu 6op/yrinepoxn ot 1/10 mo 1/20, cmemmmBa-
0T 1 00pabaTHIBAIOT JaBlieHreM B nuarnasone 3—6 I'Tla
temriepatypoii B quamnazoHe 1400—1700°C u mmoay4yaoT
TIOPOIIIKKA OOPMPOBAHHOIO TpacuTa, KOTOPHIC 3aTeM
obpabaTteiBatoT npu gasiaeHnu 8 I'Tla u Temmepatype
1600—1800°C.

Taxxuce npedcmasasitom unmepec 04s1 CHEUUAAUCHIOB8
caedyrouiue uzoopemenus 6 004acmu HAHOMEXHOA02UIL:

o MeTtoxm IpON3BOICTBA CYXUX CTPOUTEIBHBIX CMECEH
[14].

o Crroco0 mojydeH!sI HAHOCTPYKTYPHPOBAHHBIX TTOJTBIX
MUKpocdep oxkcuaa BaHanus [15].

« Cr1oco0 ToyYeHMST BOTHBIX CyCIICH3MI HAHOKOM-
TMO3UTHOTO MaTepHraja Ha OCHOBE OKcHIa rpadeHa
¥ TpUCYIb(pUIA MUPKOHUS C IIPOTUBOMUKPOOHBIMH
cBoiictBamu [16].

CIINCOK JINTEPATYPBI

o Mertox IpoOM3BOACTBA XKeJIe30COAEPKAIINX KOMIIO-
3UTHBIX MaTePHUAJIOB, YCUJICHHBIX OKCUIAMU METaJl-
JIMYECKOTo HaHoTopoika [17].

o Croco06 nonydeHust (hepprUTOB METAIJIOB BOCBMOIT
TPYIIITLI YeTBEpTOTO TIeprona [18].

o Cmoco6 hopMUpoBaHNS KOHTAKTHOM ITOBEPXHOCTHU
aHOJIa TUTUI-NOHHBIX aKKYMYJISTOPOB [19].

o IlImpoKOmOIOCHBIN M3TydaTeIb HHOPAKPACHOTO
1 TeparepiieBoro QMarna3oHoB IITUH BoH [20].

o MeTonm IMPOM3BOACTBA META-TIOJMMEPHBIX HAHO-
KOMITOJI3UTHBIX MaTePHUAJIOB ¢ METAITNICCKIMU Ha-
HouacThlamu [21].

o Crroco6 monygeHuss MOIM(PUIIMPOBAaHHBIX HAHOYA-
CTHUII MAaTHETHUTA, JISTUPOBAHHBIX TaAmOIMHIEM [22].

o TuOpumHBIKN MAarHUTHBINA U 3AEKTPOIIPOBOASIINN
MaTepraj Ha OCHOBE MOJMMepa, OMMETaUTMIECKUIX
HAHOYACTUII M YIJIEPOTHBIX HAHOTPYOOK, U CITOCO0
ero noJjryueHud [23].

o Crrocob ¢hopMHUPOBaHUST MUKPO- U HAHOBOJOKHM-
CTBIX MaTepHaos [24].

3AK/IIIOYEHUE

OnHa 13 aKTyaJIbHBIX 3aa9 9KOHOMUKH JII000M CTpa-
HBI — TIOBBIIIICHIE KOHKYPEHTOCTIOCOOHOCTH TTPOMBIIII -
JICHHOCTH 32 CUET €€ TeXHOJIOTHIECKOTO TIepeoCcHaIIe-
Hus. M B 95TOM HaIlpaBJICHNH TJIaBHBIM O0OBEKTOM BHU-
MaHHMSI CO CTOPOHBI TOCYIAPCTBA Y KOMITAHUI CTAHOBSITCS
JTIOIY VUTH TIPEITIPUSITHS, IbsT OCHOBHAST paboTa CBSI3aHA
¢ M300peTeHNeM 1 BHeAPEHEM HOBBIX TexHoIormit. [1o-
STOMY HameeMcsl, 4TO ITyOIMKyeMasi B JaHHOU pyopuKe
nHdopMauus OyaeT BOCTpeOOBAHHON U MOJIE3HOM ISt
CITCIINAJICTOB.
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